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View into the ribosomal exit tunnel

Ada Yonath

Department of Structural Biology, Weizmann Institute,
Rehovot 76100, Israel

Ribosomes, the universal polymerases for the translation of
the genetic code into proteins, possess an elongated tunnel
through which the nascent protein progress until they emerge
into the cell. While traveling through the tunnel the nascent
proteins can interact with specific tunnel wall components
capable of imposing transient or a relatively long elongation
arrest. Furthermore, internal architecture and flexibility allow
response to cellular signals, thereby provides a mechanism
for gene regulation.

0-002

The interplay between actin dynamics

and membrane tension determines

the shape of moving cells

Kinneret Keren

Physics Department, Technion-Israel Institute of Technology,
Haifa 32000, Israel

A central challenge in cell motility research is to quantitatively
understand how numerous molecular building blocks self-
organize to achieve coherent shape and movement on cel-
lular scales. We focus on one of the classic examples of such
self-organization, namely lamellipodial motility, in which for-
ward translocation is driven by a treadmilling actin network.
We combine detailed measurements of lamellipodial mor-
phology, spatio-temporal actin dynamics and membrane
tension, with mathematical modelling to explain how global
shape and speed of the lamellipodium emerge from the

underlying assembly and disassembly dynamics of the actin
network within an inextensible membrane bag.

0-003

Structure determination of dynamic macromolecular
complexes by single particle cryo-EM

Holger Stark

Max-Planck-Institute for biophysical Chemistry, Goettingen,
Germany

Macromolecular complexes are at the heart of central regu-
latory processes of the cell including translation, transcription,
splicing, RNA processing, silencing, cell cycle regulation and
repair of genes. Detailed understanding of such processes
at a molecular level requires structural insights into large
macromolecular assemblies consisting of many compo-
nents such as proteins, RNA and DNA. Single-particle
electron cryomicroscopy is a powerful method for three-
dimensional structure determination of macromolecular
assemblies involved in these essential cellular processes. It
is very often the only available technique to determine the
3D structure because of the challenges in purification of
complexes in the amounts and quality required for X-ray
crystallographic studies.

In recent years it was shown in a number of publications that
it is possible to obtain near-atomic resolution structures of
large and rigid macromolecules such as icosahedral viruses.
Due to a number of methodological advances there are now
also great perspectives for high-resolution single particle
cryo-EM studies of large and dynamic macromolecules.
Successful high-resolution structure determination of
dynamic complexes requires new biochemical purification
strategies and protocols as well as state of the art electron
microscopes and high-performance computing. In the future
cryo-EM will thus be able to provide structures at near-atomic
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resolution and information about the dynamic behavior of
macromolecules simultaneously.

0-004

Detection and rapid manipulation of phosphoinositides
with engineered molecular tools

Tamas Balla

Section on Molecular Signal Transduction, Program

for Developmental Neuroscience, NICHD, NIH, Bethesda,
MD 20892, USA

Polyphosphoinositides (PPls) are ubiquitous lipid regulators
of a variety of cellular processes serving as docking sites and
conformational switches for a large number of signaling
proteins. The localization and dynamic changes in PPls in
live cells have been followed with the use of protein domain
GFP chimeras. In this presentation we will show experi-
mental systems that allow rapid manipulation of the levels of
PPIs in specific membrane compartments. We are also
actively pursuing strategies that will allow us to map the
distribution and possible functional diversity of the phos-
phatidylinositol (PtdIns) pools within intact cells since they
are the precursors of PPIs. We will show our most recent
progress in addressing this question: the use of a Ptdins
specific PLC enzyme isolated from Listeria monocytogenes
together with a highly sensitive diacylglycerol sensor to
determine the distribution and also to alter the level of Ptdins
in living cells. These studies reveal that a significant meta-
bolically highly active PtdIns pool exists associated with tiny
mobile structures within the cytoplasm in addition to the
known ER and PM PtdIns pools. We will show our most
recent data on the consequences of Ptdins depletion within
the various Ptdins pools on PPl production and on the
morphology and functions of various organelles.

0-005

Spectroscopic explorations of the nature of protein
dynamics

F. Mezei

Hungarian Academy of Sciences, SzFKI, 1525 Budapest, Pf.
49, Hungary; European Spallation Source ESS AB, PO BOX
167, SE 22100 Lund, Sweden

The functionality of proteins is known to be intimately related
to the motion of their constituents on the atomic/molecular
level. The study of microscopic motion in complex matter is
often reduced to the observation of some average mean
square atomic displacement, a first, very partial character-
ization of the dynamics. The marked crossover in the
temperature dependence of such quantities in hydrated
proteins around 200 K, the so called “dynamic transition” has
been originally observed a quarter of century ago. The origin,
nature and the key characteristics of the atomic motions
behind this remarkable evolution of the mean square dis-
placement in proteins remained controversial over the past
decades. Recent analysis of MOssbauer, dielectric relaxation
and neutron scattering spectroscopic data provide unam-
biguous evidence that this phenomenon is caused by the
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temperature dependence of a relaxation process spread over
several orders of magnitude in the time domain, similarly to
the f relaxation process observed in glasses. The review and
critical analysis of the available data highlights the inherent
ambiguities of commonly used data fitting approaches.
Emerging evidence from model independent observations
tend to exclude some of the proposed mechanisms.

0-006

Microbial Rhodopsins: light-gated ion channels

and pumps as optogenetic tools in neuro- and cell
biology

E. Bamberg, C. Bamann, R.E. Dempski, K. Feldbauer,

S. Kleinlogel, U. Terpitz, P. Wood

Department of Biophysical Chemistry, Max-Planck-Institute
of Biophysics, Frankfurt, Germany

Microbial Rhodopsins are widely used in these days as op-
togenetic tools in neuro and cell biology. We were able to
show that rhodopsins from the unicellar alga Chlamydo-
monas reinhardtii with the 7 transmembrane helix motif act
as light-gated ion channels, which we named channelrho-
dopsins(ChR1,2). Together with the light driven CI" pump
Halorhodopsin ChR2 is used for the non-invasive manipu-
lation of excitable cells and living animals by light with high
temporal resolution and more important with extremely high
spatial resolution The functional and structural description of
this new class of ion channels is given (electrophysiology,
noise analysis,flash photolysis and 2D crystallography). New
tools with increased spatial resolution and extremely
enhanced light sensitivity in neurons are presented. A per-
spective for basic neurobiology and for medical applications
is given.
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The spatial organization of growth factor signaling
systems in cells

Philippe Bastiaens

Max Planck Institute of Molecular Physiology, Department
of Systemic Cell Biology, Dortmund, Germany

Our main objective is to elucidate how intracellular networks
of nanometer-sized protein molecules process extracellular
information thereby determining cellular phenotype that
manifests on the micrometer scale. The cellular response to
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extracellular signals consists of the induction of specific gene
expression patterns and the re- organization in space and
time of stereo-specific macromolecular interactions that
endow the cell with its specific morphology. We develop
quantitative experimental and computational approaches to
derive and conceptualize physical principles that underlie
these dynamics of signal processing and cellular organiza-
tion. We have an experimental emphasis on functional
microscopic imaging approaches at multiple resolutions to
study the localization and dynamics of protein reactions/
interactions, maintaining the inherent spatial organization of
the cell. We have a strong recursion between computation of
molecular dynamics in realistic cell geometries as sampled
by microscopy, and experiments that reveal the dynamic
properties of networks in living cells. We investigate the
cellular topography of activities that transmit signals from
receptors at the cell surface. Here we ask, how spatial par-
titioning of intracellular signalling activities is achieved by the
causality structure of the signalling network, and how this
partitioning affects signal response. This entails the experi-
mental elucidation of connections between reactions and the
determination of enzyme kinetic parameters in living cells.

0-008

Molecular photovoltaics mimic photosynthesis

Michael Gratzel

Laboratory of Photonics and Interfaces, Institute of Chemical
Science and Engineering, Station 6, Ecole Polytechnique
Fédérale, CH-1015 Lausanne, Switzerland

E-mail: michael.graetzel@epfl.ch

The field of photovoltaic cells has been dominated so far by
solid state p-n junction devices made e.g. of crystalline or
amorphous silicon, profiting from the experience and material
availability of the semiconductor industry. However, there is
an increasing awareness of the possible advantages of
devices referred to as “bulk” junctions due to their intercon-
nected three-dimensional structure. Their embodiment
departs completely from the conventional flat p-n junction
solid-state cells, replacing them by interpenetrating networks.
This lecture focuses on dye sensitized mesoscopic solar
cells (DSCs), which have been developed in our laboratory.
Imitating natural photosynthesis, this cell is the only photo-
voltaic device that uses a molecular chromophore to
generate electric charges from sunlight and that accom-
plishes the separation of the optical absorption from the
charge separation and carrier transport processes. It does so
by associating the molecular dye with a film constituted of
tiny particles of the white pigment titanium dioxide. The DSC
has made phenomenal progress, present conversion effi-
ciencies being over 12 percent for single junction and 16
percent for tandem cells, rendering the DSC a credible
alternative to conventional p-n junction devices. Molecularly
engineered porphyrine have recently even reached over 13
percent efficiency when used in conjunction with a new redox
electrolyte. Commercial large scale production of flexible
DSC modules has started in 2009. These solar cells have
become viable contenders for large-scale future solar energy

conversion systems on the bases of cost, efficiency, stability
and availability as well as environmental compatibility.

References:

(1) B.O’'Regan and M. Gratzel, Nature, London 353 (1991).

(2) U.Bach, D.Lupo, P.Comte, J.E.Moser, F.Weissortel,
J.Salbeck, H.Spreitzert and M.Gratzel, Nature, 395,
550 (1998).

(3) M Gratzel, Nature 414, 338-344 (2001).

(4) M.Gratzel, Acc. Chem. Res. 42, 1781-1798 (2009).

0-009

Organizing principle of the plasma membrane: three-
tiered meso-scale domain architecture revealed

by single-molecule tracking

Akihiro Kusumi

Institute for Integrated Cell-Material Sciences (iCeMS),
Institute for Frontier Medical Sciences, Kyoto University,
Kyoto, Japan

Single-molecule imaging and tracking techniques that are
applicable to living cells are revolutionizing our understand-
ing of the plasma membrane dynamics, structure, and signal
transduction functions. The plasma membrane is considered
the quasi-2D non-ideal fluid that is associated with the actin-
based membrane-skeleton meshwork, and its functions are
likely made possible by the mechanisms based on such a
uniqgue dynamic structure, which | call membrane mecha-
nisms. My group is largely responsible for advancing high-
speed single molecule tracking, and based on the observa-
tions made by this approach, | propose a hierarchical
architecture of three-tiered meso-scale (2-300 nm) domains
as fundamental organizing principles of the plasma mem-
brane. The three tiers | propose are the following.

[Tier 1] 30-200 nm compartments made by partitioning the
entire plasma membrane by the membrane-associated actin-
based meshwork (membrane skeleton: fences) and its
associated transmembrane proteins (pickets). Since the
entire plasma membrane is partitioned by these structures,
and the membrane skeleton provides important platforms for
the molecular interactions and pools, membrane compart-
ments are the most basic tier for the plasma membrane
organization.

[Tier 2] Meta-stable 1-5 nm raft domains that can be turned
into stable ~10-20-nm domains (receptor-cluster rafts),
based on ligand-induced homo-dimers of glycosylpho-
sphatidylinositol (GPl)-anchored receptors (coupling with
[Tier 3]) and facilitated by raft-lipid interactions.

[Tier 3] Protein complexes of various sizes (3-10 nm) and
lifetimes.

| will also talk about how domains of Tiers 2 and 3 are cou-
pled to the membrane partitioning (Tier 1). The concept of the
three-tiered domain architecture of the plasma membrane
and the cooperative interactions of different tiers provides a
good perspective for understanding the mechanisms for
signal transduction and many other functions of the plasma
membrane.
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P-010

Effects of electromagnetic fields on interaction
between Norfloxacin and Human Serum Albumin

0. Azimi', H. Salari', Z. Emami?, J. Chamani’
"Department of Biology, Faculty of Sciences, Islamic Azad
University-Mashhad Branch, Mashhad, Iran, 2Department
of Physics, Faculty of Sciences, Islamic Azad University-

Mashhad Branch, Mashhad, Iran

Keywords: Human serum albumin, Norfloxacin, fluores-
cence, electromagnetic fields

Introduction: In the present study we investigate the effects
of electromagnetic fields (EMF) on the binding of Norfloxacin
(NRF) to Human Serum Albumin (HSA) by fluorescence,
three-dimensional fluorescence and uv-visible spectroscopic
approaches. HSA is the most abundant protein in human
blood plasma which works as a carrier that transports dif-
ferent materials in the body. NRF is used to treat variety of
bacterial infections. It works by stopping the bacterial growth.
Methods: HSA, NRF and potassium phosphate buffer were
purchased from sigma. Fluorescence Spectrofluorometer,
UV-vis spectrophotometer, Three-dimensional fluorescence
and a home-built EMF generator apparatuses were used.
Results: Results obtained from this study indicated that NRF
has a strong ability to quench HSA in 280 nm. In addition,
there was a slight blue shift, which suggested that the
microenvironment of protein became more hydrophobic after
addition of NRF. Moreover, synchronous fluorescence dem-
onstrated that the microenvironment around Tyrosine (Tyr)
had a trivial increase. These, and the results of HSA-NRF in
the presence of EMF with 1 KHz, illustrates the same results
inferred from quenching and blue shift. However, there was a
significant decrease in Ksy of NRF with HSA in presence of
EMF exposure. Moreover, the binding parameters including
the number of binding sites and the binding constant were
calculated form Hill equation.

Conclusion: It was shown that NRF could induce confor-
mational changes in HSA both in the absence and presence
of EMF with no significant difference. Yet, the affinity is
decrease significantly in the presence of EMF. The clinical
implications are discussed in detail.

P-012

Characterization of the biochemical properties

and biological function of the formin homology domains
of drosophila daam

Szilvia Barké'*, Beata Bugyi?*, Marie-France Carlier?,

Rita Gombos®, Tamas Matusek®, Jozsef Mihaly®

and Miklos Nyitrai'

1University of Pécs, Faculty of Medicine, Department

of Biophysics, Pécs, Szigeti str. 12, H-7624, Hungary,
2Cytoskeleton Dynamics and Motility, Laboratoire
d’Enzymologie et Biochemie Structurales, Centre National
de la Recherche Scientifique, 1 Avenue de la Terrasse,
91198, Gif-sur-Yvette, France, 3Bio/ogical Research Center
of the Hungarian Academy of Sciences, Institute of Genetics,
Szeged, Temesvari krt. 62, H-6726, Hungary

* These authors contributed equally to this work.
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We characterised the properties of Drosophila melano-
gaster DAAM-FH2 and DAAM-FH1-FH2 fragments and
their interactions with actin and profilin by using various
biophysical methods and in vivo experiments. The results
show that while the DAAM-FH2 fragment does not have
any conspicuous effect on actin assembly in vivo, in cells
expressing the DAAM-FH1-FH2 fragment a profilindepen-
dent increase in the formation of actin structures is
observed. The trachea specific expression of DAAM-FH1-
FH2 also induces phenotypic effects leading to the col-
lapse of the tracheal tube and lethality in the larval
stages.

In vitro, both DAAM fragments catalyze actin nucleation but
severely decrease both the elongation and depolymerisa-
tion rate of the filaments. Profilin acts as a molecular switch
in DAAM function. DAAM-FH1-FH2, remaining bound to
barbed ends drives processive assembly of profilin-actin,
while DAAM-FH2 forms an abortive complex with barbed
ends that does not support profilinactin assembly. Both
DAAM fragments also bind to the sides of the actin fila-
ments and induce actin bundling. These observations show
that the Drosophila melanogaster DAAM formin represents
an extreme class of barbed end regulators gated by
profilin.

P-013

Electron spin echo studies of free chain-labelled stearic
acids interacting with p-lactoglobulin

Rita Guzzi, Luigi Sportelli, Rosa Bartucci

Dipartimento di Fisica, Universita della Calabria, 87036
Rende (CS), Italy

p-lactoglobulin (SLG) binds non-covalently fatty acids within
its central calyx, a cavity in the barrel formed by the strands
BA- BH.

We present results of pulsed Electron Paramagnetic Reso-
nance (EPR) spectroscopy on the interaction of LG with
stearic acids spin-labelled at selected positions, n, along the
acyl chain (n-SASL, n = 5,7,10,12,16).

D,0O-Electron Spin Echo Envelope Modulation (ESEEM)
Fourier transform spectra indicate that all segments of the
bound chains in the protein binding site are accessible to the
solvent. The extent of water penetration decreases pro-
gressively on moving from the first segments toward the
terminal methyl end of the chain. About 50% of the nitroxides
in the upper part of the chain (n = 5,7) are H-bonded by a
single water molecule and this fraction reduces to 30% at the
chain terminus (n = 12,16). A lower fraction of the nitroxides
are H-bonded by two water molecules, and it decreases from
about 15% to a vanishingly small value on going down the
chain.

Echo-detected ED-EPR spectra reveal subnanosecond
librational motion of small amplitude for both 5- and 16-SASL
in the protein cavity. The temperature dependence of the
librations is more marked for 16-SASL and it arises mainly
from an increase in librational amplitude with increasing
temperature.
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P-014
Interaction of two putative fusion peptides from SARS-
CoV glycoprotein with model membranes
Luis G.M. Basso', Antonio J. Costa-Filho"?

University of Sao Paulo, Sao Carlos, Brazil, 2University
of Sao Paulo, Ribeirao Preto, Brazil

Fusion peptides (FP) pertaining to the spike glycoprotein
from severe acute respiratory syndrome (SARS) coronavi-
rus are essential for the fusion between viral and host
cellular membranes. Here we report a biophysical charac-
terization of the interaction of two putative FPs with model
membranes. Fluorescence and DSC experiments showed
that both peptides bind stronger to anionic than to zwit-
terionic lipid membranes. ESR spectra showed that TOAC-
SARSp rotational dynamics is modulated by lipid com-
position and pH as compared to the spectrum of this
peptide in solution. However, stearic acid spin labels
reported no changes on the dynamic structure of zwitter-
ionic micelles, whereas the whole chain of anionic
surfactants was perturbed by the peptides. Finally, CD data
revealed a predominant fS-strand structure for SARSEp and
an o-helix for SARSgp in the presence of micelles, in
contrast to their disordered structures in buffer. Overall the
results point out that electrostatic and hydrophobic inter-
actions are both important to the energetic behavior of
peptide membrane interaction. These findings might pro-
vide a useful rationale for the elucidation of one of the
steps involved in the fusion process, and thus help
understanding the more general way of action of FPs at a
molecular level.

P-015

Interaction of filamentous actin and ezrin within surface
modified cylindrical nanopores

Daniela Behn'? and Claudia Steinem'

Institute for Organic and Biomolecular Chemistry, University
of Géttingen, Tammannstral3e 2, 37077 Géttingen, Germany,
2GGNB doctoral program: IMPRS — Physics of Biological
and Complex Systems

Ezrin is a member of the ezrin-radixin-moesin (ERM) protein
family that acts as a dynamic linker between the plasma
membrane and the actin cytoskeleton and is hence involved
in membrane organization, determination of shape and sur-
face structures and other cellular processes. The protein is
highly enriched in microvilli of polarized epithelial cells, where
it binds filamentous actin (F-actin) with its C-terminal domain,
while the N-terminal domain is connected to the plasma
membrane via specific binding to L-z-phosphatidylinositol-
4,5-bisphosphate (PIP,).

Nanoporous anodic aluminum oxide (AAO) films provide
similar dimensions as microvilli and are thus a versatile
template to investigate the interaction of ezrin with F-actin
within spationally confined areas. Owing to their optical
transparency, functionalized AAOs can be used to measure
the binding process of ezrin to a PIP, containing solid sup-
ported membrane by means of time resolved optical
waveguide spectroscopy (OWS).

Confocal laser scanning microscopy (CLSM) will elucidate,
whether F-actin binding to ezrin takes place within or atop the

nanopores. Furthermore, elasticity mapping of F-actin fila-
ments by means of atomic force microscopy will allow
determining binding forces and the lateral tension of the actin
cytoskeleton.

P-017

In vitro application of porphyrin photosensitisers
on MCF7, HeLa and G361 tumour cell lines

Binder S., Kolarova H., Bajgar R., Tomankova K.,
Daskova A.

Deparment of Medical Biophysics, Faculty of Medicine
of Palacky University, Olomouc, Czech Republic

Tumour treatment presents a challenge to all scientists and
clinicians. Contemporary methods like radiotherapy, chemo-
therapy or surgery have many undesirable side effects.
Photodynamic therapy (PDT) seems to be one of alternatives
which can be helpful in malignant cell therapy. PDT is not
only limited to cancer treatment but is also used as an
alternative for cardiovascular, skin and eye disease treat-
ment. PDT employs photosensitive agents which need to be
activated by light which is not harmful to a patient. The
activated photosensitive agent provokes a formation of
reactive oxygen species leading to cell damage or death.
The phototoxicity of the two porphyrin photosensitizer
(TMPyP, ZnTPPS4.12H,0) on the malignant cell lines (G361,
HelLa, MCF?7) irradiated with the 1 Jem~2 doses was evalu-
ated by ROS production assay, MTT assay and comet assay.
Our results indicate higher efficiency of TMPyP over
ZnTPPS,4.12H,0. As for the photodynamic effectiveness of
the used photosensitizers on chosen cell lines we found that
HelLa cell line is the most sensitive to phototoxic damage
induced by TMPyP.
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nmR analysis of the Respiratory syncytial virus M2-1
protein structure and of its interaction with some of its
targets

C. Sizun’, M.-L. Blondot?, V. Dubosclard?, F. Bontems”,
J.-F. Eléouét?

TInstitut de Chimie des Substances Naturelles, CNRS
UPR2301, Gif-sur-Yvette, France, 2Unité de Virologie et
Immunologie Moléculaires, INRA UR892, Jouy-en-Josas,
France

The respiratory syncytial virus (RSV) is a major cause of
acute respiratory tract infections (bronchiolitis, pneumonia) in
human and a leading cause of viral death in infants and
immunocompromised patients. RSV genome is formed of a
single non-segmented negative strand RNA which transcrip-
tion and replication is ensured by a specific RNA-dependent
RNA polymerase complex formed of the large (L) polymerase
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subunit and of several cofactors. This complex has no cellular
counterpart and represents an ideal target for antiviral drugs.
Among the cofactors, M2-1 acts as an antitermination factor
and increases the polymerase processivity. Its central
domains has been shown, in vitro, to bind the phosphoprotein
P and genomic RNA in a competitive manner. Here we report
the nmR structure of this central domain and its interaction
with P and RNA fragments. M2-1 shares structural similarity
with VP30, a transcription factor of Ebola virus. The binding
surfaces for RNA and P are distinct but overlapping. RNA
binds to a basic cluster located next to residues found to be
critical for transcription both in vitro and in vivo by mutational
analysis. We speculate that M2-1 might be recruited by P to
the transcription complex, where interaction with RNA takes
place, stabilized by additional elements.

P-019

Force spectroscopy at the membrane-cytoskeleton

interface: interactions between ezrin and filamentous

actin

Julia A. Braunger'?, Ingo Mey' and Claudia Steinem’
Institute for Organic and Biomolecular Chemistry, Georg-

August-University of Géttingen, Tammannstral8e 2, 37077
Géttingen, Germany, 2GGNB doctoral program: IMPRS -

Physics of Biological and Complex Systems

Ezrin, a member of the ERM (ezrin/radixin/moesin) protein
family, provides a regulated linkage between the plasma
membrane and the actin cytoskeleton. It contributes to the
organization of structurally and functionally distinct cortical
domains participating in adhesion, motility and fundamental
developmental processes. Ezrin is negatively regulated by an
intramolecular interaction of the terminal domains that masks
the F-actin binding site. A known pathway for activation
involves the interaction of ezrin with phosphatidylinositol 4,5-
bisphosphate (PIP;) in the membrane, followed by phos-
phorylation of the threonine 567 residue in the C-terminal
domain. To date, it is unclear to what extent both regulatory
inputs contribute to the activation.

We developed an in vitro system that facilitates the specific
analysis of the interaction forces between ezrin and F-actin
by means of atomic force spectroscopy (AFM). Applying
ezrin wild type and the pseudophosphorylated mutant protein
ezrin T567D, respectively, permits to monitor the individual
influence of phosphorylation on the F-actin-ezrin interaction.
Thus, a thorough characterization of the acting forces at the
ezrin-actin interface will elucidate the activation mechanism
of ezrin.

P-020

PEG-ylated LDL particles: a potential drug delivery
system

Diana Buzova', Peter Kasak?, Daniel Jancura’,

Pavol Mikovsky'

"Department of Biophysics, P.J. Safarik University, Kosice,
Slovakia, 2Polymer Institute SAS, Bratislava, Slovakia

Low-density lipoproteins (LDL) have proven to be useful
vehicles for lipophilic drugs to cancer cells. To make this
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delivery system even more efficient, we have constructed
nano-carrier by coating of LDL by polyethylene glycol (PEG).
The hydrophilicity of PEG should reduce the interaction of
LDL with other serum proteins and consequently decrease
the redistribution of loaded drug from LDL to the (lipo)pro-
teins. Dynamic light scattering was used for determination of
hydrodynamic radius of LDL-PEG particles. CD spectros-
copy measurements didn’t reveal structural changes of
apoliprotein B-100 (ligand for LDL receptors on cell surface),
after conjugation of PEG with LDL. Interaction of LDL-PEG
complexes with hypericin (Hyp) a natural photosensitizer was
studied by fluorescence spectroscopy. We have demon-
strated accumulation of higher number of Hyp in LDL-PEG
than LDL particles. However, the kinetics of Hyp redistribu-
tion from Hyp/LDL-PEG complex to free LDL have similar
parameters as those for the kinetics of Hyp transfer between
non-modified LDL molecules. We suggest that Hyp mole-
cules are mostly localized in the vicinity of the surface of the
LDL-PEG particles and they are prone to redistribution to
other serum proteins.
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Reactivity of aminophospholipid’s polar head

with glucose and arabinose

C. Caldés, B. Vilanova, M. Adrover, J. Frau, J. Donoso

and F. Muioz

Institute of Health Sciences Research (IUNICS), Department
of Chemistry, University of Balearic Islands, Palma de
Mallorca, Spain

Modification of the head-group of aminophospholipids by
glycation and subsequent lipid oxidation affect membrane’s
structure causing cell death.” These processes are involved
in the pathogenesis of aging? and diabetes.® Non-enzymatic
glycation forms in the first step a Schiff base (SB), which
rearranges to a more stable ketoamine, Amadori product,
which leads to the formation of a heteregenous group of
compounds (AGEs). Although several studies have been
focused on identification of aminophospholipid glycation
products,* less attention has been paid to kinetic mechanism
of the reaction. For that reason, in the present work, we
compare the kinetic reactivity of polar head-group of phos-
phatidylethanolamine (PE) and phosphatidylserine (PS), the
two target phospholipids components of mammalian cell
membranes. The reaction of PE and PS’s head-group with
glycating compounds (glucose and arabinose) was studied in
physiological conditions by using nmR spectroscopy. The
obtained formation rate constants for SB are lower than
those determined for the SB of the peptide Ac-Phe-Lys with
the same carbohydrates.® It suggests that the phosphate
group may delay the glycation process. Moreover, the PS’s
head-group has a carboxilic group in the structure, which
affects the stability of the SB.
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Chem., 1999, 80, 165-177.
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P-022

Ultrasensitive protein detection in nano-immuno assays
based on DNA directed immobilization and atomic force
microscopy nanografting

L. Casalis, F. Bano, L. Fruk, B. Sanavio, P. Parisse,

A. Bosco, A. De Simone, C. Micheletti, G. Scoles
Sincrotrone Trieste S.C.p.A., Trieste, ltaly

We developed ultrasensitive, ELISA-like nanoimmuno
assays suitable for proteomics/interactomics studies in low
sample volumes. We exploit the approach of DNA microarray
technologies applied to proteomics [1], in combination with
atomic force microscopy (AFM) to generate functional protein
nanoarrays: semisynthetic DNA-protein conjugates are
immobilized by bioaffinity within a nanoarray of comple-
mentary ssDNA oligomers produced by AFM nanografting
(NG). A nanoarray of different antibodies or synthetic
molecular binders can be generated in a single operation,
once the DNA nanoarray is produced. Moreover, NG allows
adjusting the packing density of immobilized biomolecules to
achieve optimum bio-recognition.

AFM-based immunoassays with these nanoarrays were shown
to achieve detection limit of hundreds of femto Molar, in few
nanoliters volumes, with very high selectivity and specificity [2].
To detect the hybridization efficiency of our devices, we run a
combined experimental-computational study that provides
quantitative relations for recovering the surface probe density
from the mechanical response (AFMcompressibility mea-
surements) of the sample.

[11 C.M. Niemeyer,
Wiley-VCH (2004))
[2] F. Bano et al., Nano Lett (2009) 9 (7) pp. 2614-8

in Nanobiotechnology (Weinheim:
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Distinct ubiquitin binding modes exhibited by the SH3
domains of CD2AP
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SH3 domains form a highly conserved family of protein
domains. Recently, they were identified as a new class of
ubiquitin binding domains. Several mechanistic differences

have been proposed for ubiquitin binding to SH3 domains
involved in the immune signaling pathway. A key affinity and
specificity determinant has been appointed to residue Phe409
in Sla1 SH3-3 domain. We previously showed that the third SH3
domain (SH3-C) of CD2 associated protein (CD2AP), which
possesses that key phenylalanine residue (Phe324), indeed
binds to ubiquitin butin a different orientation to thatin Sla1 SH3-
3. In this work, we have performed structural and mutational
analysis of the three SH3 domains of CD2AP and the third SH3
domain of CIN85. We have found that the first and second SH3
domains of CD2AP bind ubiquitin in a similar orientation to that
in Sla1 SH3-3, as opposed to the third one, despite the high
sequence homology the three CD2AP-SH3 domains share. We
have also shown that SH3 domains displaying this different
ubiquitin binding mode interact with higher affinity to ubiquitin
molecules with extended C-terminus. We conclude that the
CD2AP SH3-C interaction with ubiquitin constitutes a new
ubiquitin binding mode involved in a different cellular function,
thus changing the previously established mechanism of EGF-
dependent CD2AP/CIN85 monoubiquitination.

P-024

Virtual screening for the discovery of authentic
inhibitors against cytosolic 5’-nucleotidase II:
therapeutic use and benefit in cancer treatment
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'CPBS-UMR 5236, CNRS - Université Montpellier Sud de
France, 1919 route de Mende, 34293 Montpellier cedex 5,
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biologie et Chimie des Protéines- UMR 5086, 7 passage du
Vercors, 69367 Lyon cedex 07, France, 31 aboratoire de
Cytologie Analytique — INSERM U590 — Faculté de
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Nucleoside analogues used as anticancerous drugs can
be rapidly degraded within treated cells, constituting a
major obstacle of their therapeutic efficiency. Among the
enzymes responsible for this degradation, the cytosolic 5’-
nucleotidase Il (cN-Il) catalyses the hydrolysis of some
nucleoside monophosphates. In order to improve the effi-
cacy of anticancerous drugs and to define the precise role
of cN-ll, new original inhibitors have been developed
against cN-Il. Virtual screening of chemical libraries on the
crystal structure has allowed us to identify very promising
candidates that turned to be competitive inhibitors of cN-II.
One molecule was included in the anticancerous treatment
of tumoral cell lines in order to evaluate the potential
benefit and could induce in fine a sensitization of certain
anticancerous drugs. We also explore other inhibitors tar-
geting the allosteric sites of this enzyme using a strategy
that takes into account the dynamics of cN-Il. The chem-
ical structures of the newly identified allosteric inhibitors as
well as the atomic interactions with enzyme residues will
be presented. The final goal of this study is to find
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molecules that can freeze the enzyme in a conformation
for which its dynamics is severely limited and therefore its
function.

0-025

Native mass spectrometry to Decipher interactions
between biomolecules

Sarah Cianferani

Laboratoire de Spectrométrie de Masse Bio-Organique,
Université de Strasbourg, IPHC, 25 rue Becquerel 67087
Strasbourg, France. CNRS, UMR7178, 67037 Strasbourg,
France

Mass spectrometry is generally understood as “molecular
mass spectrometry” with multiple applications in biology
(protein identification using proteomic approaches, recombi-
nant protein and monoclonal antibody characterization). An
original and unexpected application of mass spectrometry
emerged some twenty years ago: the detection and the
characterization of intact biological noncovalent complexes.
With recent instrumental improvements, this approach, called
native MS, is now fully integrated in structural biology pro-
grams as a complementary technique to more classical
biophysical approaches (NMR, crystallography, calorimetry,
SPR, fluorescence, etc.).

Native MS provides high content information for multiprotein
complexes characterization, including the determination of
the binding stoichiometries or oligomerization states, site-
specificities and relative affinities. Recent developments
of ion mobility / mass spectrometry instruments (IM-MS)
provide a new additional level for MS-based structural char-
acterization of biomolecular assemblies allowing size and
shape information to be obtained through collisional cross
section measurements.

These different aspects of native MS for structural charac-
terization of biomolecular assemblies will be illustrated
through several examples, ranging from multiprotein-com-
plexes to protein/nucleic acid assemblies.

P-026

Atomic Force Microscopy in study of gum-arabic/
chitosan complexes

Silvia Maria de Castro Coelho, Sandra Rocha, Manuel
Coelho, Maria do Carmo Pereira

LEPAE, Chemical Engineering Department, Faculty
of Engineering, University of Porto, Rua Roberto Frias,
4200-465 Porto, Portugal

Complex coacervation is a process which may result by
electrostatic interaction between charged polysaccharides. It
depends essential on pH, ionic strength and biopolymers
properties like ratio, concentration and charge density.

In this case, the main work was to study the structural
properties of a colloidal system of opposite charge — chitosan
and gum-arabic by atomic force microscopy (AFM).
According to some of complexes show tendency to
agglomerate. This depends on the molar ration of the mac-
romolecules and their relative molecular weights.

@ Springer

AFM micrographs show, too, that some formation of irregular
aggregates by both polymers were due to presence of non-
charged polar monomers in chitosan molecule.

At higher gum-arabic/chitosan ratios biopolymer concentra-
tions, coacervates appear like a core-shell miccelar
structure composed of hydrophobic core (charge neutral-
ized segments) stabilized by the excess component
(positive zeta potential) and non-charged segments of gum
arabic.

P-027

Interaction of human serum albumin with rutin
theoretical and experimental approaches

icaro P Caruso', Wagner Villegas?, Marinonio L Cornelio’
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2Instituto de Quimica (IQ), Sdo Paulo State University,
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Human serum albumin (HSA) is the principal extracellular
protein with a high concentration in blood plasma and carrier
for many drugs to different molecular targets. Flavonoids are
a large class of naturally occurring polyphenols widely dis-
tributed in plants. Rutin (quercetin-3-rutinoside) is the
glycoside between flavonoids quercetin and disaccharide
rutinose. Like other flavonoids, rutin displays anti-inflamma-
tory and anti-oxidant properties. The interaction between
HSA and rutin was investigated by fluorescence spectros-
copy, ab initio and molecular modeling calculations.
Fluorescence titration was performed by keeping the HSA
concentration (4 pM) constant and stoichiometrically varying
the rutin concentration (1—4 pM). The emission spectra were
obtained in the range of 305 to 500nm, with the excitation
wavelength at 295nm. The obtained fluorescence data were
corrected for background fluorescence and for inner filter
effects. The Stern-Volmer quenching constant values were
3.722 x 10° and 1.868 x 10° M~' at 298 and 303K,
respectively. From the modified Stern-Volmer association
constants 2.285 x 10° (at 298 K) and 2.081 x 10° M~
(at 303 K) were calculated the thermodynamic parameters
AH = 14.048 KJ mol™", AGagsx = —30.557 KJ mol~" and
AGj3p3 k = —30.834 KJ mol~", and AS = 55.4 KJ mol~' K~".
Fluorescence quenching method was used also to study the
binding equilibria thus determining the number of binding
sites 1.085 and 1.028, and binding constant 1.094 x 10° M~"
and 0.255 x 10° M~ at 298 and 303 K, respectively. The
efficient quenching of the Trp214 fluorescence by rutin indi-
cates that the binding site for the flavonoid is situated within
subdomain //A of HSA. The distance r = 2.397 nm between
the donor (HSA) and the acceptor (Rutin) was obtained
according to fluorescence resonance energy transference
(FRET). Wavelength shifts in synchronous fluorescence
spectra showed the conformation of HSA molecules is
changed in the presence of rutin.

The structure of rutin utilized in molecular modeling calcula-
tion was obtained by Gaussian 98 program. The optimization
geometry of rutin was performed in its ground states by using
ab initio DFT/B3LYP functional with 6-31G(d,p) basis set
used in calculations. The molecular electrostatic potential
(MEP) was calculated to provide the molecular charge
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distribution of rutin. The gap energy value between the
HOMO and LUMO of the rutin molecule was about 4.22 eV
which indicates that rutin is classified as a reactive molecule.
From molecular modeling calculation the interaction between
HSA and rutin was investigated using the AutoDock program
package. The three-dimensional coordinates of human
serum albumin were obtained from the Protein Data Bank
(entry PDB code 1A06) and of rutin were obtained from
output optimization geometry of DFT. The best energy
ranked result shows that rutin is localized in the proximity of
single tryptophan residue (Trp214) of HSA that is in agree-
ment with the fluorescence quenching data analysis.

P-029

The effect of Toxofilin on the structure of monomeric
actin

Livia Czimbalek, Veronika Kollar, Roland Kardos, Gabor Hild
University of Pécs, Faculty of Medicine, Department

of Biophysics, Pécs, Hungary

Actin is one of the main components of the intracellular
cytoskeleton. It plays an essential role in the cell motility,
intracellular transport processes and cytokinesis as well.
Toxoplasma gondii is an intracellular parasite, which can
utilise the actin cytoskeleton of the host cells for their own
purposes. One of the expressed proteins of T. gondii is the 27
kDa-sized toxofilin. The long protein is a monomeric actin-
binding protein involved in the host invasion.

In our work we studied the effect of the actin-binding site of
toxofilingg.19s ON the G-actin. We determined the affinity of
toxofilin to the actin monomer. The flourescence of the actin
bound ¢-ATP was quenched with acrylamide in the presence
or absence of toxofilin. In the presence of toxofilin the
accessibility of the bound ¢-ATP decreased, which indicates
that the nucleotide binding cleft is shifted to a more closed
conformational state.

The results of the completed experiments can help us to
understand in more details what kind of cytoskeletal changes
can be caused in the host cell during the invasion of the host
cells by intracellular parasites.

P-030

Porphyrin conjugates in virus inactivation—role

of porphyrin binding and singlet oxygen production
Bianka Tamas', Katalin T6th?, Gabor Mez6°,
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Here we tested the virus inactivation capability of tetra-peptide
conjugates of meso-tri(4-N-methylpyridyl)-mono-(4-carboxy-
phenyl)porphyrin  (TMPCP) or meso-5,10-bis(4-N-methyl-
pyridyl)-15,20-di-(4-carboxyphenyl)porphyrin (BMPCP) in the
dark and upon irradiation.

T7 bacteriophage, as a surrogate on non-enveloped viruses
was selected as a test system. Both TMPCP and BMPCP
and their peptide conjugates proved to be efficient photo-
sensitizers of virus inactivation. The binding of porphyrin to
phage DNA was not a prerequisite of phage photosensiti-
zation, moreover, photoinactivation was more efficiently
induced by free than by DNA bound porphyrin.

Mechanism of photoreaction (Type |. versus Type Il) and the
correlation between DNA binding, singlet oxygen production
and virus inactivation capacity was also analyzed.

DNA binding reduced the virus inactivation due to the
reduced absorbance and singlet oxygen production of bound
photosensitizer, and altered mechanism of photoinactivation.
As optical melting studies of T7 nucleoprotein revealed,
photoreactions of porphyrin derivatives affected the struc-
tural integrity of DNA and also of viral proteins, even if the
porphyrin did not bind to NP or was selectively bound to
DNA.
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Antimicrobial photodynamic therapy of porphyrins
on bacterial cells
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Photodynamic therapy is usually used against malignant and
non-malignant tumors. Nowadays due to resistance of bac-
terial strains we look for a new antimicrobial strategy to
destroy bacteria with minimal invasive consequences.
Development antimicrobial technology combines nontoxic
photosensitizer, visible light of appropriate wavelength and
generation reactive oxygen species. In this work photosen-
sitizers TMPyP and ZnTPPS4 are investigated for
photodynamic antimicrobial therapy. We tested these two
photosensitizers on two bacterial strains for comparison:
Gram — positive S. aureus and Gram — negative P. aerugin-
osa. We applied photosensitizers alone and bound in the
complex created with hp-fS-cyclodextrin and we compared
the effectiveness to bacteria. The light emitting diodes (LEDs
414 nm) were used as a source in PDT at the doses 0, 25, 50
and 100 J. Bacteria were grown in the presence of photo-
sensitizers at the concentration from 0.78 to 100 uM. Up to
now our result suggest that TMPyP and ZnTPPS4 are effi-
cient alone and the efficiency even more increases in
complex created with hp-f-cyclodextrin.

This work was supported by the grant projects 2192/2011/G3
from the Ministry of Education, Youth and Sports of the
Czech Republic, 303/09/H048 from the Czech Science
Foundation, CZ.1.05/2.1.00/01.0030 and LF_2011_009.

@ Springer



S44

Biomolecular interactions

P-032

Characterization of tetracaine: cyclodextrin inclusion
complexes by nuclear magnetic resonance
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Anesthesia is a medical milestone (Friedman & Friedland,
Medicine’s 10 Greatest Discoveries, 2000) and local anes-
thetics (LA) are the most important compounds used to
control pain in surgical procedures. However, systemic tox-
icity is still a limitation for LA agents as well as low solubility,
as for tetracaine (TTC). Approaches to improve LA effects
include macrocyclic systems formation, such as in cyclo-
dextrins (CD). We have studied complexes formed between
TTC and B-CD or hydroxylpropyl (HP)--CD through nmR
and other (UV-VIS, fluorescence, DSC and X-ray diffraction)
techniques. At pH 7.4 a 1:1 stoichiometry of complexation
was detected for both complexes, with association constants
of 777 M~" and 2243 M~ for TTC:$-CD and TTC:HP-$-CD,
respectively. The nuclear overhauser nmR data disclosed
trough the space proximities between hydrogens H,, and H; -
at the aromatic ring of TTC - and hydrogens from the inner
cavity of the cyclodextrins, allowing us to propose the
topology of TTC:CD interaction. Complex formation did not
curb TTC association with model (liposomes) and biological
membranes since the total analgesic effect (infraorbital nerve
blockade in rats) induced by 15mM TTC increased 36% upon
complexation. Supported by (FAPESP # 06/121-9, 03838-1)
Brazil.
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ITC as a general thermodynamic and kinetic tool to study
biomolecule interactions

Philippe Dumas’, Dominique Burnouf', Eric Ennifar’,
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Isothermal Titration Calorimetry (ITC) is a powerful technique
for thermodynamic investigations that is little used to obtain
kinetic information. We have shown that, in fact, the shape of
the titration curves obtained after each ligand injection is
strictly governed by the kinetics of interaction of the two
partners. A simple analysis allowed us to explain several
facts (e.g. the variation of time needed to return to equilibrium
during a titration experiment). All simplifications were further
released to obtain a very realistic simulation of an ITC
experiment. The method was first validated with the binding
of the Nevirapine inhibitor onto the HIV-1 Reverse trans-
criptase by comparison with results obtained by Biacore™.
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Importantly, for more complex systems, the new method
yields results that cannot be obtained in another way. For
example, with the E. coli transcription-regulator Thiamine
PyroPhosphate riboswitch, we could resolve kinetically and
thermodynamically the two important successive steps: (1)
the binding of the TPP ligand and (2) the subsequent RNA
folding. Our results show that initial TPP binding is controlled
thermodynamically by TPP concentration, whereas the
overall transcription regulation resulting from RNA folding is
kinetically controlled.
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Leukocyte trafficking into inflamed tissues from the blood
vessels is essential in maintaining health. Human membrane
primary amine oxidase (hAOC3) is involved in this trafficking.
The mechanism of the role of hAOC3 in the trafficking is
unknown, but its amine oxidase activity is important.
Recently the first hAOC3 counter molecule was identified
being sialic acid binding Ig-like lectin -10 (Siglec-10; Kivi
et al., 2009, Blood 114:5385-5392). Siglec-10 is an adhesion
molecule expressed on the B-cells, monocytes and eosino-
phils. The hAOC3 binding of Siglec-10 site has been
suggested to be in the second C2 domain of Sigec-10. For
the characterization of hAOC3/Siglec-10 interaction we have
cloned Siglec-10 fragments and produced the protein in
insect cells. We have been able to demonstrate specific
interaction between hAOC3 and Siglec-10 fragment. In
addition, the fragment is processed by hAOC3. This is the
first time that natural ligand of hAOC3 has been shown to be
processed using purified proteins.
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Investigating the oligomerization state of cyan
fluorescent protein, from cell cytoplasm to solution
Agathe Espagne,’ Marie Erard,’ Ronald Melki,? Héléne
Pasquier” and Fabienne Mérola’

"Laboratoire de Chimie Physique, Université Paris-Sud
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The sensitivity of GFP-like fluorescent proteins to their
environment is a potential source of artifacts in protein-pro-
tein interaction studies based on FRET. Besides parameters
that vary in the course of metabolic processes, such as pH or
reactive oxygen species concentration, protein expression
level is likely to influence the fluorescence properties of
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GFPs, due to their tendency to dimerize at high concentra-
tion. We have characterized for the first time the self-
association properties of CFP (Cyan Fluorescent Protein),
the fluorescent protein mostly used as FRET donor. We
found that the fluorescence quenching observed at high
expression level in the cell cytoplasm and the fluorescence
depolarization measured at high concentration in vitro are
insensitive to the A206K mutation, shown to dissociate other
GFP dimers. Both phenomena are satisfactorily accounted for
by a model of non-specific homo-FRET between CFP mono-
mers due to molecular proximity. Modeling the expected
contributions to fluorescence depolarization of rotational diffu-
sion, homo-FRET within a hypothetical dimer and proximity
homo-FRET shows that CFP has a homo-affinity at least 30
times lower than GFP. This difference is due to an intrinsic
mutation of CFP (N146l), originally introduced to increase its
brightness and that by chance also disrupts the dimers.
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Coupling of the hydration shell of B-DNA

to conformational substates and peptide recognition
studied by time-resolved FTIR spectroscopy
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Biomolecular recognition typically proceeds in an aqueous
environment, where hydration shells are a constitutive part of
the interacting species. The coupling of hydration shell
structure to conformation is particularly pronounced for DNA
with its large surface to volume ratio. Conformational sub-
states of the phosphodiester backbone in B-DNA contribute
to DNA flexibility and are strongly dependent on hydration.
We have studied by rapid scan FTIR spectroscopy the iso-
thermal B-B, transition on its intrinsic time scale of seconds.
Correlation analysis of IR absorption changes induced by an
incremental growth of the DNA hydration shell identifies
water populations w; (PO%-bound) and w, (non-PO3-bound)
exhibiting weaker and stronger H-bonds, respectively, than
those in bulk water. The B, substate is stabilized by w,. The
water H-bond imbalance of 3-4 kJ mol~" is equalized at little
enthalpic cost upon formation of a contiguous water network
(at 12-14 H,O molecules per DNA phosphate) of reduced
Y(OH) band width. In this state, hydration water coopera-
tively stabilizes the B, conformer via the entropically favored
replacement of w»-DNA interactions by additional w,-water
contacts, rather than binding to Bj-specific hydration sites.
Such water rearrangements contribute to the recognition of
DNA by indolicidin, an antimicrobial 13-mer peptide from
bovine neutrophils which, despite little intrinsic structure,
preferentially binds to the B, conformer in a water-mediated
induced fit. In combination with CD-spectral titrations, the
data indicate that in the absence of a bulk agueous phase, as
in molecular crowded environments, water relocation within
the DNA hydration shell allows for entropic contributions
similar to those assigned to water upon DNA ligand recog-
nition in solution.
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Transient and low affinity interactions within the cell can be
enhanced by the combination of more than one domain. Up
to now most of the effort has been put on the study of the
regulation in the affinity and specificity of the binding to
isolated single domains but little is known about the effect
of the presence of a second or third domain. Multiple
examples of proteins containing tandem domains exist in
the genome like the CIN85/CMS family of adaptor proteins.
In this family all three N-terminal SH3 domains are involved
in a wide variety of different interactions, they share higher
similarity among themselves than to any other SH3
domains, suggesting an overlapping specificities in binding.
CD2 associated protein (CD2AP) is an adaptor protein and
belongs to this family, its N-terminus consists of three SH3
domains and the interaction of each one of them with its
target(-s) might be ultimately modulated by the presence of
its next-door-neighbor. In this work we present the
expression and purification of the tandem CD2AP-SH3A/
SH3B produced by segmental labeling techniques that
allow us to express the domains with different isotopic
label, improving the nmR signal and facilitating to study the
interaction of the natural ligand in the presence of next-
door-neighbor domain.
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Kinetics of the interaction of DDP with DNA and nuclear
proteins

Maria Feofilova'?, Mikhail Ogarkov?,

Alexander Polyanichko'2, Elena Chikhirzhina'

TInstitute of Cytology of the Russian Academy of Sciences,
Saint-Petersburg, Russia, 2Faculty of Physics of Saint-
Petersburg State University, Saint-Petersburg, Russia

Platinum based coordination compounds are considered
some of the most effective anti-tumor drugs. One of the most
effective compounds in this group is cisplatin (cis-diammin-
edichloroplatinum(ll) or cis-DDP). It is used in treatment of
several types of tumors, yet its detailed mechanism of action
remains unknown.

The anti-tumor mechanism of cis-DDP is based on its ability
to form DNA crosslinks. It has been shown that sulfur con-
taining amino acids are possible intermediates for DNA-
cisplatin interactions. Proteins that contain such amino acids
may be involved in transportation of cis-DDP into the cell
nucleus. One of the most interesting examples of such a
protein is non-histone protein HMGB1, which demonstrates
an ability to interact with the DDP molecule. It has also been
shown that HMGB- proteins preferentially bind to DNA plat-
inum adducts.
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Our research is focused on kinetic aspects of interactions of
DDP with DNA and proteins in aqueous solutions. Using UV-
spectroscopy, electrophoresis, kinetic and thermodynamic
approaches we investigated DNA-DDP and HMGB-DDP
interactions. Using chemometrics and principle component
analysis we have determined kinetic constants of the major
reactions.
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There are plenty of molecules that exert their effects at the
cell membrane. The evaluation of these interactions, fre-
quently quantified by the Nernst lipid/water partition constant
(Kp), helps to elucidate the molecular basis of these pro-
cesses. We present here a recently derived and tested
method to determine Kp for single solute partitions using (-
potential measurements. The concept was then extended to
the interaction of supramolecular complexes with model
membranes. A simultaneous double partition with an aque-
ous equilibrium is considered in this partition model. The
results were validated by dynamic light scattering - DLS,
{-Potential, fluorescence spectroscopy and laser confocal
microscopy experiments. We evaluated the interaction of
supramolecular complexes (peptides derived from dengue
virus proteins with oligonucleotides) with LUV to study our
biophysical models. Dengue virus (DV) infects over 50-100
million people every year and may cause viral hemorrhagic
fever. No effective treatment is available and several aspects
of its cellular infection mechanism remain unclear. The
extension of the interactions of these complexes with bio-
membranes helps to elucidate some steps of DV life cycle.

P-040

The aggregation of amphotericin B in the lipid
membranes induced by K* and Na* ions: Langmuir
monolayers study

Marta Arczewska, Mariusz Gagos

Department of Biophysics, University of Life Sciences
in Lublin, Poland

The polyene antibiotic amphotericin B (AmB) is currently the
drug of choice in the treatment of fungal infections despite
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its undesirable side effects. According to the general con-
viction, the biological action of the drug is based on the
formation of transmembrane channels which affect physio-
logical ion transport, especially K* ions. This work reports
the results of Langmuir monolayers study of the effect of K*
and Na" ions on the molecular organizations of AmB in the
model lipid membrane. The two-component monolayers
containing AmB and phospholipid (DPPC) have been
investigated by recording surface pressure-area isotherms
spread on aqueous buffers containing physiological con-
centration of K* and Na® ions. The strength of the AmB-
DPPC interactions and the stability of the mixed monolayers
were examined on the basis of surface pressure measure-
ments, the compressional modulus and the excess free
energy of mixing. The obtained results proved a high affinity
of AmB towards lipids in the presence of K* than Na* ions.
The most stable mixed monolayers were formed with the 1:1
and 2:1 stoichiometry in the presence of K" and Na® ions,
respectively.

This research was financed by Ministry of Education and
Science of Poland within the research project N N401
015035.
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Microcalorimetric study of antibiotic amphotericin B
complexes with Na*, K* and Cu?* ions

Arkadiusz Matwijczuk, Grzegorz Czernel,

Mariusz Gagos

Department of Biophysics, University of Life Sciences
in Lublin, Poland

Amphotericin B (AmB) as a metabolite of Streptomyces
nodosus is one of the main polyene antibiotics applied in
the treatment of deep-seated mycotic infections. We pre-
sented microcalorimetric (DSC) study of molecular
organization of amphotericin B in lipid membranes induced
by Na*, K* and Cu®* ions. The analysis of DSC curves
indicates the influence of Na*and K" ions on the main
phase transition of pure DPPC lipid. For the molar fractions
of 3, 5, 10, 15 mol% AmB in DPPC we observed the
thermal shift towards higher temperatures in respect to pure
lipid, both in the presence of Na* and K* ions. This result
may be connected with the changes in dynamic properties
of the model membrane system. In case of AmB-Cu?*
complexes in aqueous solution at two pH values, 2.0 and
10.6, the DSC measurements reported endothermic heat
effect. This phase transition was related to the dissociation
process of AmB-Cu?* complexes. The formation of AmB-
Cu?" complexes are accompanied by changes of the
molecular organization of AmB especially disaggregation.
These all observed effects might be significant from a
medical point of view.

This research was financed by Ministry of Education and
Science of Poland within the research project N N401
015035.
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GSH-Ferrocene conjugates as electrochemical sensors
for gluthatione S-transferases

Ramiro Téllez-Sanz’, Manuel Martos-Maldonado?,
Concepcion Mesa-Valle®, Juan Manuel

Casas-Solvas?, Antonio Vargas-Berenguel?,

Luis Garcia-Fuentes'

"Dept. of Physical Chemistry, Biochemistry and Inorganic
Chemistry, University of Almeria, Almeria, Spain, 2Dept.
of Geometry, Topology and Organic Chemistry, University
of Almeria, Almeria, Spain, *Dept. of Applied Biology,
University of Almeria, Almeria, Spain

Enzymes belonging to the glutathione S-transferase (GST)
family catalyze the conjugation of glutathione (GSH) to dif-
ferent compounds, mainly xenobiotics, so that they can be
excreted from the cell. Over-expression of GSTs was dem-
onstrated in a number of different human cancer cells
associated with the resistance to many anticancer chemo-
therapeutics. Thus, a quick and specific determination of
GST levels would be very helpful in cancer diagnosis. Vol-
tammetric techniques are simple, sensitive and suitable for
real time monitoring of chemical and biological reactions, but
cannot be used to examine the GST-GSH interactions.
However, it is known that metallocenes such as ferrocene
(Fc) are neutral, chemically stable and nontoxic compounds
with excellent redox properties. They have found applications
in different fields as biosensors. GSH-ferrocene conjugates
could be of particular interest as their reversible and tunable
redox properties could be applied for the development of
sensors for the electrochemical detection of GST. To evalu-
ate the potential of GSH-ferrocene conjugates as redox
probes, we have synthesized two conjugates, GSFc and
GSFcGS, and have performed thermodynamic studies with
the dimeric GST of Schistosoma japonicum (SjGST) and the
two mentioned ferrocenyl conjugates along with oxidized
glutathione. All of them are competitive inhibitors of SjGST
and the voltammetric properties of the ferrocene-SG conju-
gates were examined. Our results show that the GSFcGS
conjugate exhibits an affinity for SjGST approximately two
orders of magnitude higher than the other two, and three
orders higher than GSH alone. Furthermore, it shows nega-
tive cooperativity with the affinity for the second site two
orders of magnitude lower than that for the first one. We
propose the reason for this negative cooperativity is steric
since our docking studies have shown that, when bound, part
of the first bound ligand invades the second site due to its
large size. We suggest the combination of its quasi 1:1
stoichiometry, enhanced voltammetric signal and high affinity
makes GSFcGS a good redox probe for the electrochemical
detection of GST levels.

Acknowledgments

This work was supported by the “Consejeria de Economia,
Innovacion y Ciencia de la Junta de Andalucia” of the
regional Andalusian Administration, grants numbers CVI-
6028 and FQM-3141.

0-43

Crowding of membrane proteins and peptides
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Membrane proteins and peptides are acting in an envi-
ronment rich in other proteins or peptides. Aim of our study
was to understand how such molecular crowding and
resulting intermolecular interactions can influence the
behavior of membrane proteins, using various antimicrobial
peptides and membrane proteins as examples. In the case
of antimicrobial peptides we have previously described a
change in their alignment in the membrane at a charac-
teristic threshold concentration. To understand whether this
change is due to unspecific crowding or specific peptide-
peptide interactions, we tested if this re-alignment depends
on the presence of additional peptides. In most cases we
found a similar re-orientation behavior irrespective of the
added peptide type, indicating unspecific crowding. When
pairing PGLa and magainin-2, however, we observed a
distinctly different sequence of PGLa re-orientation in the
membrane, indicating a specific interaction between these
two peptides, which correlates well with their known syn-
ergistic activity.

A rather different effect of crowding was observed for the
larger channel protein MscL, which was found to form clus-
ters of functionally active proteins in the membrane. We
propose that this clustering is caused by lipid-mediated
protein-protein interactions.

P-044

Water, hydrophobic interaction, and protein stability
J. Raul Grigera and C. Gaston Ferrara

Instituto de Fisica de Liquidos y Sistemas Biolégicos
(IFLYSIB), CONICET-UNLP, La Plata, Argentina

Although there are several forces maintaining protein
structure, it is well know that hydrophobic interaction is the
dominant force of protein folding. Then, we can infer that
any factor that alters hydrophobic interaction will affect the
protein stability. We have study by computer simulation
a model system consisting in solution of Lenard-Jones
particles in water (SPC/E model) at different pressures
and temperatures and analyzed the solubility ie. the
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aggregation properties, of such a system. From the
obtained data we are able to build up the phase surface
determining the critical point. The computing results where
compared with experimental data of binary mix of non polar
substance in water and of protein denaturation, finding high
coincidence on the critical point. Since the behavior of our
model system can only be due to hydrophobic effects, the
coincidences with the denaturation of proteins allow us to
conclude that the dominant factor that determine tempera-
ture and pressure denaturation of proteins is the
hydrophobic interaction. The temperature and pressures at
which the denaturation, as well the disaggregation of simple
non-polar particles, starts agree with what we could expect
based on the cross over line of the low to high density
structure water transition.
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Ligand induced changes of a functionally
reconstituted membrane protein in a supported

lipid bilayer
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The functional reconstitution of a mitochondrial membrane
protein into a lipid bilayer was studied using a quartz crystal
microbalance. The 6xHis-tagged protein was immobilised
via specific binding to a Cu®* terminated sensor surface,
with a change in frequency indicating approximately 75%
coverage of the sensor surface by the protein. A lipid
bilayer was reconstituted around the protein layer, with a
final change in frequency that is consistent with the
remaining area being filled by lipid. Incubation with a spe-
cific ligand for the protein resulted in a significant change in
frequency compared to the interaction with the surface or
lipid alone. The change is greater than expected for the
mass of the ligand, indicating a possible conformational
change of the protein, such as the opening of a channel
and increased water content of the layer. Electrical imped-
ance measurements on the same system have provided
additional evidence of protein-lipid bilayer formation, and it
is intended that this system will be studied with neutron
reflectometry to characterise potential ligand induced
channel formation. Valuable functional and structural infor-
mation about this membrane protein was obtained by using
surface sensitive techniques to study the protein in a bio-
mimetic lipid bilayer.
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with fluorescence microscopy
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Protein-chromatin interactions are classically studied with in
vitro assays that only provide a static picture of chromatin
binding. Fluorescence correlation spectroscopy (FCS) is a
non-invasive technique that can be used for the same pur-
pose. Being applicable inside living cells it provides dynamic
real-time information on chromatin interactions. Transcrip-
tional co-activator LEDGF/p75 has well characterized protein
and chromatin interacting regions. We studied LEDGF/p75 in
vitro and inside living cells with FCS and other techniques
(luminescent proximity assay, spot/half-nucleus fluorescence
recovery after photobleaching, continuous photobleaching).
Protein-protein interactions in living cells can be monitored
with fluorescence cross-correlation spectroscopy (FCCS)
using fluorescent proteins as genetic labels. Advantages
over using Forster resonance energy transfer (FRET) are the
independence from intermolecular distance and knowledge
of absolute protein concentrations. We characterized FCCS
with fluorescent proteins in vitro and then studied the intra-
cellular complex of LEDGF/p75 and the HIV-1 integrase (IN)
enzyme both with FRET and FCCS.
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Do nucleolar and apoptotic proteins interact

in actinomycin D-treated cells?

Ale$ Holoubek, Petra Otevrelova and Barbora Brodska
Institute of Hematology and Blood Transfusion,

U Nemocnice 1, 128 20 Prague 2, Czech Republic

Nucleus and its compartment nucleolus are a seat of enor-
mous biosynthetic activity in human cancer cells. Nucleolar
proteins, e.g. B23 or C23, play an important role in regulation
of cell division and proliferation. One of the strategies how to
intermit malignant cell proliferation is affecting, e.g. by drug
treatment, a net of intracellular protein interactions to bring
the cell on a way of apoptosis. A cytostatic agent actinomycin
D initiates apoptosis in human cancer cells, as well as in
normal peripheral blood lymphocytes. At the same time,
translocation of B23 and C23 into nucleoplasm is observed in
the treated cells. Therefore interaction between nucleolar
and apoptotic proteins comes into a question. Co-immuno-
precipitation, fluorescence microscopy and yeast two hybrid
analysis are used to answer it. In co-immunoprecipitation
experiments, tumor suppressor p53 showed up to be a
promising candidate for the interaction. Fluorescence
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microscopy showed that actinomycin D-stabilized p53 pro-
tein is localized mainly in nucleoplasm and therefore there is
a possibility of its interaction with the relocalized nucleolar
proteins. The yeast two-hybrid system is used for screening
cDNA library with the baits of interest and also for further
testing of possibly interacting candidates.

This work was supported by the grants IGA NS 9637-4 and
IGA VZ00023736 from the MHCR
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Anisotropy study of OK kidney cells in the presence
of aminoglycoside gentamicin

C. Istrate, T. Savopol, L. Saplacan, M.-G. Moisescu,
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Davila Medical University, Bucharest, Romania

It is known that gentamicin causes nephrotoxicity by inhi-
bition of protein synthesis in renal cells. This causes
necrosis of proximal tubular cells, leading to acute renal
failure. The aim of this study was to investigate the mem-
brane fluidity of “Opossum kidney” (OK) cells treated with
gentamicin at different temperatures in order to establish the
capacity of gentamicin to influence the packing of membrane
lipids. For determination of membrane fluidity, OK cells were
incubated with TmM gentamicin. Dependence of membrane
fluidity with temperature was recorded by measuring the
fluorescence depolarization of TMA-DPH incubated cells, in
the temperature range between 10° - 40°C. The anisotropy of
OK cells treated with gentamicin is higher than in control cells
at temperatures above 35°C (t- Student test showed that the
differences become significant at temperatures higher than
35°C). This may be due to loss of lipids packing above this
temperature which favors a higher exposure of negative lipid
polar heads to the gentamicin positive charges and a more
effective electrical action of gentamicin on each negatively
charged membrane constituent. In conclusion, gentamicin
induces a significant increase in membrane fluidity in OK
renal cells at temperatures above 35°C.
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Thermodynamics: a tool for affinity optimization of drug
candidates for transthyretin amyloidosis
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Among the pathological conditions associated with amyloid
fibrils, familial amyloid polyneuropathies (FAP) exhibit fibril

deposits mostly constituted by variants of Transthyretin
(TTR), a homotetrameric plasma protein implicated in the
transport of thyroxine and retinol [1].

Nowadays, the only effective therapy for TTR amyloidosis is
liver transplantation. New therapeutic strategies are being
developed taking advantage of our current understanding of
the molecular mechanisms of amyloid formation by TTR [2].
A significant effort has been devoted to the search and
rational design of compounds that might decrease TTR tet-
ramer dissociation, for example, through ligand binding at the
thyroxine binding sites of TTR [3, 4].

Here, we use isothermal titration calorimetry (ITC) to char-
acterize the thermodynamic binding signature of potential
TTR tetramer stabilizers, previously predicted by computer-
assisted methods [3]. ITC allows the measurement of
the magnitude of the binding affinity, but also affords the
characterization of the thermodynamic binding profile of a
protein-ligand interaction. High affinity/specificity TTR
ligands, enthalpically and entropically optimized, may pro-
vide effective leads for the development of new and more
effective drug candidates against TTR amyloidosis.

(1) Brito, R. M. M., Damas, A. M., and Saraiva, M. J. (2003),
Current Medicinal Chemistry - Immunology, Endocrine
& Metabolic Agents 3, 349-360

(2) AQuintas, A., Vaz, D. C., Cardoso, |., Saraiva, M. J,,
and Brito, R. M. M. (2001), J. Biol. Chem. 27627,
202-27213

(3) Simdes, C.J.V., Mukherjee, T., Brito, R.M.M., Jackson,
R.M. (2010), J. Chem. Inf. Model. 50, 1806-1820

(4) Baures, P. W., Peterson, S. a, and Kelly, J. W. (1998),
Bioorg. Med. Chem. 6, 1389-401
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Fluorescence lifetime as a tool to study protein-
protein interactions of GroEL and PRD1

viral proteins
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Janne Ihalainen’ and Jaana K.H. Bamford"
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and Environmental Science, University of Helsinki, Finland

We have established a set of vectors to promote easy
cloning of eCFP and eYFP fusions with any protein of
interest. We exploit these fluorescent fusion proteins to study
protein-protein interactions by fluorescence lifetime of eCFP.
The decrease of eCFP lifetime reveals FRET between eCFP
and eYFP and hence the interaction between proteins in
question.

GroEL-GroES chaperonin complex is required for the proper
folding of Eschericia coli proteins. Bacteriophage T4 and its
distant relative coliphage RB49 encode co-chaperon proteins
(respectively gp31 and CocO) that can replace GroES in the
chaperonin complex. GP31 is also required in the folding of
the major capsid protein of the phage. PRD1 is a large
membrane-containing bacteriophage infecting gram-negative
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bacteria such as E. coli and Salmonella enterica. It has 15 kb
long linear dsDNA genome and the capsid has an icosahedral
symmetry. The GroEL-GroES chaperonin complex is needed
in the assembly of PRD1. We have found evidence that PRD1
protein P33 can work similar way as other viral co-chaper-
ones and substitute GroES in chaperonin complex.
Fluorescence lifetime studies between proteins GroEL and
P33 reveals an interaction that backs up the theory.

P-052

Structural modification of model membranes by fibrillar
lysozyme as reaveled by fluorescence study

A.P. Kastorna

V.N. Karazin Kharkiv National University, 4 Svobody Sq.,
Kharkiv, 61077, Ukraine

Recent experimental findings suggest that protein aggrega-
tion, leading to the formation and depositions of amyloids
play a central role in the neurodegenerative diseases, type Il
diabetes, systemic amyloidosis, etc. In the present study we
focused our efforts on investigation of the influence of fibrillar
lysozyme on the structural state of model lipid membranes
composed of phosphatidylcholine and its mixtures with car-
diolipin (10 mol %) and cholesterol (30 mol %). To achieve
this purpose, two fluorescent probes with different bilayer
location, 1,6-diphenyl-1,3,5-hexatriene (DPH) distributing in
membrane hydrocarbon core and 6-lauroyl-2-dimethylami-
nonaphthalene (Laurdan) locating at lipid-water interface,
have been employed. The changes in membrane viscosity
under the influence of amyloid lysozyme were characterized
by fluorescence anisotropy of DPH. This fluorescence
parameter was not markedly affected by fibrillar protein in all
types of model membranes. The changes in emission
spectra of Laurdan were analysed by the generalized
polarization value (GP). It was found that adding of amyloid
lysozyme resulted in the increment of GP value. Our data
suggest that lysozyme fibrils cause reduction of bilayer
polarity and increase of lipid packing density.
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A new ITC assay for measuring ultratight and low-affinity
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Isothermal titration calorimetry (ITC) is the gold standard for
the quantitative characterisation of protein—ligand and pro-
tein—protein interactions. However, reliable determination of
the dissociation constant (Kp) is typically limited to the range
100 uM > Kp > 1 nm. Nevertheless, interactions character-
ised by a higher or lower Kp can be assessed indirectly,
provided that a suitable competitive ligand is available whose
Kp falls within the directly accessible window. Unfortunately,
the established competitive ITC assay requires that the high-
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affinity ligand be soluble at high concentrations in aqueous
buffer containing only minimal amounts of organic solvent.
This poses serious problems when studying protein binding
of small-molecule ligands taken from compound libraries
dissolved in organic solvents, as is usually the case during
screening or drug development. Here we introduce a new
ITC competition assay that overcomes this limitation, thus
allowing for a precise thermodynamic description of high-
and low-affinity protein—ligand interactions involving poorly
water-soluble compounds. We discuss the theoretical back-
ground of the approach and demonstrate some practical
applications using examples of both high- and low-affinity
protein—ligand interactions.
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Interaction of myoglobin with oxidized polystyrene
surfaces studied using rotating particles probe

M. Kemper'2, D. Spridon’, L.J. van IJzendoorn,

M.W.J. Prins™?

'Eindhoven University of Technology, department of Applied
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The interaction of proteins with polymer surfaces is of pro-
found importance for the sensitivity of biosensors. Polymer
surfaces are often treated in order to tune their chemical
and physical properties, for example by oxidation pro-
cesses. To get a better understanding of the association of
proteins to treated polymer surfaces, we use the rotating
particles probe (X.J.A. Janssen et al., Colloids and Surfaces
A, vol. 373, p. 88, 2011). In this novel technique, protein
coated magnetic particles are in contact with a substrate
and the binding is recorded for all individual particles using
a rotating magnetic field. We investigate the interaction of
myoglobin coated magnetic particles to spincoated poly-
styrene surfaces that have been oxidized with a UV/ozone
treatment. The surfaces have been characterized by XPS,
AFM and water contact angle measurements. We will
demonstrate a clear influence of polystyrene oxidation on
the binding fractions of the myoglobin coated particles. We
interpret the results in terms of DLVO-theory: electrostatic
as well as electrodynamic properties of the surfaces will be
influenced by the oxidation.
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The effects of mouse twinfilin-1 on the structure

and dynamics properties of actin
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The actin cytoskeleton of eukaryotic cells plays a key role in
many processes. The structure and dynamics of the cyto-
skeleton are regulated by a large number of proteins that
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interact with monomeric and/or filamentous actins. Twinfilin is
a 37-40 kDa protein composed of two ADF-homologue
domains connected by a short linker.

In our work we studied the effects of the mouse twinfilin-1
(TWF1) on the monomeric actin. We determined the affinity
of TWF1 to the ATP-actin monomer with fluorescence
anisotropy measurement (Kp = 0.015 uM). The fluores-
cence of the actin bound ¢-ATP was quenched with
acrylamide in the presence or absence of TWF1. In the
presence of twinfilin the accessibility of the bound &-ATP
decreased, which indicates that the nucleotide binding cleft
is shifted to a more closed conformational state. It was
confirmed with stopped-flow experiments that the kinetics of
nucleotide-exchange of actin decreased in the presence of
TWF1. We determined the thermodynamic properties of
TWF1 and investigated the effect of twinfilin on the stability
of actin monomer with differential scanning calorimetry. The
TWF1 stabilized the stucture of the G-actin. Our results can
help us to understand the regulation of actin cytoskeleton in
more details.
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Nephrotoxicity of i.v. administered oleic acid coated
Fe3;04 nanoparticles (NP) in rats
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Magnetic NP have attracted attention due to their potential of
contrast enhancement of magnetic resonance imaging and
targeted drug delivery, e.g. tumor magnetic hyperthermia
therapy. Potential nephrotoxicity of single i.v. administration
of Fe;04 NP was studied in female Wistar rats i.v. adminis-
tered either placebo (10% v/v rat serum in 0.9% NaCl),
suspension of TiO, NP (positive control, bimodal 84/213 nm
distribution), or Fe304 NP (bimodal 31/122 nm distribution) in
doses of 0.1, 1.0 or 10.0 mg/kg. Rats were sacrificed 24h, 7-,
14- and 28-days after NP injection (n=9-10/each group).
Administration of NP did not alter kidney size significantly;
renal function of NP administered rats as monitored by
plasma creatinine and urea concentrations, creatinine
clearance and protein excretion rate did not differ signifi-
cantly in either interval from rats administered placebo. One
week after administration significant rise in plasma Ca, its
urinary and fractional excretion was observed in rats
administered 10 mg Fe304/kg. Plasma Mg levels rose in this
group 1 and 2 weeks after administration. No significant
changes in the expression of TNF-«, TGF-$, and collagen IV
genes in renal cortex were revealed. No obvious nephrotoxic
effects were observed in rats after a single i.v. dose of Fe30,4
NP.

Study was supported by 7FP EC EU: NanoTEST (Develop-
ment of methodology for alternative testing strategies for the
assessment of the toxicological profile of nanoparticles used
in medical diagnostics.), Grant No.: 201335.
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Biomimetic supramolecular assemblies for studying
membrane interactions in vitro and in vivo

S. Kolusheva, R. Jelinek

Ben-Gurion University, Beer-Sheva, Israel

We designed a novel biomimetic sensor, composed of con-
jugated polydiacetylene (PDA) matrix embedded within lipid
vesicles. The system is capable of detecting various com-
pounds occurring within lipid membranes through rapid
colorimetric as well as fluorescent transitions. The colori-
metric response of the sensor is correlated to the extent of
compound-membrane binding and permeation and quanti-
fied binding sensitivity to lipid composition. We describe a
new disease diagnostic approach, denoted “reactomics”,
based upon reactions between blood sera and an array of
vesicles comprising different lipids and polydiacetylene
(PDA), a chromatic polymer. We show that reactions
between sera and such a lipid/PDA vesicle array produce
chromatic patterns which depend both upon the sera com-
position as well as the specific lipid constituents within the
vesicles. Through attachment of chromatic polydiacetylene
(PDA) nanopatches onto the plasma membrane, real-time
visualization of surface processes in living cells is possible.
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Mechanistic studies of the Ras-superfamily by time-
resolved FTIR spectroscopy

Carsten Kétting and Klaus Gerwert
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352, D-44780 Bochum, Germany
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The Ras protein is mutated in 30% of human tumors. Ras
acts as a switch, transmitting a growth signal in an active
GTP-bound form and turning the signal off in an inactive
GDP-bound form. The switch off is accomplished by GTP
hydrolysis, which is catalyzed by Ras and can be further
accelerated by GTPase activating proteins (GAPs). Muta-
tions which prevent hydrolysis cause severe diseases
including cancer.

We investigate the reaction of the Ras GAP protein-protein
complex by time-resolved FTIR spectroscopy.1 Detailed
information on the mechanism and the thermodynamics of
the reaction was revealed:? First, the catalytic arginine-fin-
ger of GAP has to move into the GTP binding pocket, then
cleavage of GTP is fast and H,PO, hydrogen-bonded in an
eclipsed conformation to the p-phosphate of GDP is
formed.

Further, we performed for the first time ATR-FTIR spectros-
copy of Ras in its native environment, a lipid membrane.® In
this setup we are able to do difference spectroscopy of the
immobilized protein. Interactions with other proteins can be
determined in a similar way as in SPR experiments but with
the additional information from the infrared spectra.

1. Kétting, Gerwert, ChemPhysChem 6, 881 (2005).
2. Kaétting et al. PNAS 105, 6260 (2008).
3. Glldenhaupt et al., FEBS J. 275 5910 (2008).

@ Springer



S§52

Biomolecular interactions

P-059

ATR-FTIR Spectroscopy of immobilized proteins
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and Klaus Gerwert

PD Dr. Carsten Kétting, Ruhr-Universitdt Bochum, Lehrstuhl
ftir Biophysik, ND04/352, D-44780 Bochum, Germany
E-mail: carsten.koetting@rub.de

We report on trFTIR' investigations on the Ras protein, which
is mutated in 30% of the human tumors. Ras proteins
undergo distinct post-translational lipid modifications. These
are required for appropriate membrane targeting. While bio-
logical function of Ras in vivo is always located at a
membrane, most in vitro studies have been conducted
without the lipid anchor in solution.

We performed for the first time ATR-FTIR spectroscopy of
membrane anchored Ras:? A monolayer of a model mem-
brane was tethered to a germanium ATR-crystal.
Subsequently Ras is immobilized at the membrane. This can
be done with bioorganically synthesized lipidated Ras (H.
Waldmann)5 or by protein tags. We compare the differently
membrane bound Ras proteins among themselves and with
Ras is solution.

Since our setup includes a flow-through cell, we are able to
do difference spectroscopy of the immobilized protein, e.g.
by exchanging the nucleotide. By this method we can
observe the absorption of individual functional groups. Fur-
ther, the interactions with other proteins can be determined in
a similar way as in SPR experiments but with the additional
information from the infrared spectra. Since immobilization is
possible e.g. with a His-tag our system can be used
universal.

1. Kétting, Gerwert, ChemPhysChem 6, 881 (2005).
2. Glldenhaupt et al., FEBS J. 275 5910 (2008).

P-060

Carbohydrate recognition domains play different roles
in galectin function

P.S. Kumagai', F.H. Dyszy', M.C. Nonato?,

M. Dias-Baruffi?, A.J. Costa-Filho'?

"Instituto de Fisica de Sdo Carlos, Universidade de S&o
Paulo, Sdo Carlos, SP. Brazil, ?Faculdade de Ciéncias
Farmacéuticas de Ribeirdo Preto, Universidade de Séo
Paulo, Ribeirdo Preto, SP, Brazil, *Faculdade de Filosofia,
Ciéncias e Letras de Ribeirdo Preto, Universidade de Sdo
Paulo, Ribeirao Preto, SP, Brazil

E-mail: patriciasuemy@ursa.ifsc.usp.br

Galectins are a family of animal lectins that specifically bind
p-galactosides and have gained much attention due to their
involvement in several biologic processes such as inflam-
mation, cell adhesion and metastasis. In such processes,
several issues are still not clear including the mechanisms of
interaction with different carbohydrates. Galectin-4 (Gal-4) is
a tandem-repeat type galectin that contains two carbohy-
drate recognition domains (CRD-l and CRD-II) connected by
a linking peptide. In this study, we performed spectroscopic
studies of the carbohydrate-recognition domains from human
Gal-4. Our goals are two-fold: (1) to monitor conformational
changes in each domain upon its binding to specific ligands

@ Springer

and then to correlate the observed changes with structural
differences between the CRDs and (2) to investigate the
interaction between the CRDs and lipid model membranes.
To achieve such objectives we used a combined approach of
spectroscopic techniques involving Circular Dichroism and
Electron Spin Resonance. Overall the results obtained so far
show that CRD-I and CRD-II have distinct behaviors in terms
of carbohydrate recognition and membrane binding. This
may be due to specific differences in their structures and
certainly suggests a non-equivalent role in protein function.

P-061

Hemoglobin influence on lipid bilayer structure

as revealed by fluorescence probe study

O.K. Kutsenko, G.P. Gorbenko, V.M. Trusova

V.N. Karazin Kharkov National University, Kharkov, Ukraine

Hemoglobin (Hb) is a red blood cell protein responsible for
the oxygen transport. Its affinity for lipid bilayers represents
interest for gaining insight into protein biological function as
well as for some applied aspects such as development of
blood substitutes or biosensors. Hb influence on lipid bilayer
structure was investigated using fluorescent probes pyrene
and Prodan. Model membranes were prepared of phospha-
tidylcholine (PC) and its mixtures with phosphatidylglycerol
(PG) and cholesterol (Chol). Hb penetration into membrane
interior is followed by the increase of relative intensity of
pyrene vibronic bands and decrease of Prodan general
polarization value suggesting an enhancement of bilayer
polarity. This implies that Hb incorporation into membrane
interior decreases packing density of lipid molecules, pro-
moting water penetration into membrane core. Chol
condensing effect on lipid bilayer prevents protein embed-
ment into bilayer, thus decreasing membrane hydration
changes as compared to PC bilayers. In the presence of
anionic lipid PG Hb-induced increase of bilayer polarity was
found to be most pronounced, pointing to the modulatory
role of membrane composition in Hb bilayer-modifying
propensity.

P-063

Thermodynamic evaluation of high affinity CD22
antagonists

Katrin Lemme’, Stefanie Mesch’, Oliver Schwardt',
Hendrik Koliwer-BrandI?, Soerge Kelm?, Beat Ernst’
TInstitute of Molecular Pharmacy, University of Basel,
Switzerland, 2Department of Physiological Biochemistry,
University of Bremen, Germany

CD22, expressed on the surface of B cells, is a member of
the sialic-acid binding immunoglobulin-like lectin (Siglec)
family. It is a negative regulator of B cell signaling and plays a
crucial role in the regulation of activity, homeostasis and
survival of B cells [1]. Furthermore, the presence of cyto-
plasmic CD22 was proven to be a marker in B cell
malignancies [2]. The physiological ligands of CD22 are 02,6-
linked sialic acids on glycoproteins and gangliosides. The
minimal binding motif is Siax2,6-Gal (or GalNAc, GlcNAc) [3].
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We present optimized sialic acid-based mimics binding in
the low nanomolar range. Molecular interactions were
determined with surface plasmon resonance (SPR), char-
acterizing the affinity and the kinetics of binding.
Furthermore, isothermal titration calorimetry (ITC) was
applied to dissect the standard free energy of binding (AG®)
into the standard enthalpy of binding (AH°) and the standard
entropy of binding (AS®).

[11 P.R. Crocker, and A. Varki, Siglecs in the immune
system. Immunology 2001, 103, 137-45.

[2] D.Y. Mason, H. Stein, J. Gerdes, K.A. Pulford, E.
Ralfkiaer, B. Falini, W.N. Erber, K. Micklem, and K.C.
Gatter, Value of monoclonal anti-CD22 (p135) antibod-
ies for the detection of normal and neoplastic B
lymphoid cells. Blood 1987, 69, 836-40.

[3] L.D.Powell, D. Sgroi, E.R. Sjoberg, |. Stamenkovic, and
A. Varki, Natural ligands of the B cell adhesion molecule
CD22 beta carry N-linked oligosaccharides with alpha-
2,6-linked sialic acids that are required for recognition. J
Biol Chem 1993, 268, 7019-27.

P-064

Importance of the low enantioselectivity of PGK

for the phosphorylation of antiviral L-nucleosides
Perrine Lallemand’, Béatrice Roy?, Laurent Chaloin’,
Christian Périgaud?, Tom Barman', Corinne Lionne'
"UMR5236, Centre d’études d’agents Pathogénes et
Biotechnologies pour la Santé (CPBS), Montpellier, France,
2UMRS5247, Institut des Biomolécules Max Mousseron
(IBMM), CNRS — University Montpellier 1 & 2, Montpellier,
France

D- and L-nucleoside analogues are compounds of clinical
interest in antiviral therapies. In order to pass the cell mem-
branes, most of these medicines has to be administrated to
patients as nucleoside pro-drugs and not directly as trip-
hosphorylated forms. Because of the poor phosphorylation of
the nucleoside analogues used in therapy, it is important to
understand and to optimize their metabolism. Our aim is to
understand how compounds of chirality L turn away
3-phosphoglycerate kinase (PGK) from its normal glycolytic
function to be converted into the triphosphate forms. In order
to elucidate PGK mechanism and substrate specificity, we
have measured the kinetics of the different steps of the
enzymatic pathways by rapid mixing techniques and studied
the influence of the nature of the nucleotide substrate
thereon. We first performed an extensive study with D- and
L-ADP (see poster by P. Lallemand). We are now extending
the studies to other nucleotide diphosphates (some of them
used in therapies). Changes in the nature of the nucleobase
or deletion of hydroxyl group of the sugar affect the efficiency
of phosphorylation by PGK, either by decreasing dramatically
their affinity or by altering the phospho-transfer step itself.
Structural explanations are given based on docking data.

P-065

New insights into the translocation route of enrofloxacin
and its metalloantibiotics

S. C. Lopes, C. Ribeiro, P. Gameiro

Requimte, Faculdade de Ciéncias, Universidade do Porto,
Rua do Campo Alegre, 4169-007 Porto, Portugal

E-mail: silvia.lopes@fc.up.pt

Probing drug/lipid interactions at the molecular level repre-
sents an important challenge in pharmaceutical research,
drug discovery and membrane biophysics. Previous studies
showed that enrofloxacin metalloantibiotic has potential as
an antimicrobial agent candidate, since it exhibits antimicro-
bial effect comparable to that of free enrofloxacin but a
different translocation route. These differences in uptake
mechanism can be paramount in counteracting bacterial
resistance. In view of lipids role in bacterial drug uptake, the
interaction of these compounds with different E. coli model
membranes were studied by fluorescence spectroscopy.
Partition coefficients determined showed that lipid/antibiotic
interactions were sensitive to liposomes composition and
that the metalloantibiotic had a higher partition than free
enrofloxacin. These results corroborate the different mech-
anism of entry proposed and can be rationalized on the basis
that an electrostatic interaction between the metalloantibiotic
positively charged species, present at physiological pH, and
the lipids negatively charged head groups clearly promotes
the lipid/antimicrobial association.

P-066

Oligomerization and fibril assembly of amyloid $ peptide
(1-40) in the presence of amphiphiles

Joana Loureiro, Sandra Rocha, Maria do Carmo Pereira
LEPAE, Departamento de Engenharia Quimica, Faculdade
de Engenharia, Universidade do Porto, Rua Dr. Roberto
Frias, 4200-465 Porto, Portugal

Amyloid f peptide (Af) forms a large amount of extracellular
deposits in the brain of Alzheimer’s disease (AD) patients
and it is believed that this peptide is related to the patho-
genesis of that disease. The most abundant monomeric form
of physiological A (~90%) is constituted by 40 amino acids
and is benign, but by an unknown mechanism this endoge-
nous material becomes aggregated and neurotoxic.
Increasing evidence suggests that membrane interaction
plays an important role in A neurotoxicity.

In this work it will be studied the interactions of Af(1-40) with
CTAC (cationic), SDS (anionic), PFOA (anionic with fluorine
atoms) and OG (nonionic) amphiphiles in monomeric and
micellar forms.

The results demonstrated that Ap(1-40) forms fibrils with
different morphologies in the presence of micelles. In addi-
tion, the presence of micelles accelerates the formation of
fibrils and decreases the lifetime of oligomers.

@ Springer
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On chip multiplex label free bio-affinity analysis
and MALDI-MS characterisation of bound analyte
Bellon Sophie’, Boireau Wilfrid?, Ducoroy Patrick®,
Elodie Ly-Morin, Chiraz Frydman'

Horiba Scientfic, ZA de la Vigne aux Loups — 5 avenue
Arago, 91380 Chilly-Mazarin, France, 2Institut FEMTO-ST,
32 avenue de I'Observatoire — 25044 Besangon Cedex,
France, 3CLIPP, 1 rue du Professeur Marion — 21079 Dijon
Cedex, France
E-mail: elodie.ly-morin@horiba.com

We present here the exploitation of the powerful approach of
Surface Plasmon Resonance imaging and Mass Spectrom-
etry coupling for protein fishing in biological fluids such as
human plasma at the same sensitivity. On one hand, multiplex
format SPRi analysis allows direct visualization and thermo-
dynamic analysis of molecular avidity, and is advantageously
used for ligand-fishing of captured bio-molecules on multiple
immobilized receptors on a SPRi-Biochip surface. On the
other hand, MALDI mass spectrometry is a powerful tool for
identification and characterization of molecules captured on
specific surface. Therefore, the combination of SPRi and MS
into one concerted procedure, using a unique dedicated
surface, is of a great interest for functional and structural
analysis at low femtomole level of bound molecules.

To reach these goals, particular surface engineering has
been engaged to maintain a high level of antibody grafting
and reduce non-specific adsorption. Thus, various chemis-
tries have been tested and validated towards biological fluids
such plasma, keeping in mind the capacity of the in situ
investigation by MS.

Finally, signal to noise ratio was magnified leading to the
characterization of protein LAG3, a potential marker of breast
cancer, in human plasma.

P-069

Atenolol incorporation into PNIPA nanoparticles
investigated by Isothermal Titration Calorimetry
Mihaela Mic, loan Turcu, Izabell Craciunescu,
Rodica Turcu,

National Institute for R&D of Isotopic and Molecular
Technologies, 400293 Cluj-Napoca, Romania
E-mail: Mihaela.Mic@itim-cj.ro

Poly(N-isopropylacrylamide) (PNIPA) is a thermo-sensitive
hydrogel undergoing a volume phase transition at about of
32°C close to the body temperature. This volume phase
transition is envisaged as a key property for drug binding and
release.

The purpose of our research is the thermodynamic charac-
terization of the binding of atenolol by PNIPA polymeric
nanoparticles. The thermodynamic parameters which char-
acterize the binding process are obtained using the
Isothermal Titration Calorimetry (ITC) as the main investi-
gation technique.

When polymeric nanoparticles bind drug molecules, heat is
either generated or absorbed depending on the amount of
bond molecules and also on the exothermic or endothermic
character of the binding process. The heat measurement
allows the determination of binding constants, reaction stoi-
chiometry and the thermodynamic profile of the interaction.

@ Springer

ITC technique has been used to investigate the binding
properties of nanoparticles which shrink from the swollen to
the collapsed state. The capacity of such nanogels to bind
atenolol molecules is directly related to relevant differences
between the binding properties in the swollen and in the
collapsed state respectively.

P-070

Aggregation study of w-(alkyldimethylamonium)-
alkylaldonamide bromides

P. Misiak', B. Rézycka-Roszak', E. Wozniak', R. Skrzela',
K.A. Wilk?

"Department Physics and Biophysics, Wroctaw University
of Environmental and Life Sciences, Wroctaw, Poland,
2Department of Chemistry, Wroctaw University

of Technology, Wroctaw, Poland

Sugar-based surfactants are of considerable research inter-
est because they have improved surface and performance
properties, reduced environmental impact, and have poten-
tial pharmaceutical and biomedical applications. -
(alkyldimethylamonium)alkylaldonamide bromides (C,GAB)
with different chain lenghs (n = 10, 12, 14, 16) belonging to
cationic sugar-based surfactants were newly synthesised.
The aggregation processes of C,GABs were studied by
means of isothermal titration calorimetry (ITC), electric con-
ductance method and molecular modelling methods. The
critical micelle concentrations (cmc), the degree of micelle
ionization (), the enthalpies (AH,,) and the entropies (AS,)
of micellization as well as the contributions of the headgroups
to the Gibbs free energies (AG%(hy)) were calculated. The
obtained values were compared with those for dodecyldi-
methylethylammonium bromide and literature data for
analogical glucocationic surfactants. The latest compounds
differ from C,GAB surfactants by substitution of sugar chain
by gluco ring. Molecular modelling methods were used to
relate the molecular properties of the compounds with their
experimentally studied properties in solution. This work was
supported by grant N N305 361739.

P-071

Characterization of membrane active regions of dengue
virus (DENV) proteins C and E

Henrique de Castro Nemésio, M. Francisca Palomares
Jerez, Lidia Nufio y José Villalain.

Instituto de Biologia Molecular y Celular, Universidad Miguel
Hernandez, E-03202 Eliche (Alicante), Spain

Every year over 50 million people are infected with dengue
virus (DENV), transmitted by a mosquito (Aedes aegypti).
This enveloped virus, member of the Flaviviridae family, has
four distinct serotypes. It has a single stranded positive RNA
molecule with a single open reading frame that encodes a
single poliprotein, which, after appropriate processing by viral
and host proteases, gives rise to three structural proteins (C,
prM and E) and seven non-structural proteins (NS1, NS2A,
NS2B, NS3, NS4A, NS4B and NS5) [1]. The surface of the
immature virion is composed of E and prM heterodimers that
are arranged as trimers protruding from the membrane [2].
The virus is thought to enter the host cell via a receptor-
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mediated endocytosis, although, if any, the specific dengue
receptors have not been described. Once inside the cell, the
acidified environment inside the endocytic vesicle triggers an
irreversible trimerization of the envelope (E) protein, inducing
the release of the nucleocapsid (composed of viral RNA and
multiple copies of C protein) to the cytoplasm, thus starting
the infection process, where the poliprotein is translated and
processed, originating all viral proteins. Considering the
structural proteins C and E, these are essential for the viral
infection, specifically, protein C is thought to be involved in
the viral assembly and specific encapsidation of the genome
and protein E (a class Il fusion protein) plays a major role in
the fusion process. As recently described by some studies
[3], protein C is composed of four a helices connected by four
short loops and has a highly hydrophobic region forming a
concave groove that could interact with lipid membranes and
a region with an increased concentration of positive charges,
possibly interacting with the viral RNA. As for protein E, it is
composed of three f§ stranded domains. It is proposed that
the fusion loop is located in domain Il of this protein and the
putative receptor binding sites, considered essential for the
viral entry, are supposedly located in domain lll. In this work,
we describe the identification of the membrane active regions
of both these proteins, considering both theoretical studies,
hydrophobic moments, hydrophobicity and interfaciality val-
ues as well as experimental ones, namely fluorescence
spectroscopy, where a fluorescent probe is encapsulated in
model membrane systems, and differential scanning calo-
rimetry [4]. We have found one region in protein C and four
regions in protein E with membranotropic activity. This is the
first work describing experimentally the putative membrane
interacting zones of both these proteins.

[11 Mukhopaday, S., Kuhn, R.J., and Rossmann, M.G.
(2005) Nat. Rev.Microbiol. 3, 13-22.

[2] Qi, R.F, Zhang, L., and Chi, C.W. (2008) Acta Biochim.
Biophys. 40(2), 91-101.

[3] Ma, L., Jones, C.T., Groesch, T.D., et al. (2004) Proc.
Natl. Acad. Sci. USA 101(10), 3414-3419.

[4] Guillén, J., Pérez-Berna, A.J., Moreno, M.R., Villalain, J.
(2005) J Virol. 79(3), 1743-1752.

This work was funded by grant BFU2008-02617-BM from
Ministerio de Ciencia y Tecnologia, Spain, granted to Jose
Villalain.
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Investigation of membrane-membrane interaction
mediated by coiled coil lipopeptides

Gesa Pahler, Andreas Janshoff
Georg-August-University, Tammannstrasse 6, 37077
Géttingen, Germany

E-mail: gpaehle@gwdg.de

Specific cellular membrane interaction and fusion are crucial
points in vivo which are in eukaryotic cells mediated by
SNARE proteins. The definite mechanism behind these
processes is still poorly understood, but the coiled coil for-
mation of a SNARE core complex consisting of four a-helices
seems to generate a fusogenic driving force. This offers the
possibility to design a straightforward experimental setup to
mimic the complex protein-mediated membrane-membrane
interaction by using mere protein fragments or peptides

attached to artificial lipid bilayers which self-assemble to a
coiled coil structure.

In our approach, two artificial three heptad repeat coiled coil
forming peptides were synthesized and attached to malei-
mide functionalized membranes via an in situ-coupling
reaction. Thus, secondary structure changes, kinetic char-
acteristics and binding energetics were monitored during
coiled coil formation with real time ellipsometry, IR and CD
spectroscopy. The lipopeptide mediated membrane-mem-
brane interaction itself is investigated by colloidal probe
spectroscopy and TIRFM.

These techniques and the setup of our model system allow
screening the energetic and structural properties of variable
coiled coil forming peptides, i.e. linker-modified or biologically
inspired sequences.

0-073

Enzymatic reactions in nanostructured surfaces:
unzipping and cutting the double helix

Pietro Parisse’, Matteo Castronovo?, Bojana Lucic?,
Alessandro Vindigni®, Giacinto Scoles? and
Loredana Casalis'

'Sincrotrone Trieste S.C.p.A., Trieste, ltaly, 2Temple
University, Philadelphia, USA, 3ICGEB, Trieste, Italy

Protein-DNA interactions are vital for living organisms. From
viruses to plants and humans, the interactions of these two
different classes of biopolymers control processes as
important and diverse as the expression of genes and the
replication, rearrangement, and repair of DNA itself.

To understand these processes at the molecular level, and to
follow changes in cellular pathways due to different kinds of
perturbations and/or diseases it is necessary the identifica-
tion and quantification of proteins and their complex network
of interactions.

We have exploited the high spatial resolution given by
Atomic Force Microscopy to generate DNA arrays of variable
density by means of Nanografting. On such nanostructures,
we investigate the mechanism of different enzymatic reac-
tions (from restriction enzymes to helicases).

Registering with high precision the height variation due to the
action of the enzyme onto the engineered DNA sequences
(in the case of restriction enzymes) or taking advantage of
the different mechanical properties of single and double
stranded DNA (in the case of helicases, where for the first
time kinetic data were obtained on RecQ1 human helicase),
we were able to monitor either the activity and/or the action
mechanisms of these two important classes of enzymes.

P-074

Electric hyperfine interactions ab initio study

in biological systems: Cd in DNA bases

P. A. D. Petersen’, M. B. Gongalves', A. S. Silva?,

A. L. Lapolli®, A. W. Carbonari?, H. M. Petrilli’
"Universidade de S&o Paulo, Instituto de Fisica,
Departamento de Fisica de Materiais e Mecénica DFMT,
Brazil, 2Instituto de Pesquisas Energéticas e Nucleares,
IPEN, Sao Paulo, Brazil

E-mail:hmpetril@if.usp.br

Electric hyperfine interactions can be a powerful tool to
identify local environments in many different systems.

@ Springer
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Recently it has been drawn attention to the possible appli-
cation of the Time Differential Perturbed Angular Correlation
(TDPAC) technique to study differences in the Nuclear
Quadrupole Coupling constants (vQ) at Cd probes in mouse
DNA infected with the Trypanosoma Cruzi (Chagas disease
vector). The electric contribution to the hyperfine interaction
is usually expressed as the nuclear quadrupole coupling
frequency vQ which is given by the product of the nuclear
quadrupole moment Q and the Electric Field Gradient (EFG)
at the nucleus. The EFG can be theoretically obtained from
an ab initio electronic structure calculation. The 111In —
111Cd y-y decay can be used in a TDPAC measurement to
investigate the Cd metal binding to DNA. The interaction of
the metal with the DNA bases can change many aspects of
the base pairing [1]. Here we study electric hyperfine prop-
erties of Cd bound to some DNA bases. The methodology
used for the electronic structure calculations is based on the
Kohn Sham [2] scheme of the Density Functional Theory
(DFT) and the Car-Parrinello [3] method. We use the Pro-
jector Augmented Wave [4] method as embodied in the CP-
PAW computational code. The results of EFG and energies
are discussed as function of water molecules present in the
Cd?+ environment and compared with TDPAC measure-
ments at Cd probes in mouse DNA infected with the
Trypanosoma Cruzi. The study of Cd2+ interactions with
DNA has also a very broad interest due to Cadmium-induced
carcinogenesis.

[11 J. V. Burda, J. Sponer, J. Leszczynski, P. Hobza, J.
Phys. Chem. B., 101, 9670 (1997).

[2] W. Kohn, L. J. Sham, Phys. Rev. B., 140, 1133 (1965).

[3] P. E. Blochl, Phys. Rev. B., 50, 17953 (1994).

[4] R. Care M. Parrinello, Phys. Rev. Lett. 55, 2493 (1985).
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Structure and stability of cyclic peptide based
nanotubes: a computational chemistry investigation

R. Vijayaraj'?, S. Sundar Raman', R. Mahesh Kumar',
Patrick Bultinck?, V. Subramanian’

"Chemical Laboratory, Central Leather Research Institute,
Council of Scientific and Industrial Research, Adyar, Chennai
600 020, India, ?Department of Inorganic and Physical
Chemistry, Ghent University, Krijgslaan 281 S-3, B-9000
Gent, Belgium

In this study an attempt has been made to investigate the
structure, dynamics and stability of cyclic peptide nanotubes
(CPNTs) formed by the self-assembly of cyclic peptides
(CPs) using classical molecular dynamics (MD) simulation
and semiempirical quantum chemistry calculation employing
PM6. The structure and energetics of monomer and various
oligomeric CPNTs have been investigated by considering the
(cyclo-[(D-Ala-L-Ala),]) peptide as the model for CP. Various
geometrical parameters extracted from the MD simulation
reveal that the terminal residues are loosely hydrogen bon-
ded to the inner subunits regardless of degree of
oligomerization. The hydrogen bonds present in the inner
core regions are stronger than the terminal residues. As the

@ Springer

degree of oligomerization increases, the stability of the tube
increases due to the hydrogen bonding and stacking inter-
actions between the subunits. The results show that the
binding free energy increases with the extent of oligomeri-
zation and reaches saturation beyond CPNT5. In addition,
hydrophobic and electrostatic interactions play crucial roles
in the formation of CPNTs. Analysis of both structural and
energetics of formation of CPNTs unveils that the self-
assembly of dimer, trimer and tetramer CPNTs are the
essential steps in the growth of CNPTs.

Reference

Vijayaraj, R.; Sundar Raman, S.; Mahesh Kumar, R.; Subr-
amanian, V. Studies on the structure and stability of cyclic
peptide based nanotubes using oligomeric approach: A
computational chemistry investigation. J. Phys. Chem.
B 2010, 114(49), 16574—16583.
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Studies at the liquid-air interface: a powerful toolbox

to study interactions between biomolecules

Beaufils S.", Vié V.!, Pezennec S.?3, Le Floch-Fouéré C.%3,
Bouhallab S.23, Pezolet M.%, Ameziane S.", Renault A."
TInstitut de Physique de Rennes, UMR CNRS 6251,
Université de Rennes, Bat 11A Campus de Beaulieu, 35042
Rennes Cedex, France, 2INRA, UMR1253 Science et
Technologie du Lait et de 'OEuf, F-35042 Rennes, France,
SAGROCAMPUS OUEST, UMR1253 Science et Technologie
du Lait et de 'OEuf, F-35042 Rennes, France, “Centre de
Recherche sur les Matériaux Avancés, Département de
Chimie, Université Laval, Québec, G1V 0A6 Canada

Monolayers on a Langmuir trough constitute a great biomi-
metic model to characterize protein-protein or protein-lipid
interaction, where the physical state of the interfacial layer is
completely controlled. We present here three studies per-
formed on monolayers, with a wide panel of experimental
(optical, spectroscopical, rheological) techniques.

i) Surface properties and conformation of Nephila clavipes
Spider recombinant silk proteins (MaSpl and MaSp2) was
studied at the air-water interface: we show that the mecha-
nism of assembly of both proteins is different, although both
proteins share the same sequence pattern and a close
hydrophobicity. They both exhibit a certain propensity to form
p-sheets that may be important for the efficiency of the nat-
ural spinning process.

i) The dystrophin molecular organization and its anchoring in
a lipidic environment depend on the rod fragment used and
on the lipid nature. Moreover the interaction is guided by the
lateral surface pressure. This lipid packing variation is
essential to understand the role of the dystrophin during
compression-extension cycle of the muscle membrane.

iii) We evidence that non additive behavior of mixtures of
food globular proteins leads to enhanced foaming properties
or to self assembled objects.
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Membrane interactions and translocation assays

for nucleolar-targeting peptides
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Nucleolar-targeting peptides (NrTPs) were designed by
structural dissection of crotamine, a toxin from the venom of
a South-American rattlesnake. At uM concentration, NrTPs
penetrate different cell types and exhibit exquisite nucleolar
localization. The aim of this work was to pursue with the
study of NrTPs molecular mechanism for translocation, as
well as to determine the ability of NrTP to delivery large
molecules into cells. For the translocation experiments, rho-
damine B-labeled NrTPs were used and tested with giant
multilamellar vesicles. Confocal microscopy results show
that there is an efficient translocation across model mem-
branes. High levels of intracellular peptide were also seen in
different cell lines and PBMC, soon after incubation with
NrTP. Furthermore, a conjugate of NrTP (NrTP6C) bound to
p-galactosidase was prepared by chemical synthesis and
tested in Hela cells. This conjugate maintains enzymatic
activity and is stable at 4°C for several days. The work done
so far with this new family of cell-penetrating peptides
revealed strong interaction and translocation with lipid model
systems. Moreover, successfully cellular delivery of f-
galactosidase was observed and quantified.

P-079

Interaction of zinc phthalocyanine with ionic and non
ionic surfactants: UV-vis absorption and fluorescence
spectroscopy for application in Photodynamic Therapy
M. P. Romero, S. R. W. Louro

Physic Department, Pontificia Universidade Catdlica de Rio
de Janeiro PUC-RIo, Brazil

Among the second-generation photosensitizer (PS) devel-
oped for the ftreatment of neoplastic diseases by
photodynamic therapy (PDT), metallo-phthalocyanines
(MPc) have been proposed as an alternative to the currently
used PS in clinical application. Unsubstituted MPc are not
soluble in physiological solvents and their in vivo adminis-
tration relies upon their incorporation into carriers or their
chemical conversion into water-soluble dyes by the attach-
ment of selected substituents. In this work, uv-vis absorption
and fluorescence spectroscopy were used to study the ability
of different micelles for dispersing zinc phthalocyanine
(ZnPc). The following surfactants were tested: SDS, CTAB,
HPS, Tween 80, Tween 20, and Pluronic F127. ZnPc has low
solubility in virtually all solvents, but DMF and DMSO are
observed to dissolve ZnPc in concentrations of the order of
0.9 and 0.2 mmol/L, respectively. Stock solutions of ZnPc in
DMF and DMSO were prepared.

Micelles of the different surfactants containing ZnPc were
prepared by dissolving in aqueous medium (milli-Q water or

phosphate buffer pH 7.4) small amounts of the stock solu-
tions previously mixed with each surfactant. The amounts of
each surfactant were calculated to give an average ratio of
one ZnPc molecule per micelle in the final solution. The
absorption and fluorescence spectra of ZnPc in the micellar
systems were obtained, and were observed to change in
time. Immediately after dissolution the spectra are charac-
teristic of monomeric ZnPc, suggesting formation ZnPc-
containing nanoemulsions with the mixture of ZnPc-organic
solvent in the hydrophobic region of the micelle. Since
DMSO and DMF are miscible with water, the solvent diffuses
out of the micelle and ZnPc stays inside the micelle in a
monomeric or aggregated form. The different surfactants
lead to different time evolution of ZnPc aggregation. Aggre-
gation lifetimes vary from one hour, in the case of Pluronic
F127, to more than twelve hours, in the case of CTAB and
HPS. It was observed that the ionic surfactants were more
efficient than non ionic ones for monomeric delivery of ZnPc .
Work partially supported by CNPq, INAMI and FAPERJ.

P-080

Nucleobase-containing peptides: a spectroscopic study
of their properties and nucleic acids recognition ability
Giovanni N. Roviello’, Domenica Musumeci’,

Enrico M. Bucci' and Carlo Pedone?

TIstituto di Biostrutture e Bioimmagini — CNR, Via
Mezzocannone 16, 80134 Napoli, Italy, 2Dipan‘imento delle
Scienze Biologiche, Universita di Napoli “Federico II”, 80134
Napoli, Italy

E-mail: giroviel@unina.it

Nucleobase-containing peptides are an important class of mol-
ecules comprising both artificial (synthetic nucleopeptides) and
natural (peptidyl nucleosides and willardiine-containing pep-
tides) compounds characterized in many cases by interesting
biological properties.? In this work, we report a spectroscopic
study on the properties of a chiral nucleobase-bearing peptide
obtained by chemical synthesis starting from commercial
sources. The findings of this research strongly encourage fur-
ther efforts in the field of the use of nucleopeptides as
supramolecular assembling systems and open the way to novel
drug delivery approaches based on nucleobase recognition.

1. N. P. Dolman, et al. J. Med. Chem. (2006), 49, 2579.
2. H.C. Lee, et al. Arch. Pharm. Res. (2003), 26, 446.

P-081

Controlled immobilization and nanoscale
supramolecular assembly of intrinsically disordered
proteins

Barbara Sanavio', Stefania Corvaglia'?, Barbara Sorce®,
Stefania Sabella®, Pier Paolo Pompa®, Giacinto Scoles?,
Loredana Casalis’

TELETTRA Synchrotron Light Source, Trieste, Italy,
2University of Trieste, Trieste, Italy, ltalian Institute

of Technology, Center for Bio-Molecular Nanotechnology,
Arnesano, Lecce, ltaly, 4University of Udine, Udine, Italy

Intrinsically Disordered Proteins are characterized by the
lack of a well-defined 3-D structure and show high
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conformational plasticity. Their structure depends tremen-
dously on their local environment and confinment, and may
accommodate several unrelated conformations, that are a
strong challenge for the traditional characterizations of
structure, supramolecular assembly and biorecognition
phenomena. Atomic Force Microscopy (AFM) has been
successfully exploited for both highly controllable nanoli-
thography of biomolecules and for biorecognition studies,
such as oriented prion protein - antibody interaction
(Sanavio et al., ACS Nano (2010) 4(11): 6607, Bano et al.
Nano Lett (2009) 9(7): 2614-8). Here, we report different
strategies for selective, oriented confinement of alpha-
synuclein at the nanoscale for sensitive and accurate direct
detection, via precise topographic measurements on ultra-
flat surfaces, of biomolecular interactions in confined
assemblies.

P-082

Screening and characterization of membrane-peptide
interactions in new crotamine-derived CPPs

Andrea Santos', Margarida Rodrigues’, Beatriz G. de la
Torre?, Gandhi Radis-Baptista®, Miguel Castanho",
David Andreu?, Nuno C. Santos’

TInstituto de Medicina Molecular, Faculdade

de Medicina da Universidade de Lisboa, Lisbon, Portugal,
2Departament de Ciéncies Experimentals i de la Salut,
Universitat Pompeu Fabra, Barcelona, Spain,

3 aboratério de Bioquimica e Biotecnologia,

Instituto de Ciéncias do Mar, Universidade Federal

do Ceara, Fortaleza, Brazil

A new class of cell penetrating peptides (CPPs) was gen-
erated by splicing the (1-9) and (38-42) segments of
crotamine, a toxin from Crotalus durissus terrificus venom
[1]. As they localize preferably on the nucleolus, these novel
CPPs were named nucleolar-targeting peptides (NrTPs).
The extent of NrTP partition to zwitterionic (POPC;
POPC:cholesterol 67:33) and anionic (POPG; POPC:POPG
70:30) lipid vesicles was studied following the intrinsic Tyr or
Trp fluorescence of the peptides. The partition curves into
POPC zwitterionic vesicles were characterized by downward
slopes and higher partition coefficients (K,~10*-10°). For
pure POPG, an upward curve and smaller partition coeffi-
cient point out for a different type of membrane-peptide
interaction. POPC:POPG membranes present characteris-
tics of both types of interaction. From red edge excitation shift
and quenching experiments similar conclusions were
attained. Leakage assays ruled out lipid vesicle disruption by
crotamine or NrTPs. Further studies on NrTP cellular trans-
location mechanism and large molecule delivery are
currently in progress.

[11 Radis-Baptista et al., J. Med. Chem. 2008, 51, 7041-4.
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Modulation of the interaction and organization

of Human Dystrophin repeats 11-15 subdomain

with Membrane

Joe Sarkis'?, Jean-Frangois Hubert', Baptiste Legrand’,
Estelle Robert?, Angélique Chéron', Julien Jardin®,

Eric Hitti*, Elisabeth Le Rumeur', Véronique Vié?
Université Européenne de Bretagne (UEB), "UMR-CNRS
6026 - IFR 140, Equipe RMN-Interactions lipides protéines,
Faculté de Médecine, CS 34317, Université de Rennes 1,
2UMR-CNRS 6251, Institut de Physique de Rennes (IPR),
Université de Rennes 1, 3INRA, AGROCAMPUS-OUEST,
UMR 1253, Science et Technologie du Lait et de I'ceuf
and “Laboratoire Traitement du Signal et de I'lmage (LTSI),
INSERM 642, Rennes, France

Dystrophin is essential to skeletal muscle function and con-
fers resistance to the sarcolemma by interacting with
cytoskeleton and membrane.

We characterized the behaviour of DYS R11-15, a five
spectrin-like repeats from the central domain of human
dystrophin, in the presence of liposomes and monolayers
as membrane models. Interaction of DYS R11-15 depends
on the lipid nature, anionic or zwitterionic, with SUVs, and
on the lipid packing when comparing LUVs to SUVs. Lat-
eral pressure of lipid monolayers modifies the protein
organization and leads DYS R11-15 to form a regular net-
work as revealed by AFM. Trypsin proteolysis assays show
that the protein conformation is modified following its
binding to monolayer and SUVs. Label free quantification
by Nano-LC/MS-MS allowed identifying the helical amino
acid sequences in repeats 12 and 13 that are involved in
the interaction with anionic SUVs. Results indicate that
DYS R11-15 constitutes a part of dystrophin that interacts
with anionic as well as zwitterionic lipids and adapts its
interaction and organization depending on lipid-packing and
lipid nature.

We provide here strong experimental evidence for a physi-
ological role of the central domain of dystrophin on
sarcolemma scaffolding through modulation of lipid-protein
interactions.

P-084

Structural and functional investigation of astaxanthin
binding to the catalytic domain of matrix metalloprotease
MMP-13

Ahmed Sayed', Mervat M. Elsayed?, Paul Tucker®,

Karim Fahmy

"Div. Biophysics, Institute of Radiochemistry, Helmholtz-
Zentrum Dresden-Rossendorf, PF 510119,01314 Dresden,
Germany, 2Chemistry Dep., Cairo University, El Gamaa
street, 12613 Cairo, Egypt, 3EMBL-Hamburg c/o DESY,
Building 25A, Notkestrasse 85, 22603 Hamburg, Germany
E-mail: a.sayed@hzdr.de

Matrix metalloproteases (MMPs) are zinc-containing prote-
ases involved in the remodeling and breakdown of
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extracellular matrix proteins. Overexpression of the MMPs
has been associated with a variety of diseases ranging
from periodontal disease and arthritis to tumor invasion
and metastasis. The majority of the more powerful syn-
thetic inhibitors of MMPs incorporate a hydroxamate group,
but exhibit low selectivity and are toxic. In a recent mod-
eling study, Astaxanthin (AST), a carotenoid with potent
antioxidant property, has been shown to be a potential
inhibitor of MMP-13 function by occupying a binding site
near the active center of the enzyme (Bika'di et al. 2006).
In our ongoing project, we investigate the binding of AST
to the catalytic domain of MMPs using biochemical and
ultimately crystallization to validate the proposed action of
AST. Along these lines, the catalytic domain of MMP-13
(cdMMP-13) was expressed in E.coli BL21(DE3) Codon-
Plus and refolded using a novel effective refolding method.
Our results reveal that AST has a potent inhibitory effect
on cdMMP-13 activity, however, determination of 1Csqo, or
K; is difficult due to fast oxidation and structural instability
of AST. Ongoing work aims at optimizing the inhibition
conditions and improving the refolding yield to allow ana-
lyzing structure and function of the AST-bound MMP-13 in
more detail.

Bikadi et al. (2006) Bioorg Med Chem 14:5451-8.

P-085

Macromolecular transport across hyaluronic acid
barriers

Michaela Schatz and Claudia Steinem

Institute for Organic and Biomolecular Chemistry, University
of Géttingen, Tammannstralle 2, 37077 Goéttingen, Germany

Hyaluronic acid (Hyaluronan, HA) is a linear polysaccharide
with a molar mass in the range of 10° to 107 Da and is built
from alternating units of glucuronic acid and N-acetylgluco-
samine. Synthesized in the cellular plasma membrane, it is a
network-forming and space-filing component in the extra-
cellular matrix of animal tissues.

Here, we create hyaluronic acid films atop a porous alumina
substrate, where they act as a barrier for macromolecular
transport depending on their length and geometry. The
geometry of the hyaluronic acid switches between a fully
stretched and a mushroomlike state and is dependent on the
concentration of hyaluronic acid.

To bind hyaluronic acid selectively atop the nanoporous
anodic aluminum oxide (AAO), the AAO is orthogonally
functionalized by silane chemistry. By means of time
resolved optical waveguide spectroscopy (OWS) the trans-
port of macromolecules, e.g. avidin, across the hyaluronic
acid barriers can be recorded as a function of the pore
diameter and hyaluronic acid concentration in a time
resolved and label free manner. Confocal laser scanning
microscopy (CLSM) provides an alternative method to
investigate the orthogonal functionalization of the pores and
to elucidate whether a molecule can cross the barrier at the
pore entrance.

P-086

Immobilization of ABCC3 with Defined Orientation

in an Environment Suitable for Transport Studies
Patrick Seelheim, Isabelle Halstrick, Hans-Joachim Galla
Department of Biochemistry/Graduate School of Chemistry,
University of Muenster Wilhelm-Klemm-Str. 2, 48149
Miinster, Muenster, Germany

E-mail: patrick.seelheim@uni-muenster.de; gallah@uni-
muenster.de

We functionalized gold surfaces with a hydroxy-terminated
self-assembled thiol monolayer exposing an adjustable
fraction of biotin moieties.!"! By in-situ acetylation or fluori-
nation, surface properties could be fine-tuned to different
protein immobilization scenarios. Using streptavidin as a
linker protein, immobilization of human ABCC3? in liposomal
and planar bilayer systems was possible.
ABCC3-containing proteoliposomes doped with a biotinyla-
ted anchor lipid were successfully tethered to our
streptavidin-coated surfaces.

Biotinylation of the extracellular glycosylation of ABCC3
allowed direct immobilization with inside-up orientation and
subsequent assembly of a lipid bilayer. Outside-up orienta-
tion was achieved by exploiting the C-terminal histidin tag of
recombinant ABCC3 for immobilization via Ni?* and biotin-
nitrilotriacetate.

All systems were thoroughly characterized by quartz crystal
microbalance, atomic force microscopy and surface plasmon
resonance techniques with respect to monitoring ABCC3-
mediated substrate transport in real time.

[11 M. Seifert, M. T. Rinke, H.-J. Galla, Langmuir 2010, 26,
6386.

[2] B.Zehnpfennig, I. L. Urbatsch, H.-J. Galla, Biochemistry
2009, 48, 4423.

P-089

Controversial sixth heme-ligand in non native human
cytochrome ¢ conformations

Matthieu J Simon, Valerie Metzinger, Olivier Delalande,
Arnaud Bondon

CNRS UMR 6026, RMN-ILP, Université de Rennes 1,
CS 34317 35043 Rennes, Cedex, France

E-mail: matthieu.simon@univ-rennes1.fr

Because of its role in the apoptotic pathway, conformational
transitions of cytochrome c (cyt c) have gain on interest.

In native cyt ¢, Met 80 and His 18 residues serve as heme
axial ligands. Cyt c interaction with the membrane causes the
disruption of the iron—Met80 bond. This allows the binding of
others endogenous ligands forming alternative low spin
species'? or induces peroxidase activity through the forma-
tion of a five coordinated high spin iron specie. Acquisition of
this peroxydase activity by cyt ¢ has been shown to be a key
stage before its release from the mitochondria®.

In order to study these non native low spin species by
checking the possible amino acids able to bind the human cyt
¢ heme, different mutants have been designed and pro-
duced: H26Q, H33N, and the double one H26Q/H33N. SDS
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micelles and pH titration permit us to characterize all the
possible ligands of the cyt c in the alternative low spin form.
An original model of the conformational changes of micellar
cyt ¢ will be proposed.

1. Oellerich S.; Wackerbarth H.; Hildebrandt P.; Eur.
Biophys. J. EBSA 2003, 32: 599-613

2. Chevance S.; Le Rumeur, E.; De Certaines, J. D
Simonneaux, G.; and Bondon, A.; Biochemistry, 2003,
42, 15342-15351

3. Kagan et al; Nat. Chem. Biol. 1, 2005, 1, 223-232.
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Unfolding of the cod parvalbumin Gad m 1 allergen
by high pressure

Judit Somkuti’, Merima Bublin?, Heimo Breiteneder?,
Laszlo Smeller’

"Dept. Biophysics and Radiation Biology, Semmelweis
University, Budapest, Hungary, Dept. Pathophysiology
and Allergy Research, Medical University Vienna, Vienna,
Austria

In countries where seafood is an integrate part of the diet,
fish are among the most common food allergen sources. The
major fish allergen parvalbumins are abundant in the white
muscle of many fish species. Parvalbumin belongs to the
family of EF-hand proteins and has a globular shape con-
taining six helical parts.

High pressure is known to unfold proteins. We performed
high pressure FTIR experiments, to explore the p-T phase
diagram of cod parvalbumin, Gad m 1, to test the possibility
of its inactivation by high pressure treatment.

The infrared spectrum of parvalbumin is characteristic for the
helical conformation, in agreement with the crystal structure.
A marked transition in the structure of the parvalbumin was
observed with the central point of 0.5 GPa (at room tem-
perature). The amide | position shifts to a wavenumber which
is between the helical and the unfolded position. We assign
this change to a native-molten globule transition. It was
reversible as seen from the infrared spectra.

Temperature experiments show a two-step unfolding of the
protein. Above 45 °C we have molten globule structure.
Complete unfolding occurs above 70 °C. The unfolding is
accompanied with aggregation of the protein. The aggrega-
tion can however be prevented by relatively low pressure of
0.2 GPa.

P-091

Development of a biomembrane sensor based

on reflectometry

Milena Stephan, Andreas Janshoff

Institute of Physical Chemistry, Georg-August University
of Géttingen, Germany

It has been proven in the past that reflectometric interference
spectroscopy (RIfS) is a powerful measurement system for

@ Springer

the detection of protein-protein interactions'. We present
here the development of a reflectometric sensor which
allows for the detection of membrane-protein interactions in
the micromolar regime. In this study we employ two differ-
ent instrumental assemblies. The first installation enables
direct detection and quantification of the interaction of
membrane proteins with solid supported lipid bilayers. In
the second assembly the original instrument is combined
with an upright fluorescence microscope. The advantages
of this installation are the direct optical control of the
experiment as well as a smaller sensing area. The set-up
allows for the detection of interactions on lipid-patches of
just several micrometers in diameter. The aim of this work is
an experimental system that enables the measurement of
transport processes through lipid membranes. We attempt
to achieve this by covering a closed porous substrate with a
lipid membrane. The first steps to reach this goal were done
by spanning membranes over anodized aluminum oxide
substrates.

1. Schwartz, M.P.; Alvarez, S. D.; Sailor, M.J.: Analytical
Chemistry 2007, 79, 327-334.
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The incorporation of Hypericin and Emodin into artificial
lipid membranes

A. Strejekova’, J. Stani¢ova?, G. Band',

K. Stroffekova’, G. Fabriciova®, P. Miskovsky'

"Department of Biophysics, P. J. Safarik University in KoSice,
Slovakia, 2Institute of Biophysics and Biomathematics,
UVMF, Kosice, Slovakia

Hypericin (Hyp) has been studied because of its possible
application in photodynamic therapy of cancer. Emodin
(Emd) is used as a precursor for Hyp synthesis. The trans-
port of Hyp and Emd through the cell membrane is of major
importance for their delivery into target tumor cells. Hyp and
Emd form non-fluorescence aggregates in aqueous solu-
tions, but are dissolved in the lipid membrane in their
monomer form. Black lipid membranes (BLMs) were formed
by painting DPhPC onto a hole connecting two chambers of
a Teflon cell. After forming the BLM Hyp or Emd was added
into one of the chambers. Hyp and Emd monomers incor-
porated into the BLM were detected by measuring their auto-
fluorescence signal using 532 nm and 405 nm lasers exci-
tation, respectively. Characteristic time of the fluorescence
signal increase during the incorporation of Hyp and Emd into
the BLM was found to be approx. 50 and 10s, respectively.
This time period has two components. First, there is a diffu-
sion time of the studied drug molecules across the boundary
layer near the BLM surface. Second, there is the time need
for the incorporation of the adsorbed molecules into the BLM.
This work was supported by the grants of Slovak Ministry of
Education VEGA No. 1/1154/11, LPP-0290-09, and APVV-
0449-07.
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FRET, FCCS and MD-modeling reveal unexpected
homodimerization of the Fos transcription factor in live
cells

N. Szaloki," I. Komaromi,® S. Damjanovich,’

K. Téth,” G. Vamosi'

"Cell Biology and Signaling Research Group of the Hung.
Acad. Sci. and Dept. of Biophysics and Cell Biology, Medical
and Health Science Center, Univ. of Debrecen, Hungary,
2Div. Biophysics of Macromolecules, DKFZ, Heidelberg,
Germany, *Haemostasis, Thrombosis and Vascular Biology
Research Group of the Hung. Acad. Sci, Clinical Research
Center, Medical and Health Science Center, Univ.

of Debrecen, Hungary

Fos and Jun, members of the activator protein 1 family of
transcription factors, play a role in the regulation of a wide
range of physiological processes and are also known as
oncogenes. They belong to the basic-region leucine-zipper
proteins binding to DNA as heterodimers. Whereas purified
Jun can also form homodimers (less stable than the het-
erodimer), earlier in vitro studies showed that Fos was mainly
monomeric. The instability of Fos homodimers was attributed
to the electrostatic and hydrophilic properties of the leucin-
zZipper.

We have previously shown by fluorescence crosscorrelation
spectroscopy that Fos and Jun formed stable complexes in
Hela cells and described their C terminal conformation using
FRET and molecular dynamic modeling. Here we give
evidence that Fos can also form homodimers in live cells,
and estimate their K4. FRET efficiency between Fos-CFP and
Fos-YFP increased with increasing expression level and
increasing acceptor-to-donor ratio up to E~4%. Truncation
of the C termini by 165 AA brought the dyes closer together
resulting in E~10%. FCCS corroborated stable association.
MD modeling also indicated that stable homodimers could be
formed. Our results introduce Fos homodimers as a new
form of AP-1, possibly a new oncogenic form in Fos-over-
expressing tumors.

P-094

Expression and biophysical characterization of cardiac
leiomodin 2

David Szatmari, Réka Dudas and Miklos Nyitrai

University of Pécs, Medical Faculty, Department

of Biophysics, Pécs, Hungary

Initiation of actin polimerization in cells requires nucleation
factors. A pointed-end-binding protein of F-actin -the lei-
omodin2- acts as a strong filament nucleator in muscle cells.
The dynamical, structural and kinetic properties of a protein
can provide important information to understand the intra-
molecular events underlying its function. We are interested in
how does the leiomodin2 regulate the actin polimerization.
Our aim is to determine the dissociation constant of the actin-
leiomodin2 complex, and study a possible side-binding effect
of the leiomodin2. The cardiac leiomodin2 of Rattus nor-
vegicus is a 50 kDa molecular weight protein, which contains
a 17 kDa N-terminal, a 18 kDa leucin reach repeat (LRR)
and a 15 kDa C-terminal region. The N-term and the LRR
regions are together tropomodulin homologues. We

expressed the wild type the N-term+LRR the LRR+C-term
and the C-term protein fragments by using a pTyB1 vector
that contains an amplicillin resistance gene. The expression
of the proteins was carried out with the Twin-CN (NE Bio-
Labs) kit, which is a chitin-intein self-cleavage and
purification system. The nucleation activity of leiomodin and
the polimerization speed of actin in the presence of tropo-
myosin and leiomodin were studied by using pyrene-actin
polimerization assay. We measured the stoichiometric, con-
formational and kinetic properties of the leiomodin-actin
complexes with co-sedimentation assay, fluorescence
spectroscopic and rapid-kinetic methods. The results
showed that the rate of actin polimerization depended on the
leiomodin2 concentration. The nucleator activity of leiomo-
din2 was ionic strength dependent. The data also confirmed
that leiomodin2 is a side-binding and pointed-end binding
protein of F-actin. The binding of leiomodin2 to the sides of
the actin filaments was slower than to the pointed-end of the
F-actin. The structure of F-actin was changed by the side-
bound leiomodin2. These observations will contribute to the
better understanding of the development and function of thin
filaments in cardiac and other muscle tissues.

P-095

The influence of doxorubicin transferrin conjugate

on the human leukemic lymphoblast cells

Marzena Szwed, Katarzyna Wisniewska, Aneta Rogalska,
Agnieszka Marczak, Zofia Jozwiak

Department of Thermobiology, Institute of Biophysics,
Faculty of Biology and Environmental Protection, University
of Lodz, Pomorska 141/143 Street, 90-237 Lodz, Poland

Leukemias are one of the most common malignancy world-
wide. There is a substantial need for new chemotherapeutic
drugs effective against these diseases. Doxorubicin (DOX),
used for treatment of leukemias and solid tumors is poorly
efficacious when administered systemically at conventional
doses. Therefore, in our study, to overcome these limitations,
we used transferrin (TRF) as a drug carrier. We compared
the effect of DOX and doxorubicin-transferrin conjugate
(DOX-TRF) on human leukemic lymphoblasts (CCRF-CEM).
The in vitro growth-inhibition test, XTT assay, indicated that
DOX-TRF was more cytotoxic for leukemia cells than DOX
alone.

In our researches we also evaluated the alternations of
mitochondrial transmembrane potential (A¥.,), and pro-
duction of reactive oxygen species (ROS). We monitored
the A¥Y,, using dye JC-1 (5,5,6,6-tetrachloro-1,1’,3,3'-tet-
raethylbenzimidazolcarbocyanine) The level of ROS was
studied using the fluorescent probe DCFH,-DA (2°, 7'-
dichlorodihydrofluorescein diacetate). The results demon-
strate that DOX-TRF induced, decrease of mitochondrial
membrane potential and significantly higher production of
ROS compared with DOX treated cells. Moreover, all these
results seem to be correlated with DNA fragmentation
analyzed by DNA ladder. The tested processes were par-
tially inhibited by the antioxidant, N — acetylocysteine
(NAC).

The changes induced by DOX-TRF conjugate and free drug
were suggest the different mechanism of action of DOX
alone and conjugated with transferrin.

@ Springer
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Time-resolved detection of protein-protein interaction
Masahide Terazima

Kyoto University, Kyoto, 606-8502, Japan

Revealing molecular mechanism of a protein reaction has
been a central issue in biophysics. For that purpose, a
variety of time-resolved spectroscopic methods have been
developed. However, most of them can monitor only
dynamics associated with an optical transition and it has
been very difficult to trace processes without optical tran-
sition. We used the pulsed laser induced transient grating
(TG) method to study spectrally silent reactions of various
proteins in time-domain. Here we will show studies on
PixD.

PixD is a 17 kDa short protein which consists of the BLUF
domain and additional short helices, and is involved in
phototactic movement. The photochemical reaction studied
by absorption spectroscopy revealed that this protein
exhibits typical photochemistry of the BLUF proteins. The
red-shifted intermediate is generated within a 100 ps. The
spectrum does not change after this initial reaction,
and returns back to the dark state with a time constant of
12 s at room temperature. We studied the reaction of this
protein by our method and found that the protein-
protein interaction is drastically changed during the reac-
tion. The details and the biological meaning will be
presented.

P-097

Molecular motions and exchange processes in human
ileal bile acid-binding protein

Gerg6 Horvath, Gabor Tarkanyi and Orsolya Toke
Chemical Research Center of the Hungarian Academy

of Sciences, Pusztaszeri ut 59-67, H-1025 Budapest,
Hungary

Human ileal bile acid-binding protein (I-BABP) plays a key
role in the enterohepatic circulation of bile salts. Previously
we have shown that the protein has two binding sites and tri-
and dihydroxy bile salts bind with strong and moderate
positive cooperativity, respectively. Positive cooperativity is
thought to be related to a slow conformational change in the
protein.

Our current study is directed at the structural and dynamic
aspects of molecular recognition in human I-BABP using
nmR spectroscopy and other biophysical techniques. As a
first step in the investigation, '°N relaxation nmR experi-
ments have been employed to characterize the backbone
motion in the apo and holo protein on a wide range of
timescales. Our results show a moderately decreased ps-ns
flexibility in the ligated protein, with most significant ordering
near the portal region. In addition, the measurements indi-
cate a slow pus-ms fluctuation at four distinct segments in the
apo protein, a motion not observed in the doubly-ligated form
at room temperature. Our studies support the hypothesis of
an allosteric mechanism of binding cooperativity in human
I-BABP. To shed more light on the molecular details of the
binding mechanism, a site-directed mutagenesis study is in
progress.
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DNA binding of newly synthesized porphyrin-
tetrapeptide conjugates
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Cationic porphyrin-peptide conjugates were recently shown
to enhance the delivery of peptide moiety to the close vicinity
of nucleic acids but their interaction with DNA is not yet
studied. We synthesized two cationic porphyrin-peptide
conjugates: Tetra-peptides were linked to the tri-cationic
meso-tri(4-N-methylpyridyl)-mono-(4-carboxyphenyl)porphy-
rin and bi-cationic meso-5,10-bis(4-N-methylpyridyl)-15,20-
di-(4-carboxyphenyl)porphyrin. DNA binding of porphyrins,
and their peptide conjugates was investigated with compre-
hensive spectroscopic methods. Evidences provided by the
decomposition of absorption spectra, fluorescence decay
components, fluorescence energy transfer and CD signals
reveal that peptide conjugates of di- and tricationic porphy-
rins bind to DNA by two distinct binding modes which can be
identified as intercalation and external binding. The peptide
moiety does not oppose the interaction between the DNA
and cationic porphyrins.

We compared the effect of complexation on structural
stability of DNA and nucleoprotein complex : HelLa nucleo-
somes and T7 phage. UV and CD melting studies revealed
that the porphyrin binding increases the melting temperature
of DNA and destabilizes the DNA protein interaction in the
nucleosomes but not in the T7 phage.
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Nanohydrogels are porous nanosized, water-swellable,
cross linked macromolecular networks, made from hydro-
philic polymers. They possess high water content, and offer
many advantages for polymer-based drug delivery systems:
i) a tunable size from tens of nanometers to micrometers, ii) a
large surface area appropriate for multivalent bioconjugation,
and iii) a functionalized internal network for the incorporation
of different drugs in particular, or many other biomolecules in
general.

Polymeric nanoparticles based on poly(N-isopropylacrylam-
ide) (PNIPA) and poly(acrylic acid) (PAA) have been
characterized by Isothermal Titration Calorimetry (ITC)
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technique. Additionally core shell structures made by com-
bining a superparamagnetic core with a polymeric or co-
polymeric shell have been also investigated. These materials
have been increasingly exploited as efficient delivery vectors.
The types and the number of binding sites N per nanoparticle
as well as the corresponding binding constant K, and the
reaction enthalpy 4H have been obtained for several bio-
molecules. If the small molecules are attached by
noncovalent intermolecular interactions the large biomole-
cules like proteins bind mainly by electrostatic forces.
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Actin monomers generally bind ATP or ADP. During
the polymerization of actin monomers into filaments the
bound ATP is hydrolysed into ADP and inorganic phosphate
(Pi). The biological function of the ATP hydrolysis in actin is
unclear yet. Our aim was to shed light on the molecular
mechanisms attributed to the hydrolysis process. To achieve
these aims we substituted the actin bound ATP with a non-
hydrolyzable nucleotide analogue, AMP.PNP, and monitored
the local and global conformational changes in globular and
filamentous actin during the nucleotide exchange. We used
two biophysical methods, electron paramagnetic resonance
spectroscopy (EPR) and differential scanning calorimetry
(DSC).

The results show that the rotational correlation time of the
actin bound spin label was increased in case of the
AMP.PNP-actin monomers, indicating conformation and
flexibility changes in the actin filaments. Parallel to these
spectral changes the thermal transition temperature
observed in the calorimetric experiments was shifted to
higher temperatures in AMP.PNP-actin. We concluded that
the nucleotide replacement induced both local and global
conformational and flexibility changes the actin.
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Recent conditional mutagenesis studies identified kinase
independent functions of Raf-1. Among these, its

interaction with the cytoskeletal-based Rho-dependent
kinase Rock2 was proven to have a direct role in Ras-
driven epidermal tumorigenesis. The mode of this interac-
tion is entirely novel, since instead of phosphorylation, a
direct protein-protein interaction causes the inhibition of
Rock2: the negative regulatory domain of Raf can restrain
the activity of Rock2 kinase domain. In cells, both kinases
can exist as homodimers, but whether Rock homodimer-
isation and/or homo/heterodimerisation of Raf are
necessary for the Raf-1:Rock2 interaction is still unknown.
We found that Rock dimerisation is dispensable, whereas
Raf dimerization is detrimentral for the interaction. Based
on molecular modelling studies, the contribution of possible
salt-bridges to the interaction was also tested. Produc-
tion of soluble proteins for further co-crystallisation studies
is underway in the laboratory, with the long-term aim of
designing inhibitors of the interaction. Since Raf-1 is
dispensable for epidermal homeostasis, targeting the
Raf-1:Rock2 interaction could be a viable strategy for
the molecular (co)therapy of Ras-driven epidermal
tumours.
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The wide nucleotide specificity of 3-phosphoglycerate kinase
(PGK) allows its contribution to the effective phosphorylation
(activation) of nucleotide-based pro-drugs against HIV. Here
the structural basis of the nucleotide-PGK interaction is
characterised in comparison to other kinases, namely pyru-
vate kinase (PK) and creatine kinase (CK) by enzyme kinetic
and structural modelling studies. The results evidenced
favouring the purine vs. pyrimidine base containing nucleo-
tides for PGK rather than for PK or CK. This is due to the
exceptional ability of PGK in forming the hydrophobic con-
tacts of the nucleotide rings that assures the appropriate
positioning of the connected phosphate chain for catalysis.
The unnatural L-configurations of the nucleotides (both pur-
ine and pyrimidine) are better accepted by PGK than either
by PK or CK. Further, for the L-forms the absence of the
ribose OH-groups with PGK is better tolerated for the
nucleotides with purine rather than pyrimidine base. On
the other hand, positioning the phosphate chain of both
purines and pyrimidines with L-configuration is even more
important for PGK, as deduced from the kinetic studies with
various nucleotide-site mutants. These characteristics of the
kinase-nucleotide interactions can provide a guideline in
drug-design.

@ Springer
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and Levente Herenyi
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Application of porphyrins as photosensitizers (PS) is based
on their light-triggered generation of reactive oxygen species
(ROS) that may cause oxidative damages and ultimately kill
cells. Cellular membranes are the action grounds of many
sensitizers due to their amphiphilic character as well as the
location of many of the targets attacked by ROS. Hence, the
binding ability and location of porphyrins in liposomes as
simple models of cellular membranes are of outstanding
interest. Here we compare two similar mesoporphyrin (MP)
derivatives, namely, MP IX dimethyl ester (MPE) and MP IX
dihydrochloride (MPCI). Monocomponent small unilamellar
vesicles formed of different phosphatidylcholines with incor-
porated MPs were investigated. We determined the binding
parameters by conventional spectroscopy and the inhomo-
geneous distribution functions (IDFs) by fluorescence line
narrowing (FLN) spectroscopy. We found that the binding
ability of MPE is considerably higher than that of MPCI. IDFs
show three distinct binding sites. Based on a consistent
interpretation at the molecular level the “site I” is between the
two lipid layers (for MPE), “site II” is deeply between the
hydrocarbon chains (for both) and “site IlI” is between
the head groups (for MPCI).
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The role of the enzyme types ATP-ases in the muscle
contraction

G. Vincze-Tiszay', J. Vincze', E. Balogh?
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The myofibrilla assuring muscle contraction gains energy to
the slipping in mechanisms and the degree of efficiency of
this process will decisively be determined by the velocity of
recombination of the ATP molecule. In this there play a
particular part the Na'—K*-ATP-ase and Mg'"-ATP-ase
enzymes. Chemical reactions taking place in the living
organism are catalyzed by enzymes, so the recombination
from ADP to ATP, too. This transport process can be mod-
elled from the energetic point of view on the basis of the
general transport theorem through the following formula:

nhox

W=K//gradaxdxdt.

X

From the point of view of muscle contraction it is of interest
that, dependent from the type of the motions whether the
length of time is very short, some seconds, or we can speak
about a long lasting process. In the first case one can
compare the decomposition of the ATP with the avalanche
effect while in the spot. Its degree of efficiency is determined
by the migration and linkage velocity of the ions. Conclusion:

@ Springer

The degree of efficiency of the muscle contraction is
determined by the quantities of the two enzymes (Na*—K'—
ATP-ase and Mg*"—ATP-ase) as related to each other.
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Due to a direct correlation between protein misfolding and
neurodegenerative disorders, the development of small
organic molecules for the detection and inhibition of fibril
formation is of great importance. A set of prospective dyes,
recently synthesized by a nucleophilic substitution of the
bromine atom in 3-bromobenzanthrone, have been tested for
their specificity to amyloid, pre-fibrillar and native amyloido-
genic hen egg white lysozyme by analyzing their binding
isotherms (i. e. lysozyme-induced changes of the dyes’
fluorescence) in terms of Langmuir adsorption model. Based
on the obtained data we concluded that the majority of new
probes could be suitable alternatives for preliminary fluo-
rescent detection of both mature and immature fibrils,
showing stronger affinity for aggregated protein compared to
the commercially available classical amyloid marker Thio-
flavin T. Moreover, these fluorophores showed very weak
binding to the native protein, as judged from the recovered
low association constants. Although all dyes share resem-
bling spectral properties and structure, they are supposed to
have different fibril binding sites because of the different rate
of water relaxation in the immediate vicinity of each
fluorophore.
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Extracellular fluids of vertebrates are supersaturated with
regard to calcium and phosphate. Hence, any tissue is
prone to extensive mineral deposition unless inhibitors are
present. On protein level, fetuin-A is supposed to be one of
the most important factors [1]. Experiments with deletion
mutants have shown that the aminoterminal domain con-
tains a beta sheet with an ordered array of acidic residues,
which mediates the attachment to basic calcium phosphates
[2, 3].
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The inhibition is based on the formation of nanometer-sized,
spherical mineral-fetuin-A colloids, denoted as Calciprotein
Particles (CPPs) [2, 4]. The initially formed CPPs show
hydrodynamic radii in the range of 50 nm and are only
transiently stable. After a distinct lag time, they are subject to
a morphological change towards larger prolate ellipsoids with
hydrodynamic radii of 100-120 nm [5].

In this context, we studied the role of fetuin-A in the formation
and ripening of CPPs. On the one hand, dynamic light
scattering (DLS) was used to study the influence of tem-
perature, fetuin-A  concentration and mineral ion
supersaturation on the kinetics of CPP ripening [6]. On the
other hand, the protein fetuin-A was investigated by means of
small angle X-ray scattering (SAXS) and fluorescence cor-
relation spectroscopy (FCS).

[1] Ketteler, M., Bongartz, P. et al. (2003). Lancet 361:
827-833

[2] Heiss, A., A. DuChesne, et al. (2003). Journal of
Biological Chemistry 278(15): 13333-13341.

[3] Jahnen-Dechent, W., C. Schéafer, et al. (2001). Zeits-
chrift fur Kardiologie 90(3): 111/47-111/56.

[4] Price, PA., Lim, J.E. (2003). Journal of Biological
Chemistry 278: 22144-22152

[5] Heiss, A., T. Eckert, et al. (2008). Journal of Biological
Chemistry 283(21): 14815-14825.

[6] Wald, J., S. Wiese, et al. (2011). Soft Matter 7:
2869-2874.
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Experimental physics’ resources for studying biological
macromolecules; deep insight into DcpS enzymatic
hydrolysis of short capped mRNAs
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Degradation of the mRNA cap (mRNA 5 end) by DcpS
(Decapping Scavenger) enzyme is an important process of
the gene expression regulation, but little is known about its
mechanism. The biological role of DcpS and its potential
therapeutic applications, e.g. as a novel therapeutic target for
spinal muscular atrophy, make it an interesting object for
biophysical investigations. The ability of DcpS to act on
various short capped mRNAs will be presented. We have
examined the substrate specificity and binding affinity of the
enzyme in a quantitative manner, employing experimental
physics’ resources, such as atomic force microscopy (AFM)
and fluorescence spectroscopy for enzyme kinetics and time-
synchronized-titration method (TST). Applied approach
resulted in several conclusions about DcpS substrate rec-
ognition. For the first time, stereoselectivity of the hydrolysis
process catalysed by DcpS will be demonstrated. Presented
data clearly point out the constitutive features for designing
the selective inhibitors of processes in which DcpS enzyme
is involved. Detailed characteristics of the techniques intro-
duced in biophysical characteristic of DcpS may be
indispensable for other nucleotide binding proteins

investigation, as well as for studies of many other kinds of
macromolecules.
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Plant defensins are small cysteine-rich antimicrobial peptides
occurring in various plant species. They share a common
three-dimensional structure, stabilized by eight disulphide-
linked cysteines and composed of three antiparallel f—
strands and one a—helix. Most plant defensins possess
antifungal or antibacterial activity but are non-toxic to mam-
malian and plant cells. Plant defensins induce membrane
permeabilization, resulting in Ca®* uptake, K* efflux, alka-
linization of the medium, and membrane potential changes.
The gene encoding for a peach (P. persica) defensin PpDfn1
was expressed and purified in E. coli. Defensin was tested for
antimicrobial activity against fungi by Sytox Green assays.
Data revealed that PpDfn1 has a inhibitory effect on spore
germination and acts through membrane permeabilization.
Biophysical analysis demonstrated that this protein was able
to interact with model and natural membranes. Binding of
defensin to lipid membranes was dependent on lipid compo-
sition and surface charge. Interaction with fungal membrane
lipid components leads to the insertion of peach defensin into
the membrane resulting in membrane destabilization.

Sponsored by Bando per progetti di ricerca scientifica ap-
plicata Fondazione Cassa di Risparmio di Trento e Rovereto
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Background: Immunohistochemistry (IHC) color imaging
and pathological evaluation of clinical specimens have been
the standard practice in pathology for cancer diagnosis and
detection. IHC true color imaging suffers from the inherited
complications of photobleaching and autofluorescence. It
cannot detect multiple biomarkers at a time on the same
specimen due to the inability to un-mix the signals. A more
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dynamic detection technology is needed. We developed a
multiplexed quantum dot-IHC (mQD-IHC) protocol that can
detect cell signaling in cells for their epithelial to mesenchy-
mal transition (EMT) (Xing, et al. Nat Protoc. 2 (5):1152-65,
2007). In this study we extended the application of mQD-IHC
to investigate potential biomarkers associated with prostate
cancer (PCa) invasiveness and lethal progression.
Objectives: To establish a mQD-IHC protocol using QD
light-emitting nanoparticles 1) to detect the expression/acti-
vation of critical cell signaling proteins at the single cell level;
2) to image the plasticity and lethal progression of human
PCa with specific emphasis on EMT and ¢c-MET signaling;
and 3) to examine the utility of mQD-IHC in clinical PCa
specimens to determine its invasion ability and predict its
metastatic capability.

Results: We analyzed the co-expression and activation of
osteomimicry associated biomarkers: 2-Microlgobulin ($2-
M), phosphorylated cyclic AMP responsive element binding
protein () CREB) and androgen receptor (AR) in 2,100 cells
from 14 localized PCa tissue areas (Gleason 3 and 4) of 10
patients with known metastatic status. The overall median %
triple positive for f2-M*/pCREB*/AR" cells was 51.5%. The
median triple positive for the samples with metastatic potential
was 61% compared with those without metastatic potential
(median = 0%); p = 0.01 by a Wilcoxon rank sum test. The
results were confirmed in 11 PCa bone metastatic specimens.
We also investigated the c-MET signaling in castration-resis-
tant human PCa model or CRPC xenografts and the clinical
PCa specimens and found that the downstream signal com-
ponents including pAkt and Mcl-1 were activated.
Conclusion: To validate our findings, additional clinical
specimens with confirmed survival data will be analyzed and
the cell-signaling-network-based mQD-IHC will be auto-
mated by Vectra Image Analysis System in a high throughput
manner with the hope to predict the lethal progression of PCa
prior to clinical manifestation of distant metastases.
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Protein ligand binding is an important field of biopharma-
ceutical research. There are many techniques for quantitative
determination of the ligand binding. The combination of iso-
thermal titration calorimetry (ITC) and thermal shift assay
provides a robust estimate of the binding constant.

Many binding reactions are coupled to the absorption or
release of protons by the protein or the ligand, conforma-
tional changes of the protein and other processes. To
correlate the structural features of binding with the energetics
of binding one needs to carry out a detailed thermodynamic
study of the binding reaction and to determine dependencies
such as pH, buffer and temperature.

Here we present a detailed thermodynamic description of
radicicol binding to human heat shock protein Hsp90 and
determined proton linkage contributions to observed binding
thermodynamics. We calculated the pK, of the group
responsible for proton linkage, the protonation enthalpy of
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this group and intrinsic thermodynamic parameters for rad-
icicol binding. The intrinsic enthalpy of radicicol binding to
Hsp90 is one of the largest enthalpies observed for any
protein — ligand binding. The structural features responsible
for such large binding enthalpy and very favorable intrinsic
binding Gibbs free energy are discussed.
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The combination of optical imaging methods with targeted
expression of protein-based fluorescent probes enables the
functional analysis of selected cell populations within intact
neuronal circuitries. We previously demonstrated optoge-
netic monitoring of electrical activity in isolated cells, brain
slices and living animals using voltage-sensitive fluorescent
proteins (VSFPs) generated by fusing fluorescent proteins
with a membrane-integrated voltage sensor domain. How-
ever, several properties of these voltage reporters remained
suboptimal, limiting the spatiotemporal resolution of VSFP-
based voltage imaging. A major limitation of VSFPs had
been a reduced signal-to-noise ratio arising from intracellular
aggregation and poor membrane targeting upon long-term
expression in vivo. To address this limitation, we generated a
series of enhanced genetically-encoded sensors for mem-
brane voltage (named VSFP-Butterflies) based on a novel
molecular design that combines the advantageous features
of VSFP2s and VSFP3s with molecular trafficking strategies.
The new sensors exhibit faster response kinetics at sub-
threshold membrane potentials and enhanced localization to
neuronal plasma membranes after long-term expression in
vivo, enabling the optical recording of action potentials from
individual neurons in single sweeps. VSFP-Butterflies pro-
vide optical readouts of population activity such as sensory-
evoked responses and neocortical slow-wave oscillations
with signal amplitudes exceeding 1% AR/Rq in anesthetized
mice. VSFP-Butterflies will empower optogenetic electro-
physiology by enabling new type of experiments bridging
cellular and systems neuroscience and illuminating the
function of neural circuits across multiple scales.

References:
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Previously, we have pointed out that biophoton production
can be a controlled process that originates from regulated
redox/radical reactions. Our biophoton experiments support
the notion that various visual related phenomena such as
discrete retinal noise, retinal phosphenes as well as negative
afterimages are due to biophotons. We have also suggested
a new model, stating that the brain is able to create bio-
physical pictures in retinotopic visual areas via redox
regulated biophotons of synchronized neurons. According to
our interpretation, visualization (imagery) is a special kind of
representation i.e., visual imagery requires peculiar inherent
biophysical processes. Our idea of biophysical visual virtual
reality in retinotopic areas may be a possible biophysical
basis of Kosslyn’s reality simulation principle in the case of
visual imagery. Long-term visual memories are not stored as
biophysical pictures but as epigenetic codes. During visual
imagery, top-down processes control the epigenetic encoded
long-term visual information. Then, according to retrieved
epigenetic information, synchronized retinotopic neurons
generate dynamic patterns of biophotons via redox reactions
that can produce biophysical pictures. We have also pre-
sented an iterative model involving a biophysical picture-
representation without homunculus during visual imagery.
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Opsin molecules are a burgeoning new tool for temporally
precise neuronal stimulation or inhibition. Opsin properties
are commonly characterized in cell culture or acute brain
slice preparations using whole cell patch clamp techniques,
where neuronal membrane voltage is fixed at the resting
potential. However, in vivo, where neurons are firing action
potentials, opsins are exposed to large fluctuations in
membrane voltage and transmembrane ionic concentrations
which can influence opsin function. In the case of implanted
light delivery devices, stimulation light power varies as a
function of brain tissue volume. We therefore investigated the
stability of opsin properties across a variety of in vivo-like
stimulation conditions.

We find that off-kinetics of excitatory opsins vary significantly
with holding membrane potential; channelrhodopsin (ChR2)
slowing with depolarisation and ChlEF (ChR1/ChR2 hybrid)
in contrast, accelerating. New ChR2 point mutation variants
demonstrate stability across all membrane potentials. We
additionally explore responses to initial and subsequent light
pulses and find that ChlEF has the unique property of
accelerating kinetics after the first light stimulation. Inhibitory
opsins vary in sensitivity to light in a manner which correlates
with their off-kinetics. Slower opsins, such as Mac (Lep-
tosphaeria maculans), have higher sensitivity at low light
power densities, saturating early relative to fast inhibitory
opsins such as Arch (archaeorhodopsin) and NpHR (halo-
rhodopsin). We discuss the relative merits of stability versus
versatility of opsins under variable stimulation conditions.
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It has been previously shown that overexpression of NDM29
ncRNA in a SKNBE2-derived neuroblastoma (NB) cell line
leads to cell differentiation, with a decrease of malignant
potential. Here we use the patch-recording technique to
characterize the ionic channel apparatus of NB cells
expressing NDM29 at its basal level (Mock cells) or at 5.4
fold higher levels (S1 cells). The two cell lines shared very
similar pools of functional K channels, but S1 cells displayed
larger TTX-sensitive Na currents and were able to generate
action potentials, while Mock cells were not. In addition, while
Mock cells barely express functional GABA receptors, in the
majority of S1 rapid application of GABA elicited a current
with a ECs0=11.4 uM; this current was antagonized by
bicuculline (10 uM) and potentiated by zaleplon (EC50o= 35
nm). In Mock cells, real time PCR evidenced a high level of
GABA, a3 subunit, while in S1 cells a significant expression
of aq and a4 was detected, whereas oz mMRNA was down-
regulated by 70%, confirming the development of functional
GABA, receptors. In the same cell lines, the presence of
specific markers and the secretion of specific cytokines
confirmed that NDM29 expression leads to a differentiation
process toward a neuron-like, rather than glial-like,
phenotype.
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Novel human glioma model in rat brains

V.M. Kavsan', V.P. Baklaushev?, O.V. Balynska’,

G.M. Yusubalieva®, N.Ph. Grinenko?, .V. Victorov?,

V.P. Chekhonin?

TInstitute of Molecular Biology and Genetics, Kyiv, Ukraine,
2V.P. Serbsky National Research Centre for Social

and Forensic Psychiatry, Moscow, Russia

Rodent models of human cancers have been instructional
in understanding the basic principles of cancer biology. It
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was planned therefore to reconstitute a model of brain
tumors in rats by orthotopic implantation of xenogenic
transformed human cells. Among the genes with the most
pronounced increasing expression in tumors we revealed
CHI3L1, encoding the secreted CHI3L1 protein. Overex-
pression of CHI3L1 resulted in increased cell proliferation,
anchor-independent growth, and formation of tumors. Two
main cellular signaling passways, MAPK and PI3K, were
identified to be upregulated in the CHI3L1 expressing 293
cells. To obtain a novel glioma model, 293 cells, which
stably expressed CHI3L1 were stereotactically implanted in
the striatum of female Wistar rats. Huge intracerebral
tumors were observed in each of the rats under investi-
gation. All tumors were surrounded by numerous GFAP-
positive reactive astrocytes what is observed in tumors,
initiated by high grade glioma cultured cells. Tumor for-
mation by 293 cells stably expressing CHI3L1 in rat
brains strongly suggests that CHI3L1 is involved in
tumorigenesis. This model is going to be very useful for
developing systems of oncoprotein synthesis targeted
inhibition in glial tumor cells with minimal side effects on
the normal cells.

0-117

Hematite particles in human brain

M. Kopani'2, M. Caplovicova®, M. Melnik?,

V. Sisovsky, J. Jakubovsky'

TInstitute of Pathology, Faculty of Medicine, Comenius
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Iron is important element used for chemical reaction catalysis
and physiological cell functions. The reason of iron deposi-
tion is still unknown. Under conditions prevailing in human
brain it is expected the formation of an amorphous or minute
crystalline phase. We used light, scanning (SEM) and
transmission electron microscopy (TEM), energy-dispersive
microanalysis, electron diffraction and electron paramagnetic
resonance (EPR) for investigation of iron deposits in globus
pallidus of human brain. SEM revealed iron rich particles with
Na, Si, P, S, Cl, Ca and Cu around glial cells. TEM revealed
bumpy, solid particles of platy and sometimes rounded shape
with the size of 2 um to 6 um. These ones were identified as
hematite. EPR measurements showed the presence of
Fe(lll) and Cu(ll), but little amount of Fe(ll) can not be
excluded. We consider low-temperature process of hematite
formation in human globus pallidus in aqueous environment
influenced by organic and inorganic factors. Chemical pro-
cesses leading to nanoparticles formation can be associated
with neurodegenerations such as Alzheimer or Parkinson
disease.
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Neuronal biophysics: optimised for information
processing?

Maté Lengyel, Peter Dayan, Balazs Ujfalussy,
Jean-Pascal Pfister

University Of Cambridge, Department of Engineering,
Cambridge, UK

Over the past 50 years our understanding of the basic biophysical
mechanisms governing the spatio-temporal dynamics of neuronal
membrane potentials and synaptic efficacies has significantly
expanded and improved. Much research has focussed on how
ionic currents contribute to the generation and propagation of
action potentials, how subthreshold signals propagate along
dendritic trees, how the active properties of dendrites shape the
integration of incoming signals in a neuron, and how pre- and
postsynaptic activities & and potential heterosynaptic effects a
determine the way synaptic efficacies change on the short- and
long-term. Yet, despite these advances, there have been no sys-
tematic efforts to relate the basic dynamical repertoire of neurons to
the computational challenges neural circuits face, and in particular
to explain systematically how the biophysical properties of neurons
are adapted to process information efficiently under the constraints
of noise and uncertainty in the nervous system. As an initial step in
this direction, | will show how various biophysical properties of
neurons, in particular short-term synaptic plasticity and dendritic
non-linearities, can be seen as adaptations to resolve an important
bottleneck in neuronal information processing: the loss of infor-
mation entailed by the conversion of analogue membrane
potentials to digital spike trains.
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An analysis of new and existing opsins for scientific
application

Joanna Mattis', Kay M. Tye', Charu Ramakrishnan?,
Daniel J. O'Shea’, Lisa A. Gunaydin”, Emily A. Ferenczi',
Minsuk Hyun', Lief Fenno', Viviana Gradinaru’,

Ofer Yizhar?, Karl Deisseroth?

"Neuroscience Program, 2Dept. of Bioengineering, Stanford,
Palo Alto, USA

The optogenetic toolbox has greatly expanded since the
first demonstration of genetically-targeted optical manipula-
tion of neural activity. In addition to the cation channel
channelrhodopsin-2 (ChR2), the panel of excitatory opsins
now includes an array of ChR2 variants with mutations in
critical residues, in addition to other, related cation channels,
and channel hybrids. The inhibitory opsin panel has similarly
expanded beyond the first-described halorhodopsin (NpHR),
a chloride pump, to include trafficking-enhanced versions of
NpHR as well as the proton pumps Mac and Arch.

While the expansion of available opsins offers researchers an
increasingly powerful and diverse selection of tools, it has also
made it increasingly difficult to select the optimal tool for a
given experiment. One cannot extract a comparison of opsins
from the current literature, since studies differ across multiple
variables known to contribute to opsin performance (e.g.
expression method, light power density, stimulation protocols,
etc.). Here, we provide the first empirical comparison of both
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excitatory and inhibitory opsins under standardized condi-
tions. Furthermore, we identify the set of parameters that
describe the properties of an opsin in a way that is maximally
relevant for biological application.

0-120

Subcellular compartment-specific distribution

of voltage-gated ion channels

Zoltan Nusser

Institute of Experimental Medicine, Hungarian Academy
of Sciences, Budapest, Hungary

Voltage-gated Na* (Nav) channels are essential for generating
the output signal of nerve cells, the action potential (AP). In
most nerve cells, APs are initiated in the axon initial segment
(AIS). In vitro electrophysiological and imaging studies have
demonstrated that dendritic Nav channels support active
backpropagation of APs into the dendrites, but the subunit
composition of these channels remained elusive. Here, | will
present evidence for the somato-dendritic location of Nav
channels in hippocampal pyramidal cells (PCs). Using a highly
sensitive electron microscopic immunogold localization tech-
nique, we revealed the presence of the Nav1.6 subunitin PC
proximal and distal dendrites, where their density is 40-fold
lower than that found in AISs. A gradual decrease in Nav1.6
density along the proximo-distal axis of the dendritic tree was
also detected. We have also investigated the subcellular dis-
tribution of Kv4.2 voltage-gated K* channel subunit and found
a somato-dendritic localization. In contrast to that of Nav1.6
channels, the density of Kv4.2 first increases then decreases
as a function of distance from the somata of PCs. Such sub-
cellular compartment-specific distribution of voltage-gated ion
channels increases the computational power of nerve cells.
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Semantic versus syntactic: the role of the extracellular
matrix on memory

Nathalie Olivi-Tran"2, Sandra Kanani®, lan Robbins*
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We expose first a biological model of memory based on one
hand of the mechanical oscillations of axons during action
potential and on the other hand on the changes in the extra
cellular matrix composition when a mechanical strain is
applied on it. Due to these changes, the stiffness of the extra
cellular matrix along the most excited neurons will increase
close to these neurons due to the growth of astrocytes
around them and to the elastoplastic behavior of collagen.
This will create preferential paths linked to a memory effect.
In a second part, we expose a physical model based on
random walk of the action potential on the array composed of
dendrites and axons. This last model shows that repetition of
the same event leads to long time memory of this event and
that paradoxical sleep leads to the linking of different events
put into memory.
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Fluorescence properties of quercetin in human leukemia
Jurkat T-cells

I. Baran', C. Ganea', I. Ursu?, V. Baran® 3,

O. Calinescu™, A. Iftime", R. Ungureanu, I.T. Tofolean’
“Carol Davila” University of Medicine and Pharmacy, Dept.
of Biophysics, 8 Eroii Sanitari, 050474 Bucharest, Romania,
2IFIN-HH, 407 Atomistilor Str., 077125 Magurele, Bucharest,
Romania, 3 Physics Faculty, University of Bucharest,
Magurele, Bucharest, Romania

We describe the fluorescent properties of quercetin (QC) in
human leukemia Jurkat T-cells. The intracellular QC spectra
displayed a dominant emission maximum at 540 nm and 2
excitation maxima (380 nm, 440 nm). Our data suggest that
QC elicits a specific fluorescence upon binding to intracel-
lular proteins and that there are two dominant molecular
configurations of these QC-bound proteins which are sensi-
tive to the intracellular Ca* concentration. QC fluorescence
increased after permeabilization of the cells with digitonin,
suggesting that intracellular binding of QC may be down-
regulated by a cytosolic factor which is lost by
permeabilization. We performed also spectrofluorimetric
measurements of the intracellular Ca2* concentration which
revealed a strong biphasic calcium release signal after cells
stimulation with 50 uM QC. QC also decreased considerably
the intracellular NAD(P)H level in intact cells. Taken together,
these data add more evidence for the involvement of Ca®*
and NAD(P)H in the apoptotic pathway triggered by QC in
Jurkat cells.
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Changes in myelinated axons after membrane
modification

Bibineysvili E.Z., Brazhe A.R.,Yusipovich A.l. Maksimov G.V.
Biophysics Department, Biological Faculty, Moscow State
University, Moscow, Russia

Myelinated nerve fibres were studied with fluorescent
microscopy and laser interference microscopy. Ca2*
redistribution during prolonged stimulation, changes in mor-
phology and rearrangement of cytoplasmic structures were
compared in normal conditions and after membrane modifi-
cation by lysolecithin and methyl-f-cyclodextrin.

Lysolecithin is a detergent known to provoke demyelination,
and methyl-f-cyclodextrin extracts cholesterol from mem-
branes. Cholesterol extraction could lead to disruption of
membrane caveolae-like microdomains or “rafts” and solu-
bilisation of different proteins connected to them. Our data
suggest that methyl-S-cyclodextrin and lysolecithin lead to
different changes in morphology and distribution of cytoplas-
mic structures. The effect was different for different regions of
the nerve (node of Ranvier, paranodal and internodal regions).
The agents also altered the kinetics of Ca" response to
stimulation in myelinated fibres.
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Extracellular carbonic anhydrase contributes

to the regulation of Ca2+ homeostasis and salivation

in submandibular salivary gland

Nataliya Fedirko, Olga Kopach, Nana, Voitenko

Lviv National University, Human and Animal Physiology, Lviy,
Ukraine

The maintenance of pH in the oral cavity is important for the
oral heath since even a minor drop in pH can result in
dental caries and damage to the teeth. Submandibular
salivary gland (SMG) is main source of fluid and electrolytes
enriched saliva therefore its core for oral pH homeostasis.
SMG secretion is activated by acetylcholine (Ach) in [Ca®']-
dependend manner and accompanied with oral pH acidic
shifts. pH shifts could be due to changes in buffering
capacity that is regulated by carbonic anhydrase (CA).
Despite the expression of different subtypes of CA in SMG
the role of CA in the regulation of SMG function is unclear
yet. We found that CA inhibition by benzolamide (BZ)
decreased of fluid secretion in vivo extracellular Na2* con-
centration in situ. The latter confirm the ability of CA to
modify both primarily and final saliva secretion. We also
found correlation between the secretion and Ca®*-homeo-
stasis since BZ-induced decrease of: i) total resting calcium
content and stimulating effect of ACh; ii) activity of endo-
plasmic reticulum Ca®*-ATPase; iii) mitochondrial Ca?*-
uptake. Thus CA contributes to saliva pH via cytosolic Ca?*
handling in SMG acinar cells and that this effect is mediated
via cholinoreceptors.
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A simple model to describe single and multichannel
calcium regulation of ryanodine receptors

Michael J. Yonkunas, Michael Fill, Dirk Gillespie

Rush University Medical Center, Chicago, USA

In cardiac muscle, type 2 ryanodine receptor (RyR2) func-
tioning relies on cellular Ca®* levels from both background
cytosolic Ca®* and from neighboring open RyRs. Activation
of RyR2 is brought on by calcium-induced-calcium release
(CICR), but the CICR termination mechanism remains
unknown. A simple physical model is developed that is able
to describe the Ca®* dependence of a single RyR2 and a
multichannel array of RyR2. The open probability of RyR2 is
defined through a two-site Hill function comprised of one
activation site and one inactivation site per subunit. The
diffusion equation for a steady state point source defines
the Ca®* concentration in the region of the RyR2 activation
and inactivation sites, for which experimental Ca?* disso-
ciation constant values were used. Metropolis Monte Carlo
simulations show open probabilities for one and two RyR2s
consistent with electrophysiology measurements. The
model shows that large RyR2 clusters exhibit a sharp
transition in open probability as a function of RyR Ca®*
current at physiological cytosolic Ca?* levels. Such a
characteristic may suggest not only an activation mecha-
nism for multiple RyR2, but also a method of CICR
termination in clustered RyR2 channels.

@ Springer

0-126

High sensitivity of Ca2+ wave propagation to ryanodine
receptor inhibition in cardiac myocytes

Niall Macquaide

KU Leuven, Division of Experimental Cardiology, Leuven,
Belgium

In ventricular cardiac myocytes, global Ca?* release from the
sarcoplasmic reticulum (SR) is accomplished through the trig-
gering of ryanodine receptors (RyR) via Ca?" influx from
voltage-gated Ca?* channels of the cell surface. Spontaneous,
propagating Ca®" release events (Ca®* waves) are associated
with the generation of arrhythmogenic currents. These also
constitute the dominant mode of global Ca?* release in cells with
sparse t-tubular networks, such as atrial myocytes, represent-
ing an alternate, non-triggered form of global SR Ca?" release.
The mechanism of propagation is however still under debate 2.
In this study it will be shown that partial, irreversible inhibition of
RyR clusters using ruthenium red (an effectively irreversible
blocker) had differential affects on Ca®* sparks and waves.
Modest inhibition of RyR clusters abolished Ca®* wave prop-
agation, whilst Ca®* sparks were relatively unchanged.
Computer modeling of this system showed a dependence of
cluster size on the affect of inhibition on Ca®" wave propa-
gation; with smaller clusters being more sensitive to
irreversible inhibition; larger cluster fluxes were relatively
unchanged by modest inhibition and so propagation was
uninterrupted. This highlights the importance of smaller
clusters in Ca®* wave propagation.

[1] Keller M et al., Cardiovasc Res. 74 2007
[2] Kaiser J et al., Biophys J. 75 1998
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Alterations of ryanodine receptor (RyR) function
and arrhythmogenic CaZ* waves in cardiomyocytes
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In cardiomyocytes, spontaneous Ca?* release from the SR
can occur in diastole, as Ca?" sparks. Sparks arise from
accidental openings of a few ryanodine receptors (RyRs).
However, under pathophysiological conditions, chain reac-
tions of sparks can occur as Ca®* waves. SR Ca?* overload
and (hyper)-phosphorylation are known to favor wave occu-
rence. We reported that changes of the luminal SR Ca®*
concentrations mediated by SERCA contribute to wave
propagation, by sensitizing the RyRs for cytosolic Ca*. -
Adrenergic stimulation also speeds up Ca®* waves. This
could be mediated via SERCA stimulation and thus SR Ca?*
loading. Alternatively, Ca®* waves may travel faster because
of RyR phosphorylation. Using a transgenic mouse lacking
the RyR phosphorylation site at serine 2808 (S2808A), we
obtained further insight into spreading of Ca®* waves. We
consistently observed acceleration of Ca®* waves upon -
adrenergic stimulation in WT myocytes by 15%. However,
Ca®* waves in S2808A cells did not increase their velocity,
even though successful SERCA stimulation was confirmed



Calcium fluxes, sparks, & waves

S71

as faster wave decay. Taken together these results indicate
that SR luminal Ca?* sensing and RyR phosphorylation may
be important for Ca%* wave propagation and the Ca?* sen-
sitivity of the RyRs. Support: SNF & Transcure.
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Complementary methods in determining the chemical
composition of renoureteral calculi
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Renoureteral lithiasis is a disease with a relatively high inci-
dence among the population. Getting the chemical structure
of the stones is very important in medical practice, both
in terms  of surgical approaches for applying a  mini-
mal invasive treatment and also for the medical drug
therapy administrated to the patients. Stones have been
collected by endourological procedures and open surgery
operations in urologic department. Preliminary estimation on
the structure of the studied calculi was established by the
X-ray exam (KUB and IVP) and urine lab tests. Structural
investigation and calculi composition was performed through
the FTIR spectrophotometer method and complementary
SEM-EDAX electron microscopy. The combination of FTIR
spectroscopy and SEM-EDAX allowed quantitative and
qualitative evaluation of the components, the spatial distri-
bution and the percent of major and trace elements present
in a sample. The surface morphology of the samples and
elemental analysis performed by SEM-EDAX confirms the
presence of oxalate, carbonate and cystine. The final result
has showed some non homogeneous structures and dif-
ferent concentrations of the chemical components of the
stones.
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Effects of phosphatidyl-inositol-phosphates (PtdinsP)
on calcium release events in mammalian skeletal muscle
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In striated muscle Ca?" release from the sarcoplasmic
reticulum (SR) occurs when ryanodine receptors (Ryr-s)

open either spontaneously or upon the stimulation from
dihydropyridine receptors that are located in the adjacent
transverse-tubular membrane and change their conformation
when the cell is depolarized. Recent observations demon-
strated that muscles from animal models of PtdinsP
phosphatase deficiency suffer from altered Ca®* homeosta-
sis and excitation-contraction coupling, raising the possibility
that PtdinsP-s could modulate voltage-activated SR Ca®*
release in mammalian muscle. The openings of a single or a
cluster of Ryr-s can be detected as Ca®* release events on
images recorded from fibres loaded with fluorescent Ca®*
indicators. To elucidate the effects of PtdinsP-s on Ca®*
release events, images were recorded from skeletal muscle
fibers enzymatically isolated from the m. flexor digitorum
breavis of mice utilizing a super-fast scanning technique. A
wavelet-based detection method was used to automatically
identify the events on the images. Three different PtdinsP-s
(PtdIns3P, PtdIns5P, and PtdIns(3,5)P) were tested. All these
PtdinsP compounds decreased the frequency of spontane-
ous Ca?' release events. Supported by the Hungarian
National Science Fund (OTKA 75604), TéT.
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Caffeine and depolarization alters the morphology

of calcium spark in amphibian skeletal muscle
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Calcium sparks elicited by 1 mmol/L caffeine and by a
depolarization to -60 mV were recorded at high time resolu-
tion on both x-y (30 frames/s) and line-scan images (65 lines/
ms) on intact skeletal muscle fibers of the frog. While a
typical spark appeared in one frame only, 17.3 and 26.0% of
spark positions overlapped on consecutive frames following
caffeine treatment or depolarization, respectively. While both
caffeine and depolarization increased the frequency of
sparks, as estimated from x-y images, the morphology of
sparks was different under the two conditions. Both the
amplitude (in AF/Fo; 0.49 £ 0.025 vs. 0.29 + 0.001;
n = 22426 vs. 23714; mean + SEM, p < 0.05) and the full
width at half maximum (in pum; parallel with fiber axis:
2.33 £ 0.002 vs. 2.21 £ 0.005; perpendicular to fiber axis:
2.07 4+ 0.003 vs. 1.88 + 0.004) of sparks was significantly
greater after caffeine treatment than on depolarized cells.
These observations were confirmed on sparks identified in
line-scan images. In addition, x-t images were used to ana-
lyze the time course of these events. Calcium sparks had
significantly slower rising phase under both conditions as
compared to the control. On the other hand, while the rate of
rise of signal mass was decreased after depolarization, it
increased in the presence of caffeine.
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Calcium influx analysis by TIRF microscopy

on myotubes from patients with RYR1 mutations linked
to MH and CCD
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Prolonged depolarisation of skeletal muscle cells induces
entry of extracellular calcium into muscle cells, an event
referred to as excitation-coupled calcium entry. Skeletal
muscle excitation-coupled calcium entry relies on the inter-
action between the 1,4 dihydropyridine receptor on the
sarcolemma and the ryanodine receptor on the sarcoplasmic
reticulum membrane. In this study we exploited TIRF
microscopy to monitor with high spatial resolution excitation-
coupled calcium entry (ECCE) in primary coltures of human
skeletal muscle cells harbouring mutation in the RYR1 gene
linked to malignant hyperthermia and central core disease.
We found that excitation-coupled calcium entry is strongly
enhanced in cells from patients with central core disease
compared to individuals with malignant hyperthermia and
controls. In addition, excitation-coupled calcium entry indu-
ces generation of reactive nitrogen species and causes the
nuclear translocation of NFATc1. The activation of NFATc1
dependent genes is consistent with an increase of the IL6
secretion from primary coltures human myotubes from CCD
patients and with fibre type 1 predominance of skeletal
muscle of CCD patients.
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FTIR and calorimetric investigation of the effects

of trehalose and multivalent cations on lipid structure
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Helmholtz-Zentrum Dresden-Rossendorf, Germany
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The structure of membrane lipids is of fundamental impor-
tance for the integrity of cell and organelle membranes in
living organisms. Membrane lipids are typically hydrated and
their headgroup charges counter-balanced by solvated ions.
Consequently, water loss can induce severe structural
changes in lipid packing (lyotropic transitions) and can lead
to the damage of lipid membranes even after rehydration.
This can be one out of several factors that affect the viability
of organisms undergoing desiccation. Many organisms,
however, are resistant to even extreme water loss. Some of
them synthesize trehalose which has been shown to be
associated with survival of desiccation in phylogenetically
diverse organisms (yeast, nematodes, brine shrimp, insect
larvae, resurrection plants, and others). Here we have stud-
ied hydration sensitive transitions in model lipids to
determine the effect of trehalose and electrostatics on lipid
order. Hydration pulse-induced time-resolved Fourier-trans-
form infrared (FTIR) difference spectroscopy was used to
address hydration-dependent lipid structure as a function of
trehalose. In combination with differential scanning calorim-
etry and studies of Langmuir-Blodget films we arrive at a
structural and energetically consistent picture of how
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trehalose can affects lipidic phase behaviour and support a
native lipid structure under water loss. Experiments were
performed on model lipids with different headgroups and
native lipids from desiccation-tolerant organisms.
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Controlled self-assembly and membrane organization
of lipophilic nucleosides and nucleic acids: perspectives
for applications
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Lipophilic conjugates of nucleosides and nucleic acids such as
DNA, RNA, and peptide nucleic acid (PNA) - combining
assembly properties of amphiphiles and specific molecular
recognition properties of nucleic acids - allow numerous
applications in medicine and biotechnology. We recently
observed self-assembly of microtubes, stable cylindrical
structures with outer diameters of 300 nm and 2-3 um and a
length of 20-40 um, from a cholesterol-modified nucleoside
and phospholipids. Morphology and properties of these micro-
tubes and functionalization with lipophilic DNA will be char-
acterized. We also observed that lipophilic nucleic acids, PNA
and DNA differing in their lipophilic moieties, partition into dif-
ferent lipid domains in model and biological membranes as
visualized by hybridization with respective complementary
fluorescently-labeled DNA strands. Upon heating, domains
vanished and both lipophilic nucleic acid structures intermixed
with each other. Reformation of the lipid domains by cooling
led again to separation of membrane-anchored nucleic acids.
By linking specific functions to complementary strands, this
approach offers a reversible tool for triggering interactions
among the structures and for the arrangement of reactions and
signaling cascades on biomimetic surfaces.

P-134

Conformational dependent trafficking

of P-glycoprotein with rafts
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P-glycoprotein (Pgp), an ABC-transporter playing a promi-
nent role in multidrug resistance, demonstrate conformation-
dependent endocytosis on the surface of 3T3-MDR1 cells.
These cell surface transporters have a UIC2 conformation-
sensitive-antibody-recognizable subpopulation, which is
about one-third of the rest persisting long on the cell surface
and perform fast internalization via rafts. We have identified
that the rapid internalization is followed by quick exocytosis, in
which the other subpopulation is not or only slightly involved.
The exocytosis presents a cholesterol depletion dependent
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intensification, in contrast to the internalization, which is
inhibited by cyclodextrin treatment. This continuous recycling
examined by total internal reflection (TIRF) microscopy
increases the amount of the raft associated subpopulation of
Pgps in the plasma membrane, and it might have a role in
restoring the cholesterol content of the membrane after cho-
lesterol depletion. Our presentation will summarize related
endocytotic, exocytotic and recycling processes and that how
does our data fit into our current notions regarding to the
cholesterol and sphingomyelin trafficking.
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Multivalent chelator lipids for targeting proteins

into membrane nanodomains
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Membrane nanodomains based on phase-segregating lipid
mixtures have been emerged as a key organizing principle of
the plasma membrane. They have been shown to play impor-
tant roles in signal transduction and membrane trafficking. We
have developed lipid-like probes carrying multivalent nitrilotri-
acetic acid (tris-NTA) head groups for selective targeting of His-
tagged proteins into liquid ordered or liquid disordered phases.
In giant unilamellar vesicles strong partitioning of tris-NTA lipids
into different lipid phases was observed. For a saturated tris-
NTA lipid, at least 10-fold preference for the liquid ordered
phase was found. In contrast, an unsaturated NTA lipid shows a
comparable preference for the liquid disordered phase. Parti-
tioning into submicroscopic membrane domains formed in solid
supported membranes was confirmed by superresolution
imaging. Single molecule tracking of His-tagged proteins teth-
ered to solid supported membranes revealed clear differences
in the diffusion behavior of the different NTA-lipids. By using
BSA as a carrier, multivalent NTA lipids were efficiently incor-
porated into the plasma membrane of live cells. Based on this
approach, we established versatile methods for probing and
manipulating the spatiotemporal dynamics of membrane nano
domains in live cells.
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Biophysical investigation of IL-9R assembly

and function in human T-lymphoma cells

E. Nizsaloczki', I. Csomos', G. Mocsar’, N. Szaloki’,

T. A. Waldmann?, S. Damjanovich', G. Vamosi'

and A. Bodnar’

"HAS-UD Cell Biology and Signaling Research Group,
Department of Biophysics and Cell Biology, University

of Debrecen, Debrecen, Hungary, 2Metabolism Branch, NCI,
National Institute of Health, Bethesda, MD, USA

IL-9 is a multifunctional cytokine with pleiotropic effects on T
cells. The IL-9R consists of the cytokine-specific a-subunit and
the y.-chain shared with other cytokines, including IL-2 and -
15, important regulators of T cells. We have previously shown

the preassembly of the heterotrimeric IL-2 and IL-15R, as well
as their participation in common superclusters with MHC gly-
coproteins in lipid rafts of human T lymphoma cells. Integrity of
lipid rafts was shown to be importantin IL-2 signaling. We could
hypothesize that other members of the 7. cytokine receptor
family, such as the IL-9R complex, may also fulfill their tasks in
a similar environment, maybe in the same superclusters.
Co-localization of IL-9R with lipid rafts as well as with the IL-
2R/MHC superclusters was determined by CLSM. Molecular
scale interactions of IL-9R« with IL-2R and MHC molecules
were determined by microscopic and flow cytometric FRET
experiments. The role of lipid rafts in IL-9R signaling was
assessed by following the effect of cholesterol depletion on
IL-9 induced STAT phosphorylation.

Our results suggest the possibility that preassembly of the
receptor complexes in common membrane microdomains
with MHC glycoproteins may be a general property of y.
cytokines in T cells.
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Membrane organization of Fas transmembrane domain:
Insights for clustering and apoptosis triggering

Bruno M. Castro’, Rodrigo F. M. de Almeida?

and Manuel Prieto’

"CQFM and IN, IST, Av. Rovisco Pais, 1049-001 Lisboa,
Portugal 2 CQB, FCUL, Campo Grande, 1749-006 Lisboa,
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To unravel the molecular processes leading to Fas clustering
in lipid rafts, a 21-mer peptide corresponding to the single
transmembrane domain of the death receptor was reconsti-
tuted into model membranes that display liquid-disordered/
liquid-ordered phase coexistence, i.e. mimicking cells plasma
membranes. Using the intrinsic fluorescence of the peptide
two tryptophans residues (Trp'”® and Trp'®°), Fas membrane
lateral organization, conformation and dynamics was studied
by steady-state and time-resolved fluorescence techniques.
Our results show that the Fas has preferential localization to
liquid disordered membrane regions, and that it undergoes
a conformational change from a bilayer inserted state in
liquid-disordered membranes to an interfacial state in liquid-
ordered membranes. This is a result of the strong hydrophobic
mismatch between the (hydrophobic) peptide length and the
hydrophobic thickness of liquid-ordered membranes. In addi-
tion, we show that ceramide, a sphingolipid intimately involved
in Fas oligomerization and apoptosis triggering, does not
affect Fas membrane organization. Overall, our results high-
light ceramide role as an enhancer of Fas oligomerization, and
unravel the protective function of Fas transmembrane domain
against non-ligand induced Fas apoptosis.
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Organization and dynamics of membrane-bound bovine
a-lactalbumin: a fluorescence approach

Arunima Chaudhuri and Amitabha Chattopadhyay

Centre for Cellular and Molecular Biology, Hyderabad 500
007, India

E-mail: amit@ccmb.res.in

Many soluble proteins are known to interact with membranes
in partially disordered states, and the mechanism and

@ Springer



S74

Membrane lipids, microdomains & signalling

relevance of such interactions in cellular processes are
beginning to be understood. Interestingly, apo-bovine «-
lactalbumin (BLA), a soluble protein, specifically interacts
with negatively charged membranes and the membrane-
bound protein exhibits a molten globule conformation. We
have used the wavelength-selective fluorescence approach
to monitor the molten globule conformation of BLA upon
binding to negatively charged membranes as compared to
zwitterionic membranes. Tryptophans in BLA exhibit differ-
ential red edge excitation shift (REES) upon binding to
negatively charged and zwitterionic membranes, implying
differential rates of solvent relaxation around the tryptophan
residues. Our results utilizing fluorescence anisotropy, life-
time and depth analysis by the parallax approach of the
tryptophans further support the differential organization and
dynamics of the membrane-bound BLA forms. In addition,
dipole potential measurements and dye leakage assays are
being used in our ongoing experiments to explore the
mechanism of BLA binding to membranes. These results
assume significance in the light of antimicrobial and tumori-
cidal functions of o-lactalbumin.
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Role of long-range effective protein-protein forces

in the formation and stability of membrane protein
nano-domains

Nicolas Destainvill

Laboratoire de Physique Théorique, Université Paul Sabatier
Toulouse 3 — CNRS, Toulouse, France

We discuss a realistic scenario, accounting for the existence
of sub-micro-metric protein domains in plasma membranes.
We propose that proteins embedded in bio-membranes can
spontaneously self-organize into stable small clusters, due to
the competition between short-range attractive and interme-
diate-range repulsive forces between proteins, specific to
these systems. In addition, membrane domains are sup-
posedly specialized, in order to perform a determined
biological task, in the sense that they gather one or a few
protein species out of the hundreds of different ones that a
cell membrane may contain. By analyzing the balance
between mixing entropy and protein affinities, we propose
that protein sorting in distinct domains, leading to domain
specialization, can be explained without appealing to pre-
existing lipidic micro-phase separations, as in the lipid raft
scenario. We show that the proposed scenario is compatible
with known physical interactions between membrane pro-
teins, even if thousands of different species coexist.
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Characterization of Brij 58 and 98-Resistant Membranes
from Human Erythrocytes

Bruna R. Casadei, Cleyton C. Domingues,

Eneida de Paula

Departamento de Bioquimica / IB, Universidade Estadual de
Campinas, SP, Brazil

Lipid rafts are cholesterol and sphingolipid-enriched functional
microdomains present in biomembranes. Rafts have been
operationally defined as membrane fractions that are detergent
insoluble at low temperature. Here we have characterized
DRMs from erythrocytes treated with the nonionic detergents
Brij58 and Brij98, at 4°C and 37°C, and compared them to
DRMs obtained with Triton X-100 (TX100). We have also
investigated the effect of cholesterol depletion in DRMs forma-
tion. Brij DRMs were enriched in cholesterol as well as TX100
DRMs. HPTLC analysis showed a very similar distribution of
phosphatidylcholine-PC, phosphatidylethanolamine-PE and
sphingomyelin-SM in Brij DRMs to that found in ghost mem-
branes. SM-enriched DRMs were obtained only with TX100
while PE content was decreased in TX100 DRMs, in compari-
son to Brij DRMs. Immunoblot essays revealed that rafts
markers (flotillin-2 and stomatin) were present in all DRMs.
Contrary to TX100 DRMs, analysis of electron paramagnetic
resonance spectra (with 5-doxyl stearate spin label) revealed
that Brij DRMs are not in the liquid-ordered state, evincing the
differential extraction of membrane lipids promoted by these
detergents. Supported by FAPESP/CNPq (Brazil).
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Magnetic Camemberts and Liposomes: New Tools
for Structural Biology of Membrane Molecules
Erick Dufourc, Nicole Harmouche, Axelle Grelard,
Cécile Courreges, Anna Diller

Institute of Chemistry & Biology of Membranes &
Nanoobjects, CNRS-University Bordeaux-IPB, Pessac,
France

Several biological membrane mimics have been built to
investigate the topology of molecules in membranes. Among
them “bicelles”, i.e., mixtures of long-chain and short-chain
saturated phospholipids hydrated up to 98%, became very
popular because they orient spontaneously in magnetic
fields. Disk-shaped systems of 40-80 nm diameter and 4-5
nm thickness have been measured by electron microscopy
and solid state nmR and can be oriented by magnetic fields
with the disc-plane normal perpendicular to the field. We have
been developing recently lipids that contain in one of their
chains a biphenyl group (TBBPC) affording an orientation
parallel to the magnetic field, in the absence of lanthanides. A
large number of hydrophobic molecules including membrane
proteins have been successfully embedded and static nmR
afforded finding the orientation of protein helices in mem-
branes; MAS nmR provided the 3D structure of peptides in
bicelles. Biphenyl bicelles keep their macroscopic orientation
for days outside the field, thus leading to combined nmR and
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X-Rays experiments. TBBPC allows also construction of pm
vesicles showing a remarkable oblate deformation in mag-
netic fields (anisotropy of 3-10) and opens the way to
applications for structural biology or drug delivery under MRI.
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Imaging membrane heterogeneities and domains
by super-resolution STED nanoscopy

Christian Eggeling, Veronika Mueller, Alf Honigmann,
Stefan W. Hell

Department of Nanobiophotonics, Max Planck Institute
for Biophysical Chemistry, Am Fassberg 11, 37077
Géttingen, Germany

Cholesterol-assisted lipid and protein interactions such as the
integration into lipid nanodomains are considered to play a
functional part in a whole range of membrane-associated
processes, but their direct and non-invasive observation in
living cells is impeded by the resolution limit of >200nm of a
conventional far-field optical microscope. We report the
detection of the membrane heterogeneities in nanosized
areas in the plasma membrane of living cells using the
superior spatial resolution of stimulated emission depletion
(STED) far-field nanoscopy. By combining a (tunable) reso-
lution of down to 30 nm with tools such as fluorescence
correlation spectroscopy (FCS), we obtain new details of
molecular membrane dynamics. Sphingolipids or other pro-
teins are transiently (~ 10 ms) trapped on the nanoscale in
cholesterol-mediated molecular complexes, while others dif-
fuse freely or show a kind of hopping diffusion. The results are
compared to STED experiments on model membranes, which
highlight potential influences of the fluorescent tag. The novel
observations shed new light on the role of lipid-protein inter-
actions and nanodomains for membrane bioactivity.
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Ca2+ controlled all-or-none like recruitment

of synaptotagmin-1 C2AB to membranes
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Synaptotagmin-1 (Syt) is the major Ca2+ sensor that triggers
the fast, synchronous fusion of synaptic vesicle with the pre-
synaptic membrane upon Ca2+-mediated membrane
recruitment of the cytosolic C2AB domain. The Ca2+-depen-
dent recruitment of Syts C2AB domain to membranes has so
far been investigated by ensemble assays. Here we revisited
binding of wild type C2AB and different C2AB mutants of Syt to
lipid membranes using a recently developed single vesicle
assay. The hallmark of the single vesicle approach is that it
provides unique information on heterogeneous properties that
would otherwise be hidden due to ensemble averaging. We
found that C2AB does not bind to all vesicles in a homogenous
manner, but in an all-or-none like fashion to a fraction of the
vesicles. The fraction of vesicles with bound C2AB is regu-
lated by the amount of negatively charged lipids in the

membrane as well as by [Ca2+] . This Ca2+ controlled all-or-
none like recruitment of Syt to membranes provides a possible
explanation for the strongly heterogeneous behavior of the in
vitro model system for neuronal membrane fusion. Further-
more, heterogeneity in release probability among synaptic
vesicles is a critical property in determining the output of a
neuronal signaling event.
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New insights in the transport mechanism

of Ciprofloxacin revealed by fluorescence spectroscopy
Mariana Ferreira, Silvia C. Lopes, Paula Gameiro
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Fluoroquinolones are antibiotics that have a large spectrum
of action against Gram negative and some Gram positive
bacteria. The interaction between these species and lipo-
somes has been cited as a reference in the understanding of
their diffusion through phospholipid bilayer and can be
quantified by the determination of partition coefficients
between a hydrophobic phase (liposomes) and an aqueous
solution. It is also known that some porins of the bacterial
membranes are involved in transport mechanism of many
fluoroquinolones. OmpF, a well characterized membrane
protein characteristic of the outer membrane of Gram nega-
tive bacteria assumes the conformation of homo-trimer,
whose monomers have two tryptophan residues (one located
at the interface of monomers and the other at the interface
lipid/protein). Thus, we proceeded to study the interaction of
Ciprofloxacin, a second generation fluoroquinolone, with
unilamellar liposomal vesicles and OmpF proteoliposomes of
POPE/POPG, POPE/POPG/Cardiolipin and E. coli total.
Partition coefficients (Kp’s) and the association with OmpF
proteoliposomes were determined by steady state fluores-
cence spectroscopy under physiological conditions (T=37°C;
pH 7.4). The membrane mimetic systems used were char-
acterized by DLS and fluorescence anisotropy.
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CD44-ICAM-1 crosstalk alters MHCI rafts — A flow
cytometric FRET and microscopic colocalization study
A. Forgécs, N. Szaloki, L. Bene
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Academy of Sciences, Research Center for Molecular
Medicine, University of Debrecen, Debrecen, Hungary
E-mail: forgacsmeister@gmail.com, bene@dote.hu

Motivation is whether there exist differences in the pattern-
forming capabilities of two adhesion molecules of different
roles: CD44, mediating ,,dynamic” adhesion in cell rolling and
ICAM-1, mediating ,,static” adhesion during the formation of
immune-synapse. Homo- and hetero-associations of CD44,
ICAM-1 and the MHCI is investigated on the nm- and um-
distance levels on LS174T colon carcinoma cells in two dif-
ferent conditions of lymphocyte homing: (1) With IFNy and
TNFa, both lymphokines up-regulating the expression level of
MHCI and ICAM-1 and down-regulating that of CD44. (2)
Crosslinking of CD44 and ICAM-1 representing receptor
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engagement. The observations are explained by assuming
the existence of a kinase cascade-level crosstalk between
the CD44 and ICAM-1 molecules which manifests in char-
acteristic complementary changes in the properties of cell
surface receptor patterns. For the characterisation of cluster
morphology new colocalization approaches were developed:
(i) ,,number of first neighbours” distribution curves, (ii)
,,acceptor photobleaching FRET-fluorescence intensity fluc-
tuation product” correlation diagrams, and (iii) ,,random
gradient-kernel smoothing assisted decay” of Pearson-cor-
relations, and (iv) K-function formalism.
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Analyzing Janus kinases in living cells with single-color
FCS using confocal and TIR-illumination

Thomas Weidemann', Hetvi Gandhi', Remigiusz Worch™?3,
Robert Weinmeister', Christian Bokel?, and Petra Schwille'
1Biophysics Research Group, Technische Universitét
Dresden, Germany, 2CRTD, Center for Regenerative
Therapies Dresden, Technische Universitdt Dresden,
Germany, SInstitute of Physics, Polish Academy of Science,
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Cytokine receptors of the hematopoietic superfamily transduce
their signal through non-covalently bound Janus kinases. There
are only 4 such kinases in humans (JAK1, 2, 3 and TYK2),
which associate to 46 different cytokine receptor chains. Here
we study the dynamics of GFP-tagged JAK1 and JAKS in epi-
thelial cells with fluorescence correlation spectroscopy (FCS).
JAK1 and JAK3 behave differently in various aspects: In the
absence of receptors, JAK1 still binds the membrane, whereas
JAKS diffuses homogeneously in the cytoplasm. We used FCS
under total internal reflection illumination (TIR-FCS) and deter-
mined the membrane binding affinity of JAK1 to be 60+36 nm.
The association of JAK3 with the common gamma chain (y.) is
very tight as shown by fluorescence recovery after photoble-
aching (FRAP). Molecular brightness analysis of single-point
FCS shows that JAK1 diffuses as a monomer in the rather small
cytoplasmic pool, whereas JAK3 diffuses as dimers, which
undergo a defined oligomerization. The degree of oligomeriza-
tion decays at higher concentrations, indicating that some
unknown, saturable scaffold is involved. Characterizing the
binding and mobility schemes of the Janus kinases may be
important to further elucidate their specific and redundant
effects in signal transduction.
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Brain plasma membrane-enriched fractions contain

and preserve the activity of mitochondrial membrane
Marcelo Ganzella', Roberto Farina Almeida’, Fernanda
Lopes’, Gustavo da Costa Ferreira®, Moacir Wajner1,
Fabio Klamt', Diogo Onofre Souza'

"Universidade Federal do Rio Grande do Sul, Porto Alegre,
RS, Brasil, 2Universidade do Extremo Sul Catarinense,
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Plasma membrane (PM)-enriched fraction obtained through
subcellular fractioning protocols are commonly used in stud-
ies investigating the ability of a compound to bind to a
receptor. However, the presence of mitochondria membranes
(M) in the PM-enriched fraction may compromise several
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experimental results because MI may also contain the interest
binding proteins. Aiming to analyze the subcellular fractioning
quality of a standard sucrose density based protocol, we
investigated (a) the Na*K*-ATPase (PM marker) and succi-
nate dehydrogenase - SD (Ml marker) activities; (b) the
immunocontent of the adenine nucleotide translocator (ANT —
MI membrane marker) in both PM- and MI-enriched fractions.
Since several binding protocols may require long incubation
period, we verified the quality of both fractions after 24 hours
of incubation in adequate buffer. Our results show that PM-
and Ml-enriched fractions exhibit contamination with Ml or
PM, respectively. We did not observe any effect of incubation
on Na*K*-ATPase activity and ANT content in both fractions.
Surprisingly, SD activity was preserved in the PM- but not in
Mil-enriched fraction after incubation. These data suggest the
need of more careful use of PM-enriched fraction preparation
in studies involving PM proteins characterization.
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Membrane docking mode of the C2 domain of PKCs:
an infrared spectroscopy study
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PKCec is activated by binding to membranes. lts C2 domain, in
particular, binds to negatively charged phospholipids. We have
used Fourier Transform Infrared Spectroscopy (FTIR) to
determine the membrane docking mode of the C2 domain of
this PKC by the calculation of the f-sandwich orientation when
the domain is bound to different types of model membranes,
using ATR-FTIR spectroscopy with polarized light. The vesi-
cles lipid compositions used were: POPA, POPC/POPA
(50:50), POPC/POPS/POPA (65:25:10), POPC/POPE/CL
(43:36:21) and POPC/POPG/POPA (65:25:10). Results show
that the interaction with membranes does not strongly affect
the secondary structure of the domain and that some differ-
ences were found with respect to the extent of binding as a
function of phospholipid composition. Small changes are only
evident when the domain is bound to model membranes of
POPC/POPA and POPC/POPG/POPA. In this case, the per-
centage of -sheet of C2 domain increases if compared with
the secondary structure of the domain in the absence of ves-
icles. With respect to the f-sandwich orientation, when the
domain is bound to POPC/POPG/POPA membranes it forms
an angle with the surface of the lipid bilayer bigger than that
one observed when the domain interacts with vesicles of
POPC/POPA and POPC/POPS/POPA.
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Lipid selectivity as a determinant factor for HNP1
biological activity

Sonia Gongalves, Alexandre Teixeira, Jodo Abade,

Nuno C. Santos
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Universidade de Lisboa, Lisbon, Portugal

Human neutrophil peptide 1 (HNP1) is a human cationic
defensin that present microbial activity against various bac-
teria (both Gram-positive and negative), fungi and viruses.
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HNP1 is stored in the cytoplasmic azurophilic granules of
neutrophils and epithelial cells. In order to elucidate the mode
of action of this antimicrobial peptide (AMP), studies based
on its lipid selectivity were carried out. Large unilamellar
vesicles (LUV) with different lipid compositions were used as
biomembranes model systems (mammal, fungal and bacte-
rial models). Changes on the intrinsic fluorescence of the
tryptophan residues present in HNP1 upon membrane
binding/insertion were followed, showing that HNP1 have
quite distinct preferences for mammalian and fungal mem-
brane model systems. HNP1 showed low interaction with
glucosylceramide rich membranes, but high sterol selectivity:
it has a high partition for ergosterol-containing membranes
(as fungal membranes) and low interaction with cholesterol-
containing membranes (as in mammalian cells). These
results reveal that lipid selectivity is the first step after inter-
action with the membrane. Further insights on the HNP1
membrane interaction process were given by fluorescence
quenching measurements using acrylamide, 5-doxylstearic
acid (5NS) or (16NS).
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Study of supported lipid bilayers in interaction

with nanoparticles by AFM
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Nanoparticles (NP) are currently used in many industrial or
research applications (paints, cosmetics, drug delivery
materials...). Recent papers demonstrate clearly their activity
with biological membranes (nanoscale holes, membrane
thinning, disruption). Different studies of the NP-membrane
interaction suggest that parameters are particularly impor-
tant, such as the NP size, their surface properties or their
aggregation state. Composition of biological membranes
being particularly complex, supported lipid bilayers (SLB)
composed of a restricted number of lipids are usually used as
simplified membrane model. Moreover, these two-dimen-
sional systems are convenient for surface analysis
techniques, such as atomic force microscopy (AFM), giving
information on the morphology of the SLB and its mechanical
properties. In this work, we study the behaviour of SLBs
made of lipids representative of the membrane fluid phase
(POPC) or of the raft phase (sphingomyelin). These SLBs
are deposited on planar surfaces (mica or glass) previously
recovered with silica beads (10 or 100 nm in diameter) in
order to mimick the NP-membrane interaction. We will
present in this work our first results obtained by AFM and
fluorescence microscopy.
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Effect of cisplatin on content of phospholipids in rat liver
chromatin fraction

E.S. Gevorgyan, Zh.V. Yavroyan, N.R. Hakobyan,
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It is well known that the eukaryotic nuclei are the sphere of
lipids active metabolism. The investigations demonstrated

the existence of numerous enzymes in nuclei which modu-
late the changes of nuclear lipids during different cellular
processes. Although the nuclear membrane is accepted as
the main place of the lipids localization, nearly 10% of
nuclear lipids are discovered in chromatin fraction. The ability
of chromatin phospolipids to regulate DNA replication and
transcription was already demonstrated. The chromatin
phospolipids seems to play an important role in cell prolifer-
ation and differentiation as well as in apoptosis. It seems also
possible that chromatin phospholipids may be participated in
realization of cisplatin antitumor effects.

The 24-hour in vivo effect of cisplatin on rat liver chromatin
phospholipids was investigated. The phospholipids of rat
liver chromatin were fractionated by microTLC technique.
The quantitative estimation of fractionated phospholipids was
carried out by computer program FUGIFILM Science Lab.
2001 Image Gauge V 4.0.

The alteration of total phospholipids content as well as the
quantitative changes among the individual phospholipids
fractions in rat liver chromatin after in vivo action of cisplatin
was established. The total content of chromatin phospholipids
was significantly decreased after the cisplatin action. Four
from five individual phospholipids fractions were markedly
changed after the drug action. Two cholin-content phospho-
lipids, particularly phosphatidylcholine and sphingomyelin
exhibit diversity in sensitivity to this drug: the increase of
sphingomyelin content accompanied by quantitative decrease
of phosphatidylcholine. The quantity of cardiolipin was mark-
edly increased while the amount of phosphatidylinositol was
decreased after the cisplatin treatment. The phosphatidyleth-
anolamin content remained unchanged after the drug action.
It seems that high sensitivity of chromatin phospholipids
exhibited to cisplatin action may play an important role in
antitumor effects of this drug.
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Membrane lipids and drug resistance in Staphylococci
R. D. Harvey
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Staphylococci express numerous resistance mechanisms
against common antimicrobials, including peptide compo-
nents of the innate immune system which have been
trumpeted as being likely candidates to replace our
increasingly ineffective  antibiotics. The membrane
phospholipid lysylphosphatidylglycerol (L-PG) appears to
play a key role in Staphylococcal drug resistance, since its
absence in mutant bacteria renders them susceptible to a
range of cationic antimicrobials. The current assumption
about the role L-PG plays in drug resistance is that of facili-
tating charge neutralisation of the plasma membrane, leading
to loss of affinity towards cationic moieties. We have inves-
tigated this phenomenon using a range of model membrane
systems composed of both synthetic lipids and reconstituted
natural lipid extracts, using such techniques as stopped-flow
fluorescence, circular dichroism and neutron scattering. Our
conclusions indicate that the initial assumptions about the
role of L-PG in drug resistance are over-simplistic and cer-
tainly do not tell the whole story of the physical and biological
properties of this fascinating moderator or membrane
behaviour. Our findings show that L-PG does not inhibit
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antimicrobial drug action by charge dampening, hinting at a
different protective mechanism.

P-155

Modulation of a-toxin binding by membrane composition
M. Schwiering, A. Brack, C. Beck, H. Decker,
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Institute for Molecular Biophysics, University of Mainz,
Mainz, Germany

Although the alpha-toxin from S. aureus was the first pore-
forming toxin identified, its mode of interaction with mem-
branes is still not fully understood. The toxin forms
heptameric pores on cellular and artificial membranes. The
present hypothesis is that the initial binding to the membrane
occurs with low affinity, and that an efficient oligomerisation,
relying on clusters of binding sites, is the reason for the
overall high affinity of the binding process. In order to sep-
arate the effects of increasing concentration of binding sites
from this topological effect, we investigated the oligomer
formation based on pyrene-fluorescence for a series of lipid
compositions, where the fraction of toxin binding lipids (egg
phospatidylcholine (ePC) or egg sphingomyelin (eSM)) was
varied while their concentration remained constant. The
results indicate that an increased local density of toxin
binding sites occurring due to phase separation facilitates
oligomer formation. Furthermore, the change in local envi-
ronment (number of neighboring cholesterol molecules) upon
domain formation also enhances oligomer formation.We
thank the DFG (SFB 490) for financial support, S. Bhakdi and
A. Valeva for production of the toxin and helpful discussions.
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Quercetin effects on Laurdan emission fluorescence
in the presence of cholesterol

Diana lonescu
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We explored quercetin effects on lipid bilayers containing
cholesterol using a spectrofluorimetric approach. We used
the fluorescent probe Laurdan which is able to detect chan-
ges in membrane phase properties. When incorporated in
lipid bilayers, Laurdan emits from two different excited states,
a non-relaxed one when the bilayer packing is tight and a
relaxed state when the bilayer packing is loose. This
behavior is seen in recorded spectra as a shift of maximum
emission fluorescence from 440 nm at temperatures below
lipids phase transition to 490 nm at temperatures above lipids
phase transition values. Emission spectra of Laurdan were
analyzed as a sum of two Gaussian bands, centered on the
two emission wavelengths allowing a good evaluation of the
relative presence of each population. Our results show that
both Laurdan emission states are present with different
shares in a wide temperature range for DMPC liposomes
with cholesterol. Quercetin leads to a decrease in the phase
transition temperature of liposomes, acting in the same time
as a quencher on Laurdan fluorescence.

This paper is supported by the Sectorial Operational Pro-
gramme Human Resources Development, financed from the
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European Social Fund and by the Romanian Government
under the contract number POSDRU/89/1.5/S/64109
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Veronica Beswick'?, Pierre Nedellec', Alain Sanson’,
Alecu Ciorsac®, Vasile Ostafe®*, Adriana Isvoran®

and Nadége Jamin'

"Commissariat a* I Energie Atomique (CEA), Institute

of Biology and Technology (iBiTecS), Gif-sur-Yvette, France,
2Department of Physics and Modeling, Universite' d’Evry-val-
d’Essonne, Evry, France, *Departament of Physical
Education and Sport, Polytechnical University of Timisoara,
Timisoara, Romania, 4Depan‘ment of Chemistry, West
University of Timisoara, Timisoara, Romania

Caveolins are essential membrane proteins found in caveo-
lae. The caveolin scaffolding domain of caveolin-1 includes a
short sequence containing a CRAC motif (Vg4 TKYWFYR04)
at its C-terminal end. To investigate the role of this motif in the
caveolin-membrane interaction at the atomic level, we per-
formed a detailed structural and dynamics characterization of
a cav-1(V94-L102) nonapeptide encompassing this motif and
including the first residue of cav-1 hydrophobic domain
(L102), in dodecylphosphocholine (DPC) micelles and in
DMPC/DHPC bicelles, as membrane mimics. nmR data
revealed that this peptide folded as an amphipathic helix
located in the polar head group region. The two tyrosine side-
chains, flanked by arginine and lysine residues, are situated
on one face of this helix, whereas the phenylalanine and
tryptophan side-chains are located on the opposite face (Le
Lan C. et al., 2010, Eur. Biophys. J., 39, 307-325). To
investigate the interactions between the CRAC motif and the
lipids, we performed molecular dynamics simulations in two
different environment: a DPC micelle and a POPC bilayer.
The results obtained are in good agreement with nmR data
and the comparison between both systems provided insight
into the orientation of the CRAC motif at the membrane
interface and into its interactions with lipids.

This work was partially supported by the strategic grant
POSDRU/21/1.56/G/13798, inside POSDRU Romania
2007-2013, co-financed by European Social Found-Investing
in People and by the bilateral collaboration project Brancusi
Romania France, 3V/21J.
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Effect of hydroxyl groups in the sphingolipid backbone
on sterol/sphingomyelin interaction

Shishir Jaikishan and J. Peter Slotte

Biochemistry, Department of Biosciences, Abo Akademi
University, 20520 Turku, Finland

D-ribo-phytosphingosines are biologically significant natural
sphingolipids possessing two hydroxyl groups at positions 3
and 4 in their backbone. These are found in yeasts, plants and
mammalian tissues. In this study we observed bilayer proper-
ties and interaction with cholesterol of N-16:0 phytosphing-
omyelin (PhytoSM) as well as their N-acyl hydroxylated (2-OH,
D or L conformations) chain-matched sphingomyelin. Anisot-
ropy of diphenylhexatriene suggested that pure N-16:0
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PhytoSM showed higher gel-fluid transition temperature (T,
47°C) as compared to nonhydroxylated chain matched sphin-
gomyelin i.e. palmitoyl sphingomyelin (T,,, 40.5°C). T, values
of pure 2-OH(D) PhytoSM and 2-OH(L) PhytoSM bilayers were
42°C and 55°C respectively. Cholestatrienol (CTL) quenching
suggested that PhytoSM and 2-OH(L) PhytoSM appeared to
increase sterol-rich domain stability compared to 2-OH(D)
PhytoSMin fluid phospholipid bilayer. DSC data suggested that
PhytoSM showed good miscibility with PSM. CTL partitioning
showed that sterol affinity of PhytoSM and 2-OH(L) PhytoSM
bilayers was higher as compared to 2-OH(D) PhytoSM or PSM.
Our study suggests that conformation and positioning of
hydroxyl groups significantly affects thermotropic properties of
sphingolipids and sterol interaction.
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Slow relaxation following the thermal hysteresis of new
bolaamphiphiles studied by SAXS/WAXS
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The polymorphism of a new series of bolaamphiphile mole-
cules based on N-(12-Betainylamino-dodecane)-octyl f-D-
Glucofuranosiduronamide Chloride is investigated. The length
of the main bridging chain is varied in order to modify the
hydrophilic/lipophilic balance. The other chemical modification
was to introduce a diacetylenic unitin the middle of the bridging
chain to study the influence of the = — = stacking on the
supramolecular organisation of these molecules. Dry bola-
amphiphiles self-organize in supramolecular structures such
as lamellar crystalline structure, lamellar fluid structure and
lamellar gel structure. The thermal dependence of these
structures, as well as the phase transition is followed by small-
angle and wide-angle X-ray scattering. Once the thermal cycle
is accomplished, the system remains in the kinetically stabi-
lized undercooled high-temperature phase at temperature of
20 °C. Subsequently, the time dependence of the relaxation to
the thermodynamically stable phase is followed and very slow
relaxation on the order of hours or days is observed. The study
of polymorphism and the stability of various phases of this new
series of bolaamphiphiles is interesting for potential application
in health, cosmetics or food industry, is undertaken in this work.
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Interaction of alkylphospholipid liposomes with breast
cancer cells
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Alkylphospholipids have shown promising results in several
clinical studies and among them perifosine (OPP) is prom-
ising for breast cancer therapy. Antitumor effect was much
better in estrogen receptor negative (ER-) than in estrogen

receptor positive (ER+) tumors in vivo. Itis believed that APL
do not target DNA, but they insert in the plasma membrane
and ultimately lead to cell death.

Liposomes made of OPP and different amount of cholesterol
(CH) showed diminished hemolytic activity as compared to
micellar OPP, but in most cases cytotoxic activity was lower. In
order to find optimal liposomal composition and to understand
better the difference in the response of ER+ and ER- cells the
interaction OPP liposomes with ER+ and ER- cells was studied.
For liposomes with high amount of CH both cell types showed
slow release of the liposome entrapped spin probe into the
cytoplasm. Liposmes with low amount of CH interact better with
cells but the release is faster for ER- as for ER+ cells at 37°C.
Experiments with nitroxide-labeled OPP (SL-OPP) liposomes
suggest that the exchange of SL-OPP between liposomes and
cellular membranes is fast. However, translocation of SL-OPP
across the plasma membrane is slow, but seems to be faster for
OPRP resistent, ER+ cells as for ER- cells at 37°C.
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Estimation of a membrane pore size based on the law
of conservation of mass

Krystian Kubica', Artur Wrona' and Olga Hrydziuszko?
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The size of biomembrane pores determines which solutes or
active compounds may enter the cell. Here, using a mathe-
matical model of a lipid bilayer and the law of conservation of
mass, we calculate the radius of a membrane pore created by
rearranging the lipid molecules (the pore wall was formed out
of the lipid heads taken from the membrane regions situated
directly above and below the pore, prior its formation).
Assuming a constant number of lipid molecules per bilayer
(with or without the pore) and based on the literature data (60%
decrease in the area per chain for a fluid-to-gel transition and a
matching change of one chain volume not exceeding 4%) we
have shown that the pore radius can measure up to 4.7nm (for
a 7nm thick lipid bilayer) without the lipid molecules under-
going a phase transition. A further assumption of area per
chain being modified as a consequence of the lipids confor-
mational changes has resulted in an increase of the calculated
radius up to 7.1nm. Finally, a comparison of the pore volume
with the corresponding volume of the lipid bilayer has led to a
conclusion that for the system under consideration the mem-
brane pore can only be created with the lipids undergoing fluid-
to-gel conformational changes.
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Transient STAT recruitment into submicroscopic
domains at the membrane skeleton

Sara Léchte, Stephan Wilmes, Changjiang You,
Christian Richter, Jacob Piehler
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E-mail: sara.loechte@biologie.uni-osnabrueck.de

The type | interferon receptor is comprised of two subunits
IFNAR1 and IFNAR2, which are cross-linked by their ligand.

@ Springer
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The key signaling pathway involves tyrosine phosphoryla-
tion of signal transducers and activators of transcription
(STAT1 and STATZ2) by receptor-associated Janus kinases.
We aim to unveil of the very early events of signal activation
including ligand-induced receptor assembly and the
recruitment of the cytoplasmic effector proteins STAT1 and
STAT2 in living cells. To this end, we have explored the
spatiotemporal dynamics of STAT recruitment at the mem-
brane on a single molecule level. Highly transient
interaction of STATs to membrane-proximal sites was
detected by TIRF-microscopy, allowing for localizing and
tracking individual molecules beyond the diffraction limit.
Thus, we obtained a pattern of the spatio-temporal recruit-
ment of STAT molecules to the plasma membrane revealing
distinct submicroscopic structures and hotspots of STAT
interaction with overlapping recruitment sites for STAT1 and
STAT2. Strikingly, these STAT binding sites were indepen-
dent on receptor localization and expression level.
Simultaneous superresolution imaging of the cytoskeleton
revealed the organization of STAT recruitment sites within
the cortical actin skeleton.
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Nanoscale fluorescence correlation spectroscopy
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Characterization of molecular dynamics on living cell
membranes at the nanoscale level is fundamental to
unravel the mechanisms of membrane organization and-
compartmentalization. We have recently demonstr ated the
feasibility of fluorescence correlation spectroscopy (FCS)
based on the nanometric illumination of near-field scanning
optical microscopy (NSOM) probes on intact living cells [1].
NSOM-FCS was applied to study the diffusion of fluores-
cent lipid analogs on living CHO cells. The experiments
allowed to reveal details of the diffusion hidden by larger
illumination areas and associated with nanoscale mem-
brane compartmentalization. The technique also offers the
unique advantages of straightforward implementation of
multiple color excitation, opening the possibility to study
nanoscale molecular cross-correlation. Furthermore, the
NSOM probe evanescent axial illumination allows to
extend diffusion study to the membrane-proximal cyto-
solic region. As such, NSOM-FCS represents a novel
powerful tool to characterize the details of many biological
processes in which molecular diffusion plays a relevant
role.

[11 Manzo C., T.S. van Zanten and M.F. Garcia-Parajo.
2011. Biophys J. 100:L08-L10.

@ Springer

P-164

Formation of ternary and quaternary lipid bilayers

with nano/microdomains on bare and modified gold
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The growing interest in supported lipid bilayers (SLBs) on
conductive substrates, such as gold, is due to the possibility
of designing lipid-based biosensor interfaces with electro-
chemical transduction. Due to the hydrophobicity of gold it is
still a challenge to deposit planar and continuous bilayers
without previous surface modification. Most studies on gold
concern single-phase SLBs without cholesterol or ganglio-
sides, two vital components of biomembranes.

In this work the experimental conditions suitable for the for-
mation of complex SLBs with phase-separation directly on
gold are exploited. The mixtures DOPC/DPPC/cholesterol
(4:4:2) with 0 or 10 mol % of ganglioside GM1, which should
yield lipid raft-like domains according to reported phase
diagrams, were studied. SLB with lipid rafts were success-
fully formed onto bare Au (111), although surface
modification with 11-mercapto-undecanoic acid SAM stabi-
lized the SLBs due to its charge and hydrophilicity. The
different experimental conditions tested had an impact on
nano/microdomains organization observed by atomic force
microscopy in buffer solution. Surface characterization
through the combined use of ellipsometry, cyclic voltammetry
and AFM allowed to optimize the conditions for the formation
of more planar and compact SLBs.
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Mechanism of amyloid formation by Ap in raft-like
membranes containing ganglioside clusters
Keisuke |keda, Takahiro Yamaguchi, Saori Fukunaga,
Masaru Hoshino, Katsumi Matsuzaki
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Itis widely accepted that the conversion of the soluble, nontoxic
amyloid -protein (A}) monomer to aggregated toxic Ap rich in
p-sheet structures is central to the development of Alzheimer’s
disease. However, the mechanism of the abnormal aggregation
of Ap in vivo is not well understood. We have proposed that
ganglioside clusters in lipid rafts mediate the formation of
amyloid fibrils by Ap, the toxicity and physicochemical proper-
ties of which are different from those of A amyloids formed in
solution [1, 2]. In this presentation, we report a detailed mech-
anism by which Ap-(1-40) fibrillizes in raft-like lipid bilayers
composed of GM1/cholesterol/sphingomyelin. At lower con-
centrations, A formed an « helix-rich structure, which was
cooperatively converted to a f§ sheet-rich structure above a
threshold concentration. The structure was further changedtoa
seed-prone f structure at higher concentrations. The seed
recruited Af in solution to form amyloid fibrils.

[1] Int. J. Alzheimers Dis. 95614 (2011).
[2] Biochim. Biophys. Acta 1801, 868 (2010).
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Alterations in membrane cholesterol potentiate
carbohydrate-dependent neutrophil degranulation
Ann V. Mukhortava, Irina V. Gorudko
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At present there is a lot of controversy about lipid raft role —
glycolipid- and cholesterol-rich membrane microdomains —
in neutrophil signal transduction. As a large fraction of
neutrophil receptors is glycosylated, this study was
designed to clarify lipid rafts role in carbohydrate-dependent
neutrophil degranulation. The effect of methyl-f-cyclodextrin
(MBCD), a well-known lipid raft disrupting agent, on neu-
trophil degranulation induced by 8 plant lectins with different
carbohydrate-binding specificity was examined. Lectins
from Phaseolus vulgaris (PHA-E), Triticum vulgaris (WGA),
Vicia sativa (VSA), Canavalia ensiformis (ConA), Caragana
arborescens (CABA), Glycine hispida (SBA), Sambucus
nigra (SNA) and Urtica dioica (UDA) were used for cell
activation. Activity of lysozyme released from cells was
assayed by measurement of the lysis rate of Micrococus
lysodeikticus. Cholesterol extraction by MBCD resulted in
potentiating of neutrophil degranulating response to VSA,
SBA, UDA, SNA and PHA-E, but had no effect on WGA-,
ConA- and CABA-induced degranulation. Our results dem-
onstrate that MSCD effects on neutrophil degranulation
depend on the lectin-induced signal transduction pathways
and are readily resulted from recruitment of raft domains
from the specific granules. The observed synergetic effect
MpCD and lectin on neutrophil degranulation apparently
takes place for those lectins, which receptors are associ-
ated with lipid rafts.
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Background: Sonic hedgehog (Shh) signaling plays a crucial
role in growth and patterning during embryonic development,
but also in stem cell maintenance and tissue regeneration in
adults. Aberrant Shh pathway activation is involved in the
development of many tumors, and one of the most affected
Shh signaling steps found in these tumors is the regulation of

the signaling receptor Smoothened by the Shh receptor Pat-
ched. Inthe presentwork, we investigated Patched activity and
the mechanism by which Patched inhibits Smoothened.
Methodology / Principal Findings: Using the well-known Shh-
responding cell line of mouse fibroblasts NIH 3T3, we first
observed that the enhancement of the intracellular choles-
terol concentration induces Smoothened enrichment in the
plasma membrane, which is a crucial step for the signaling
activation. We found that binding of Shh protein to its
receptor Patched, which involves Patched internalization,
increases the intracellular concentration of cholesterol and
decreases the efflux of a fluorescent cholesterol derivative
(BODIPY-Cholesterol) from these cells. Treatment of fibro-
blasts with cyclopamine, an antagonist of Shh signaling,
inhibits Patched expression and reduces BODIPY-Choles-
terol efflux. We also show that the over-expression of human
Patched in the yeast S. cerevisiae results in a significant
boost of the BODIPY-Cholesterol efflux. Furthermore, we
demonstrate that purified Patched binds to cholesterol, and
that the interaction of Shh with Patched inhibits the binding of
Patched to cholesterol.

Conclusion / Significance: Our results suggest that Patched
may contribute to the cholesterol efflux from cells, and to
modulation of the intracellular cholesterol concentration. This
activity is likely responsible for the inhibition of the enrich-
ment of Smoothened in the cell plasma membrane which is
an important step in the Shh pathway activation.
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We developed a new versatile single-vesicle fusion assay to
study the molecular mechanisms of membrane fusion, based
on pore-suspending membranes. This system offers advan-
tages over other model membrane systems, such as black
lipid membranes (BLMs) or solid supported membranes
(SSMs). Specifically, it provides a solvent-free environment
with aqueous compartments that are accessible on both
sides of the membrane. With this assay, we were able to
observe single fusion events of large unilamellar vesicles
(LUVs) with pore-suspending membranes using confocal
laser scanning fluorescence microscopy. Membranes were
prepared by spreading of giant unilamellar vesicles (GUVs)
on highly ordered porous silicon substrates. GUVs were
doped with the fluorescent dye Oregon Green DHPE, LUVs
with Texas Red DHPE. Membrane fusion could be observed
through Forster resonance energy transfer that occurs if the
two lipid dyes come in close proximity as a result of lipid
mixing. Membrane fusion was mediated using SNARE-
derived artificial peptides, consisting of a coiled-coil-forming
three-heptad repeat segment that is linked to a SNARE-
transmembrane domain anchoring it to the lipid membrane.

@ Springer
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Currently, a setup is developed to be able to also monitor the
content release that occurs upon fusion.
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Effect of dl-alpha-tocopherol glicosidic derivative
on phospholipids monolayer structure
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Phospholipid dipalmitoyl phosphatidylcholine (DPPC) and its
binary mixtures with dl-a-tocopheryl p-D-glucopyranoside*
(BG) in Langmuir and Langmuir—Blodgett films have been
studied. Surface pressure versus mean molecular area (1—A)
isotherms for Langmuir films were recorded. Langmuir-
Blodgett monolayers were visualized with atomic force
microscopy (AFM).

The plateau surface pressure of BG/DPPC mixtures
monolayers is shifted proportionally with increasing concen-
tration of BG. This flat region of the curve disappears for
monolayers with mole fraction (MF) of BG greater than 0.2.
At higher surface pressures the isotherms exhibit composed
character. To obtain information about miscibility mean
molecular area was analyzed. For MF<0.3 the excess area
per molecule parameter, Ag, possess value in the range of
measuring error what suggests either complete miscibility, or
ideal phase separation of the components. For MF>0.3 the
positive deviation of Ag is observed, indicating partial misci-
bility and repulsive interaction between DPPC and BG
molecules.

AFM image of mixed BG/DPPC monolayer with mole fraction
of BG MF=0.1 shows 10 pum circular forms of liquid con-
densed phase which coexist with small grains of liquid
expanded phase. The measured height of pure DPPC
monolayer is greater than for monolayer with MF=0.1 of BG.
It may be assigned to larger tilt angle of the molecules to the
normal to the surface or greater elasticity of the monolayer in
the presence of BG molecules. The AFM image for BG/
DPPC monolayer shows the randomly distributed precipita-
tions on borders of the condensed phase domains. They
appear in the form of narrow cone with height of 2-5 nm.
Since they are seen only in BG/DPPC mixture we assume
that those are aggregated or crystalline forms of BG.
During n—A isotherms and AFM studies of monolayer of BG/
DPPC mixtures it has been shown that presence of BG
molecules changes the structure of DPPC monolayer in a BG
concentration dependent manner. Additionally, presence of
BG in the monolayer mixture increases its stability compared
to DPPC monolayer.
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Hepatitis C virus (HCV) has a great impact on public health,
affecting more than 170 million people worldwide since itis the
cause of liver-related diseases such as chronic hepatitis, cir-
rhosis and hepatocarcinoma. HCV entry into the host cell is
achieved by the fusion of viral and cellular membranes, repli-
cates its genome in a membrane associated replication
complex, and morphogenesis has been suggested to take
place in the endoplasmic reticulum (ER) or modified ER
membranes. The variability of the HCV proteins gives the virus
the ability to escape the host immune surveillance system and
notably hampers the development of an efficient vaccine. HCV
has a single-stranded genome which encode a polyprotein,
cleaved by a combination of cellular and viral proteases to
produce the mature structural proteins (core, E1, E2, and p7)
and non-structural ones (NS2, NS3, NS4A, NS4B, NS5A and
NS5B), the latter associated with the membrane originated
from the ER in the emerging virus. The NS4B protein, a fun-
damental player in the HCV replicative process and the least
characterized HCV protein, is a highly hydrophobic protein
associated with ER membranes. It has recently been shown
that the C-terminal is palmitoylated and the N-terminal region
has potent polymerization activity. The expression of NS4B
induces the formation of the so called membranous web, which
has been postulated to be the HCV RNA replication complex.
Thus, a function of NS4B might be to induce a specific mem-
brane alteration that serves as a scaffold for the formation of
the HCV replication complex and therefore has critical role in
the HCV cycle. Due to the high hydrophobic nature of NS4B, a
detailed structure determination of this protein is very difficult.
The NS4B protein is an integral membrane protein with four or
more transmembrane domains. The C-terminal region of
NS4B is constituted by two o helices, H; (approximately from
amino acid 1912 to 1924) and H, (approximately from amino
acid 1940 to 1960), which have been studied as potential tar-
gets for inhibiting HCV replication. Previous studies from our
group, based on the study of the effect of NS4B peptide
libraries on model membrane integrity, have allowed us to
propose the location of different segments in this protein that
would be implicated in lipid-protein interaction. Additionally, the
H4 region could be an essential constituent in the interaction
between protein and membrane. In this study we show that
peptides derived from the C-terminal domain of NS4B protein
of HCV are able to interact with high affinity to biomembranes,
significantly destabilizing them and affecting their biophysical
properties. There were also differences in the interaction of the
peptide depending on the lipid composition of the membranes
studied. We have also applied fluorescence spectroscopy,
infrared spectroscopy and differential scanning calorimetry
which have given as a detailed biophysical study of the inter-
action of the peptide with model biomembranes.

This work was supported by grant BFU2008-02617-BMC
(Ministerio de Ciencia y Tecnologia, Spain) to J.V.
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A semi-quantitative theory describing the adhesion kinetics
between soft objects as living cells or vesicles was developed.
The nucleation-like mechanism has been described in the
framework of a non-equilibrium Fokker-Planck approach
accounting for the adhesion patch growth and dissolution (A.
Raudino, M. Pannuzzo, J. Chem. Phys. 132, 045103 (2010)).
A well known puzzling effect is the dramatic enhancement of
the adhesion/fusion rate of lipid membranes by water-soluble
polymers that do not specifically interact with the membrane
surface.

We extend the previous approach by Molecular Dynamics
simulations in the framework of a coarse-grained picture of the
system (lipid+polymer+ions embedded in an explicit water
medium) in order to test and support our previous analytical
results.

Simulations show that the osmotic pressure due to the polymer
exclusion from the inter-membrane spacing is partially bal-
anced by an electrostatic pressure. However, we also
evidenced an interesting coupling between osmotic forces and
electrostatic effects. Indeed, when charged membranes are
considered, polymers of low dielectric permittivity are partially
excluded from the inter-membrane space because of the
increased local salt concentration. The increased salt con-
centration means also a larger density of divalent ions which
form a bridge at the contact region (stronger adhesion). The
overall effect is a smaller membrane repulsion. This effect
disappears when neutral membranes are considered.

The model could explain the fusion kinetics between lipid
vesicles, provided the short-range adhesion transition is the
rate-limiting step to the whole fusion process.
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Ceramide fatty acid composition selectively regulates distinct
cell processes by a yet unknown mechanism. However,
evidence suggests that biophysical processes are important
in the activation of signalling pathways. Indeed, ceramide
strongly affects membrane order, induces gel/fluid phase
separation and forms highly-ordered gel domains. The
impact of ceramide N-acyl chain in the biophysical properties
of a fluid membrane was studied in POPC membranes mixed

with distinct ceramides. Our results show that: i) saturated
ceramide has a stronger impact on the fluid membrane,
increasing its order and promoting gel/fluid phase separation,
while their unsaturated counterparts have a lower (C24:1
ceramide) or no (C18:1 ceramide) ability to form gel domains
at physiological temperature, ii) differences between distinct
saturated species are smaller and are related mainly to
domain morphology, and iii) very long chain ceramide indu-
ces the formation of tubular structures probably associated
with interdigitation. These results suggest that generation of
different ceramide species in cell membranes has a distinct
biophysical impact with acyl chain saturation dictating
membrane lateral organization, and chain asymmetry gov-
erning interdigitation and membrane morphology.
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Extra high content of cholesterol (Chol) in fiber-cell membranes
in the eye lens leads to Chol saturation and formation of cho-
lesterol bilayer domains (CBDs). It is hypothesized that high
enrichment in cholesterol helps to maintain lens transparency
and protect against cataractogenesis. In model studies, the
CBD is formed in a phospholipid bilayer when cholesterol
content exceeding the cholesterol solubility threshold, thus, the
CBD is surrounded by phospholipid bilayer saturated with
cholesterol. In the present study, we carried out molecular
dynamics (MD) simulation of two bilayers: a palmitoyloleoyl-
phosphatidylcholine (POPC) bilayer (reference) and a 1:1
POPC-Chol bilayer, to investigate the smoothing effect of the
saturating amount of cholesterol on the bilayer. To our knowl-
edge, this effect has not been studied so far so this study is
certainly providing new results. Our results indicate that satu-
ration with cholesterol significantly narrows the distribution of
vertical positions of the center-of-mass of the POPC molecules
and the POPC atoms in the bilayer and smoothes the bilayer
surface. We hypothesize that this smoothing effect decreases
light-scattering and helps to maintain lens transparency.

P-175

Biophysical characterisation of the Staphylococcus
aureus membrane: a neutron diffraction study

R. Rehal', F. Sebastiani®, K. Homer', K. Bruce”,

G. Fragneto? and R. Harvey’

’King’s College London, Franklin-Wilkins Building,

150 Stamford Street, London SE1 9NH, UK, 2 Institut
Laue-Langevin, BP 156, 6 rue Jules Horowitz, 38042
Grenoble Cedex 9, France, ° Universita degli Studi di Roma
“La Sapienza”, Piazzale Aldo Moro 5, 00185 Roma, Italy

The phospholipid content of Staphylococcus aureus mem-

branes displays a high degree of variability (1-3). The major
phospholipids found in S. aureus are phosphatidylglycerol
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(PG), cardiolipin (CL) and lysylphosphatidylglycerol (LPG),
(1) the concentrations of which are environment dependent
and see fluctuations on exposure to high concentrations of
positively charged moieties (4). Up regulation of LPG has a
suspected role in neutralisation of the plasma membrane in
response to cationic threats. Studies have been conducted
to probe biomimetic models of this theory however our focus
is to look at atomic details of membrane extracts in the
presence of magaininF5W. S. aureus 476 lipid extracts from
cells grown at pH 5.5 and 7.0, studies by neutron diffraction
with and without peptide at two contrasts. D-spacings were
assessed by Vogt area fitting and Bragg's law. Bilayer
separation at low pH was ~1-2 A less than pH 7.0. With
peptide, bilayer separations of pH 5.5 and 7.0 extracts were
reduced by ~2 A and ~4 A, respectively. Reduced PG
content of low pH extracts is suggested to reduce D-spac-
ing, however presence of peptide further reduces this,
possibly by an anion neutralisation effect. Abnormal
D-spacing on increased humidity may be due to the break-
down of LPG.

(1) Mukhopadhyay K, et al. Microbiology 2007 153:1187.

(2) Ernst, CM, et al. PLoS Pathog 2009 11/13;5(11):
€1000660.

(3) Peschel, A, et al. J Exp Med 2001 193:1067.

(4) Gould, RM, & Lennarz, WJ. J Bacteriol 1970 104:1135.
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Chlorohydrins induce oxidative stress, phosphorylation
of p38 kinase and apoptosis of HUVEC-ST cells
Agnieszka Robaszkiewicz, Grzegorz Bartosz,

Miroslaw Soszynski

Department of Molecular Biophysics, University of Lodz,
Pomorska 141/143, 90-236 Lodz, Poland

Activation of neutrophils releasing HOCI and apoptosis of
vein endothelial cells are the events documented to occur in
the course of atherosclerosis. As lipid chlorohydrins, which
are the key products of the reaction between HOCI and
unsaturated fatty acid residues, were found in atherosclerotic
plagues, we decided to check their biological activity in the
context of their ability to act as the mediators of HOCI-
induced oxidative stress and apoptosis in the culture of
immortalized human umbilical vein endothelial cells (HU-
VEC-ST). The concentration of reactive oxygen species was
found to be elevated after 1 h cell incubation with phos-
pahtidylcholine chlorohydrins. This effect was at least
partially caused by the leakage of superoxide anion from
mitochondria and followed by depletion of GSH and total
thiols. The significant decrease of antioxidant capacity of cell
extracts was also observed. The intracellular red-ox imbal-
ance was accompanied by the increase of the ratio between
phosphorylated and dephosphorylated forms of p38 MAP
kinase. After longer incubation a significant number of
apoptotic cells appeared. Summing up, phosphatidylcholine
chlorohydrins may be regarded as signaling molecules, able
to initiate signalling pathways by induction of oxidative stress.
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Influence of avidin-coated surface for GUV immobilization
on lipid domain size and distribution.

Maria Jodo Sarmento, Manuel Prieto, Fabio Fernandes
Centro de Quimica-Fisica Molecular and Institute

of Nanoscience and Nanotechnology, Instituto Superior
Técnico, Complexo I, Avenida Rovisco Pais, 1049-001
Lisbon, Portugal

Giant unilamellar vesicles (GUVs) are a valuable tool in the
study of lateral distribution of biological membrane compo-
nents. GUV dimensions are comparable to typical cell
plasma membranes and lipid phase separation can be
observed through fluorescence microscopy. GUV studies
frequently require immobilization of the vesicles, and several
methods are available for that effect. One of the most com-
mon methodologies for vesicle immobilization is the use of
avidin/streptavidin coated surfaces and biotin labeled lipids
at very low concentration in the vesicles. Here, we analyze
the effect of using this methodology on lipid domain distri-
bution for different lipid compositions. We show that as a
result of non-homogeneous distribution of biotin labeled lip-
ids between liquid disordered, liquid ordered and gel phases,
distribution of lipid domains inside GUVs can be dramatically
affected.

P-180

Monitoring membrane permeability: development
of a SICM approach
Christoph Safen'? and Claudia Steinem’

Institute for Organic and Biomolecular Chemistry, University
of Géttingen, Tammannstral3e 2, 37077 Goéttingen, Germany,
2GGNB Doctoral Program: IMPRS, Physics of Biological

and Complex Systems

Scanning ion conductance microscopy (SICM) utilises a
nanopipette containing an electrode as a probe for surface
investigations with resolutions of 1/3 of the inner pipette
diameter. Experiments are conducted under physiological
conditions, in situ and without mechanical contact of probe
and sample. Hence, SICM serves as a well-suited technique
for the investigation of soft objects such as cells or artificial
lipid membranes.

Using pore-suspending membranes (PSM) as a model sys-
tem, interactions of melittin as an example for cell penetrating
peptides (CPPs) and lipid membranes are investigated by
means of SICM. Formation of a range of solvent free PSM
from lipid vesicles has been achieved as confirmed by
means of fluorescence microscopy and SICM. Application of
melittin results in rupturing of the lipid bilayer.

Putative insights gained from this assay are critical concen-
trations of membrane permeabilising CCPs and answers to
mechanistic questions, e.g. whether CCPs translocate only
or form pores within the lipid bilayer.
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Min-waves on confined artificial membranes

Jakob C. Schweizer'#, Martin Loose'>#

Ingolf Ménch? and Petra Schwille'

"Biophysics, BIOTEC, Dresden University of Technology,
Tatzberg 47-51, 01307 Dresden, Germany, ?Institute

for Integrative Nanosciences, IFW Dresden, Helmholtz
Strasse 20, 01069 Dresden, Germany, 3present address:
Department of Systems Biology, Harvard Medical School,
200 Longwood Avenue, Boston, MA 02115, USA
#These authors contributed equally to this work

E-mail: petra.schwille@biotec.tu-dresden.de

Positioning of the Z-Ring in Escherichia Coli prior to cell divi-
sion is regulated by intracellular pole-to-pole oscillation and
membrane binding of Min proteins, allowing assembly of FtsZ
filaments only at the center plane of the cell. In order to
investigate the influence of membrane geometry on the
dynamic behavior of membrane binding of Min proteins, we
combined concepts of synthetic biology and microfabrication
technology. Glass slides were patterned by a gold coating with
microscopic windows of different geometries, and supported
lipid bilayers (SLB) were formed on these microstructures. On
SLBs, Min-proteins organize into parallel waves. Confinement
of the artificial membranes determined the direction of propa-
gation.Min-waves could be guided along curved membrane
stripes, in circles and even along slalom-geometries. In elon-
gated membrane structures, the protein waves always
propagate along the longest axis. Coupling of protein waves
across spatially separated membrane patches was observed,
dependent on gap size and viscosity of the aqueous media
above the bilayer. This indicates the existence of an inhomo-
geneous and dynamic protein gradient above the membrane.

0-182

Minimal systems for membrane associated cellular
processes

Petra Schwille

Bio Technology Center BIOTEC, Technical University
of Dresden, Germany

The strive for identifying minimal biological systems, particu-
larly of subcellular structures or modules, has in the past years
been very successful, and crucial in vitro experiments with
reduced complexity can nowadays be performed, e.g., on
reconstituted cytoskeleton and membrane systems. In this
overview talk, | will first discuss the virtues of minimal mem-
brane systems, such as GUVs and supported membranes, in
quantitatively understand protein-lipid interactions, in particular
lipid domain formation and its relevance on protein function.
Membrane transformations, such as vesicle fusion and fission,
but also vesicle splitting, can be reconstituted in these simple
subsystems, due to the inherent physical properties of selfas-
sembled lipids, and it is compelling question how simple a
protein machinery may be that is still able to regulate these
transformations. As an exciting example of the power of mini-
mal systems, | show how the interplay between a membrane
and only two antagonistic proteins from the bacterial cell
division machinery can result in emergence of protein
self-organization and pattern formation, and discuss the pos-
sibility of reconstituting a minimal divisome.
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Quantitative microscopic analysis reveals cell
confluence regulated divergence of PDGFR-initiated
signaling pathways with logically streamlined cellular
outputs

Arpad Sz66r, Laszlé Ujalky-Nagy, Janos Széllési,

Gyorgy Vereb

University of Debrecen, Department of Biophysics and Cell
Biology, Debrecen, Hungary

Platelet derived growth factor receptors (PDGFR) play an
important role in proliferation and survival of tumor cells.
PDGF-BB stimulation caused a redistribution of PDGF
receptors towards GM1 rich domains, which was more
prominent in confluent monolayers. PDGF-BB stimulation
significantly increased relative receptor phosphorylation of
the Ras / MAPK pathway specific Tyr716 residues and the
P13-kinase / Akt pathway specific Tyr751 residues in non-
confluent cultures. Tyr771 residues that serve as adaptors for
Ras-GAP which inactivates the MAPK pathway and Tyr1021
residues feeding into the PLC-gamma / CaMK-PKC pathway
were the docking sites significantly hyperphosphorylation
following ligand stimulation in confluent cells. We found that
p-Akt facilitated cell survival and pMAPK dependent prolif-
eration is more activated in dispersed cells, while
phospholipase C-gamma mediated calcium release and
PKC-dependent RhoA activation are the prominent output
features PDGF stimulus achieves in confluent cultures.
These observations suggest that the same stimulus is able to
promote distinctly relevant signaling outputs, namely, cell
division and survival in sparse cultures and inhibition of
proliferation joined with promotion of migration in confluent
monolayers that appear contact inhibited.

P-184

A thermodynamic approach to phase coexistence

in ternary cholesterol-phospholipid mixtures

Jean Wolff, Carlos M. Marques and Fabrice Thalmann
Institut Charles Sadron, Université de Strasbourg, CNRS
UPR, 22, 23 rue du Loess, Strasbourg Cedex, F-67037,
France

E-mail: thalmann@ics-cnrs.unistra.fr

We present a simple and predictive model for describing the
phase stability of ternary cholesterol-phospholipid mixtures.
Assuming that competition between the liquid and gel orga-
nizations of the phospholipids is the main driving force
behind lipid segregation, we derive a phenomenological
Gibbs free-energy of mixing, based on the calorimetric
properties of the lipids main transition. Gibbs phase diagrams
are numerically obtained that reproduces the most important
experimental features of DPPC-DOPC-Chol membranes,
such as regions of triple coexistence and liquid ordered -
liquid disordered segregation. Based on this approach, we
present a scenario for the evolution of the phase diagram
with temperature. Results for other phospholipid species,
such as POPC or PSM will also be presented.

J. Wolff, C. M. Marques, and F. Thalmann Phys. Rev. Lett.
106, 128104 (2011)
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Membrane potential influences mobility, interactions
and signaling of interleukin-2 and -15 receptors in T cells
V. Sebestyén’, E. Nagy', G. Mocsar', F. Papp’,

P. Hajdu?, G. Panyi?, K. Toth®, T. A. Waldmann®,

S. Damjanovich', A. Bodnar', G. Vamosi'

"Cell Biology and Signaling Research Group of the Hung. Acad.
Sci., Hungary, ?Dept. of Biophysics and Cell Biology, Medical
and Health Science Center, Univ. of Debrecen, Hungary,

3Div. Biophysics of Macromolecules, German Cancer Research
Center, Heidelberg, Germany, “Metabolism Branch, Center
for Cancer Research, National Cancer Institute, National
Institutes of Health, Bethesda, MD, USA

E-mail: even@mailbox.hu

Interleukin-2 and -15 receptors play a central role in the
activation, survival and death of T lymphocytes. They form
supramolecular clusters with MHC | and Il glycoproteins in T
cells. In damaged or inflamed tissues the extracellular K+
concentration increases, which can depolarize the mem-
brane. The common signaling beta and gamma chains of IL-
2/15R are phosphorylated upon cytokine binding and get a
permanent dipole moment, thus their conformation, interac-
tions, mobility and activity may be sensitive to the membrane
potential. We induced depolarization on FT 7.10 T lymphoma
cells by increasing the ec. K+ level or by blocking Kv 1.3
voltage gated K+ channels with margatoxin. FCS measure-
mens showed that the lateral mobility of Fab-labeled IL-2/
15R and MHC | and Il decreased upon depolarization, while
that of GPI-linked CD48 did not change. FRET efficiency
measured between some elements of the IL-receptor/MHC
cluster increased, which may reflect an increase of cluster
size. IL-2-induced receptor activity, as monitored by
measuring STAT5-phosphorylation, increased upon depo-
larization, whereas IL-15 induced phosphorylation did not
change. Our results may reveal a novel regulatory mecha-
nism of receptor function by the membrane potential.

P-186

MHC | organizes protein clusters and inhibits IL-2/IL-15
signaling in human T cells

J. Volké', G. Mocsar', E. Menczel', P. Nagy?,

K. Toth®, T. A. Waldmann®, S. Damjanovich’,

A. Bodnar', G. Vamosi'

"Cell Biology and Signaling Research Group of the Hung.
Acad. Sci. and ?Dept. of Biophysics and Cell Biology, Medical
and Health Science Center, Univ. of Debrecen, Hungary,
3Div. Biophysics of Macromolecules, DKFZ, Heidelberg,
Germany, “Metabolism Branch, Center for Cancer Research,
National Cancer Institute, National Institutes of Health,
Bethesda, MD, USA

Major histocompatibility class | and Il glycoproteins and

interleukin-2 and -15 receptors form supramolecular clusters
in lipid rafts of FT7.10 T lymphoma cells. IL-2 and IL-15

@ Springer

cytokines play an important role in T cell activation and
immunological memory, whereas MHCs are known for the
role in antigen presentation.

We applied RNAI to silence the expression of MHC | in order to
study its possible role in receptor assembly and function.
FRET data indicated that the association of IL-2R and IL-15R
with MHC | as well as between IL-2R and IL-15R weakened.
FCSindicated an increase of receptor mobility also suggesting
the partial disassembly of the clusters. MHC | gene silencing
lead to a remarkable increase of IL-2/IL-15 induced phos-
phorylation of STATS transcription factors. In search for the
molecular background of this inhibition of signaling by MHC |
we checked IL-2 binding and the formation of the receptor
complex (IL-2R alpha - IL-2R beta association), but we did not
find a difference as compared to the control.

Our results suggest that MHC | plays an organizing role in
maintaining supramolecular receptor clusters and inhibits IL-
2R signaling, revealing a nonclassic new function of MHC |
beyond its classical role in antigen presentation.

P-187

Monitoring Interleukin-4 receptor activation:

from the cell surface into endosomes

Thomas Weidemann', Remigiusz Worch'-3, Kristina
KurgonaiteZ, Hetvi Gandhi', Christian Bokel?,

Petra Schwille'

1Biophysics Research Group, BIOTEC, Technische
Universitat Dresden, Germany, 2CRTD, Center

for Regenerative Therapies Dresden, Technische Universitét
Dresden, Germany, 3Institute of Physics, Polish Academy
of Sciences, Warsaw, Poland

Interleukin-4 (IL-4) is an important cytokine involved in
adaptive immunity. IL-4 binds with high affinity the single-
pass transmembrane receptor IL-4Ro. The occupied com-
plex, IL-4/IL-4Ra then engages either IL-2Ry or IL-13Ra1,
to form an activated type | or Il receptor, respectively. This
formation of heterodimers is believed to trigger cross-acti-
vation of intracellular Janus kinases. Here we follow a
fluorescently labeled ligand through various stages of
receptor activation in HEK293T: Using fluorescence corre-
lation spectroscopy (FCS), we see that the receptor chains
diffuse as monomers within the plasma membrane. Using
dual-color FCCS provides direct evidence for ligand
induced co-diffusion of occupied IL-4Ro and IL-13Ru1. In
contrast, type | complexes containing IL-2Ry could not be
observed. However, ectopic expression of GFP-tagged IL-
2Ry/JAK3 induced stable fluorescent speckles in or close
to the plasma membrane. We identified these structures as
early sorting endosomes by colocalization of surface
markers like EEA1 and Rab GTPases. The IL-4Rax chain is
continuously trafficking into these compartments. These
observations suggest that the formation of a type | IL-4R
heterodimer may require internalization and that early en-
dosomes serve as a platform for IL-4 signaling.
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Spot variable Fluorescence Correlation Spectroscopy
reveals fast scouting of K-Ras at the plasma membrane
of living cells

Tomasz Trombik'*, Verena Ruprecht®™,

Sébastien Mailfert', Cyrille Billaudeau’,

Fabien Conchonaud’, Gerhard J. Schiitz?,

Yoav Henis®, Stefan Wieser'-?

and Didier Marguet""

"Centre d’Immunologie de Marseille-Luminy,
CNRS-INSERM-Université de la Méditerranée, Marseille,
France, 2Biophysics Institute, Johannes-Kepler-University
Linz, Austria, ® Department of Neurobiology,

George S Wise Faculty of Life Sciences,

Tel Aviv University, Israel

Among the membrane associated proteins, the Ras family,
which is lipid-anchored G protein, plays a key role in a large
range of physiological processes and, more importantly, is
deregulated in a large variety of cancer. In this context,
plasma membrane heterogeneity appears as a central con-
cept since it ultimately tunes the specification and regulation
of Ras-dependent signaling processes.

Therefore, to investigate the dynamic and complex mem-
brane lateral organization in living cells, we have developed
an original approach based on molecule diffusion measure-
ments performed by fluorescence correlation spectroscopy
at different spatial scales (spot variable FCS, svFCS) (1).
We have shown in a variety of cell types that lipid-
based nanodomains are instrumental for cell membrane
compartmentalization. We have also observed that these-
nanodomains are critically involved in the activation of
signaling pathways and are essential for physiological
responses (2-3).

More recently, weextend the application of svFCS to
characterizethe dynamics of K-Rasproteinat the plasma
membrane. As major result, we demonstrated that the rate
of K-Ras association/dissociation from the membrane is
fast but vary as a functional of the activation state of
the molecule as well as of specific intracellular protein
interactions.

*Correspondance : D. Marguet, marguet@ciml.univ-mrs.fr,
CIML, Parc Scientifique de Luminy, Case 906, F-13288
Marseille Cedex 9, France, Phone: +(33)491 269 128, FAX:
+(33)491 269 430

(1) He HT, Marguet D “Detecting nanodomains in living cell
membrane by fluorescence correlation spectroscopy”
Annu Rev PhysChem 2011 62:417-36

(2) Lasserre R et al “Raft nanodomains contribute to Akt/
PKB plasma membrane recruitment and activation”Nat
ChemBiol 2008 4:538-47

(3) Guia S et al “Activating receptor confinement at the
plasma membrane controls Natural Killer cell tolerance”
Science Signaling 2011 4:ra21
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Insights into the molecular mechanisms of Hsp70-
mediated inhibition of amyloid formation

Francesco A. Aprile"2, Anne Dhulesia?, Florian Stengel®,
Tommaso Eliseo?, Cintia Roodvelt?, Benedetta Bolognesiz,
Paolo Tortora®, Xavier Salvatella®, Nunilo Cremades?,
Christopher M. Dobson?

"Department of Biotechnology and Biosciences, University
of Milano-Bicocca, Milan, Italy, 2Department of Chemistry,
University of Cambridge, Cambridge, UK, *Department

of Chemistry, University of Oxford, Oxford, UK, *Institute
for Research in Biomedicine, Barcelona, Spain

Molecular chaperones have been recognised as key players in
the avoidance of misfolding and amyloid fibril formation. In
particular, recent evidences demonstrate that loss of chaperone
heat-shock protein 70 kDa (Hsp70) activity is strictly related with
the formation of intra-neuronal inclusions of alpha-synuclein
(AS), one of the main hallmarks of Parkinson’s disease.
Human Hsp70 is composed of two functional domains; the
44-kDa N-terminal nucleotide-binding domain (NBD), with
ATPase activity, and the 30-kDa C-terminal substrate-binding
domain (SBD). With the aim of gaining insight into Hsp70
substrate recognition process of AS in relation with the Hsp-
70 mediated inhibitory effect on AS aggregation, we have
characterized both processes in detail using full-length
Hsp70 and several truncated variants and by means of a
wide range of biophysical techniques, including nmR.

We have so demonstrated that an helical lid sub-domain in
the SBD is essential for monomeric AS binding, but not for
the anti-aggregation activity of the chaperone, suggesting
that Hsp70 is able to interact with pre-fibrillar oligomeric
species formed during AS aggregation and that, then, the
mechanism of binding for these species is different from that
of the monomeric protein.
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Characterizing the amyloidogenic state of the
acylphosphatase from Sulfolobus solfataricus
Francesco Bemporad', Alfonso De Simone”,

Fabrizio Chiti®, Christopher M. Dobson'

"Department of Chemistry, University of Cambridge,
Lensfield Road, Cambridge CB2 1EW, UK, 2Dipan‘imento di
Scienze Biochimiche, Universitf degli Studi di Firenze, Viale
Morgagni 50, 50134, Firenze, Italy

Aggregation of the acylphosphatase from Sulfolobus sol-
fataricus (Sso AcP) into amyloid-like protofibrils is induced
by the establishment of an intermolecular interaction
between a 11-residue unfolded segment at the N-terminus
and the globular unit of another molecule. We have used
data from hydrogen/deuterium exchange experiments,
intermolecular paramagnetic relaxation enhancements and
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isothermal ftitration calorimetry measurements on an
aggregation-resistant Sso AcP variant lacking the 11-resi-
due N-terminus to characterize the initial steps of the
aggregation reaction. Under solution conditions that favour
aggregation of the wild-type protein, the truncated protein
was found to interact with a peptide corresponding to the
N-terminal residues of the full length protein. This interac-
tion involves the fourth strand of the main f-sheet structure
of the protein and the loop following this region and
induces a slight decrease in protein flexibility. We suggest
that the amyloidogenic state populated by Sso AcP prior to
aggregation does not present local unfolding but is char-
acterized by increased dynamics throughout the sequence
that allow the protein to establish new interactions, leading
to the aggregation reaction.
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Amyloid-like aggregates alter the membrane mobility
of GM1 gangliosides

Martino Calamai and Francesco Pavone

University of Florence, LENS - European Laboratory for Non-
Linear Spectroscopy, Sesto Fiorentino, Florence, ltaly

Neuronal dysfunction in neurodegenerative pathologies such
as Alzheimer’s disease is currently attributed to the interac-
tion of amyloid aggregates with the plasma membrane.
Amongst the variety of toxic mechanisms proposed, one
involves the binding of amyloid species to GM1 gangliosides.
GM1 takes part into the formation of membrane rafts, and
exerts antineurotoxic, neuroprotective, and neurorestorative
effects on various central neurotransmitter systems. In this
study, we investigated the effects of amyloid-like aggregates
formed by the highly amyloidogenic structural motif of the
yeast prion Sup35 (Sup35NM) on the mobility of GM1 on the
plasmamembrane of living cells.

Preformed Sup35NM aggregates were incubated with cells
and GM1 molecules were subsequently labeled with biotin-
ylated CTX-B and streptavidin quantum dots (QDs). Single
QDs bound to GM1 were then tracked. The mobility of GM1
was found to decrease dramatically in the presence of
Sup35NM aggregates, switching from Brownian to mainly
confined motion.

The considerable interference of amyloid-like aggregates
with the lateral diffusion of GM1 might imply a consequent
loss of function of GM1, thus contributing to explain the toxic
mechanism ascribed to this particular interaction.
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Insights into the early stages of fibrillogenesis of insulin
using mass spectrometry

Harriet L. Cole"2, Massimiliano Porrini?,

Cait E. MacPhee? and Perdita E. Barran'

School of Chemistry, University of Edinburgh, Joseph Black
Building The Kings Buildings, Edinburgh, EH9 3JJ, UK
2School of Physics, University of Edinburgh, James Clerk
Maxwell Building The Kings Buildings, Edinburgh,

EH9 3JZ, UK

Insulin is a vital hormone in metabolic processes as it regu-
lates the glucose levels in the body. Insulin is stored in the f
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cells of the pancreas as a hexamer, however its biologically
active form is the monomer. The formation of fibrillar aggre-
gates of insulin rarely occurs in the body; however localised
amyloidosis at the site of injection for diabetes patients and
aggregation of pharmaceutical insulin stocks present
problems.

In the current study oligomers formed early in the process of
fibril assembly in vitro are observed by mass spectrometry
(MS). MS is the only technique which allows early species to
be characterised as it can identify different oligomeric orders
by mass to charge ratio and show protein abundance and
aggregation propensity.

on mobility MS is used to examine rotationally averaged
collision cross sections of oligomers in the aggregating
solution. A wide array of oligomers is observed and the
stability of specific species is remarked. The presence of
multiple conformations for the highly charged oligomers is
particularly noted and their assignment confirmed using
Fourier Transform lon Cyclotron Resonance MS and collision
induced dissociation. Molecular modelling has been used to
further explore the conformational space the oligomers
inhabit.
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Viscometric detection of conformational transitions

and aggregation of polylysine

D. Fedunova, J. Bagelova, Z. Gazova, M. Antalik
Department of Biophysics, Institute of Experimental Physics
SAS, Kosice, Slovakia

Amyloid fibrils consisting of different proteins have been
recognized as an accompanying feature of several neuro-
degenerative diseases. Many proteins without known
connection to any diseases have been found to form amy-
loid fibrils in vitro, leading to suggestion that the ability to
form fibrils is the inherent property of polypeptide chain. The
observed common character of protein amyloid formation
enables to seek further clues of fibrillation mechanism by
studying generalized sequenceless polypeptide models, e.g.
polylysine. We have studied conformational transitions of
polylysine, with different chain length at various pH, ionic
strength and temperature by means of novel approach -
viscometric method. This polypeptide undergoes alfa-helix
to beta-sheet transition and forms amyloid fibrils in special
conditions. Temperature induced o-helix to f-sheet transi-
tions occurs at pH interval form 10 to 11.8 and with
increasing chain length is slightly shifted to the lower pH. We
have found narrow pH interval, in which the thermal transi-
tion is fully reversible, suggesting the high sensitivity of
polypeptide conformation on subtle changes in charge on its
side chains.

This work was supported within the projects VEGA
0079,0038 and 0155, CEX SAS Nanofluid and by ESF pro-
ject No. 26220120033.
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Flow-induced polymorphism of protein aggregates

in micro channels

Vito Fodera, Stefano Pagliara, Ulrich F. Keyser

and Athene M. Donald

Sector of Biological and Soft Systems, Cavendish Laboratory
University of Cambridge JJ Thomson Avenue, Cambridge
CB3 OHE, UK

Understanding the mechanisms of the conversion from the
native state of a protein to the amyloidal state represents a
fundamental step in improving the purification, storage and
delivery of protein-based drugs and it is also of great rele-
vance for developing strategies to prevent in vivo protein
aggregation. Amyloid fibrils have a structural arrangement of
cross f-sheet but they can also experience different packing
into three dimensional superstructures, i.e. polymorphism. It
is well known that, among others, both the geometric con-
finement of the molecules and shear forces can affect the
final morphology of the aggregates. Importantly, due to the
complexity and crowding of the cellular region, such
parameters also play a crucial role in in vivo processes. We
present an experimental approach to study in vitro amyloid
aggregation in a controlled and uniform shear force field and
within microscale environments. In particular we focus on
the effect of these two parameters on the formation of
spherical aggregates, known as spherulites. Using micro
channels of different cross-sections from 5 t01000 um x 12
um and flow rates in the range of hundreds of pl/min, the
number and diameter of spherulites within the channels
have been characterized using crossed polarizers optical
microscopy.
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Inhibition of insulin amyloid fibrillization by albumin
magnetic fluid

K. Siposova'-?, Z. Bednarikova?, M. Kubovcikova®,

A. Antosova', M. Koneracka', V. Zavisova', P. Kopcansky',
Z. Gazova'

TInstitute of Experimental Physics, Slovak Academy

of Sciences, Kosice, Slovakia, ®Institute of Chemical
Sciences, Faculty of Science, P. J. Safarik University, Kosice,
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Insulin amyloid aggregation causes serious problems for
patient with insulin dependent diabetes undergoing long-term
treatment by injection, in production and storage of this drug
and in application of insulin pumps. Recent studies indicate
that protein amyloid aggregation causes the cell impairment
and death; however, the prevention of amyloid aggregation is
beneficial. We have investigated ability of albumin magnetic
fluid (AMF) to inhibit insulin amyloid aggregation by spec-
troscopic and microscopic techniques. Albumin magnetic
fluid consists of magnetic Fe;O, nanoparticles sterically
stabilized by sodium oleate and functionalized with bovine
serum albumin (BSA) at various weight ratios BSA/Fe30,.
We have found the positive correlation between inhibiting
activity of AFM and nanoparticle diameter and zeta potential.
The ability of AMF to inhibit formation of amyloid fibrils
exhibits concentration dependence with 1Cs9 values

comparable to insulin concentration. The observed features
make AMF of potential interest as agents effective in the
solving of problems associated with insulin amyloid
aggregation.

(This work was supported within the projects VEGA 0079,
0155 and 0077, CEX SAS Nanofluid, APVV-0171-10, SK-
RO-0012-10 and ESF project 26220220005).
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Beta-sheet Structure Formation at the Air-Water
Interface: Triggers, Transitions and Orientations

Maria Hornke', Jessica Falenski?, Beate Koksch?,

Gerald Brezesinski'

"Max-Planck-Institute of Colloids and Interfaces, Am
Miihlenberg 1, 14476 Potsdam, Germany, %Free University
Berlin, Organic Chemistry, Takustr. 3 14195 Berlin, Germany

Amyloid formation of peptides causes diseases like Alzhei-
mer’s and Parkinson’s disease. However, the conditions for
the onset of the neurotoxic beta-sheet formation are poorly
understood.

We focus on aggregation triggers and their interplay: Inter-
actions with hydrophobic-hydrophilic interfaces, orientation of
peptides in 2D, metal ion complexation and lipid layers. The
tailor-made model peptides exhibit defined secondary
structure propensities and metal ion binding sites.

The interactions of the peptide with the air-water interface
and with metal ions are studied using surface sensitive
methods connected to film balance measurements. X-ray
diffraction, X-ray reflection, infrared reflection-absorption
spectroscopy and total reflection X-ray fluorescence were
applied to reveal the layer structure, peptide conformations
and metal ion binding at the interface.

We found that amyloid formation in 2D is dominated by the
hydrophobic-hydrophilic interface and not comparable to the
bulk behaviour. The interface can enhance or inhibit beta-
sheet formation. The effect of metal ion complexation depends
on the arrangement of the binding sites in the peptide and
the preferred metal complexation geometry. The two trig-
gers interface and metal ion complexation, can oppose each
other.
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Effect of ApoE isoform and lipidation status on
proteolytic clearance of the Amyloid-beta peptide
Hubin, E."?3, Van Nuland, N."23, Broersen, K.>*
iDepartment of Molecular and Cellular Interactions, Flanders
Institute for biotechnology (VIB), Brussels, Belgium, 2Jean
Jeener nmR Centre, Structural Biology Brussels, Brussels,
Belgium, 3Vrije Universiteit Brussel (VUB), Brussels,
Belgium, *MIRA Institute for Biomedical Technology

and Technical Medicine, Nanobiophysics Group, University
of Twente, Enschede, The Netherlands

Alzheimer’'s disease (AD) is the most common type of
dementia in the elderly. The most important genetic risk
factor identified for AD is the isoform, ¢2, ¢3 or &4, of apoli-
poprotein E (ApoE), a lipid-carrying protein. One hallmark of
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AD is the accumulation of amyloid-beta peptide (Af) in the
brain which is thought to result from an imbalance between
the production of A and its clearance. Previous studies
report an important role for ApoE in Af degradation. We
sought to determine the effect of ApoE isoform and lipidation
status on the degradation of soluble Ap by proteinases such
as insulin-degrading enzyme and neprilysin. In this study an
in vitro Ap clearance assay based on the competition
between Ap and a fluorogenic peptide substrate is developed
to quantify Af degradation. To elucidate the proteolytic
clearance mechanism, the fragments resulting from cleavage
are identified by mass spectrometry and further analyzed to
identify the interacting stretch of the Af sequence with the
different ApoE isoforms. The results suggest that ApoE
influences the rate of Af degradation.
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The role of protein context of polyglutamine

in misfolding and aggregation: a combined biophysical
and computational approach

G. Invernizzi, E. Papaleo, M. Lambrughi,

M. Bonanomi, A.M. Frana, A. Natalello, S.M. Doglia,

M.E. Regonesi, P. Tortora

University of Milano-Bicocca, Department of Biotechnology
and Biosciences, Milano, Italy

Polyglutamine (polyQ) diseases are a class of neurological
amyloid pathologies triggered by an aberrant aggregation of
proteins bearing an expanded polyQ stretch. Proteins
involved in polyQ diseases do not share any functional and
structural similarity besides the polyQ tract which has been
accounted as the causative agent of the pathology. Never-
theless, it has been demonstrated that the aminoacidic
context in which polyQ is inserted can greatly influence
protein aggregation and, consequently, cytotoxicity. In this
view, a deep knowledge of the structural and dynamic fea-
tures of polyQ flanking sequences and their interplay within
the misfolding and aggregation events are crucial to under-
stand the molecular mechanisms leading to amyloid
formation. In the present contribution, we used the multi-
domain polyQ protein ataxin-3 as a model for polyQ context
studies, integrating computational approaches, as atomistic
molecular dynamics simulations, and experimental data
derived from fluorescence, FT-IR and CD spectroscopies,
ESI-MS and SEC. Besides the well-known role of the N-term
structured Josephine domain (JD) in the protein aggregation
pathway, our studies highlighted a crucial role for the disor-
dered tract between JD and polyQ, as well as for the
C-terminal tract beyond the polyQ.
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Kinetics of protein aggregation

Tuomas Knowles, Michele Vendruscolo, Chris Dobson
Department of Chemistry, University of Cambridge, Lensfield
Road, Cambridge CB2 1EW, UK

The aggregation of proteins into fibrillar nanostructures is a
general form of behaviour encountered for a range of
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different polypeptide chains. The formation of these struc-
tures is associated with pathological processes in the context
of Alzheimer’s and Parkinson’s diseases but is also involved
in biologically beneficial roles which include functional coat-
ings and catalytical scaffolds. This talk focuses on recent
work directed at understanding the kinetics of this process
through the development and application of experimental
biophysical methods and their combination with kinetic the-
ories for linear growth phenomena.
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Effect of 14-3-3(eta) on alpha-synuclein aggregation
intermediates

Dhruv Kumar', Nicoletta Plotegher?, Isabella Tessari?,
Bruno Samori'* 3, Marco Brucale'* 3, Luigi Bubacco?
"University of Bologna, Dept. of Biochemistry, Via Imerio 48,
Bologna, Italy, 2University of Padova, Dept. of Biology, Via
Ugo Bassi 58/B, Padova, Italy, S3 Center of Nanostructures
and Biosystems at Surfaces, Istituto di Nanoscienze — CNR,
Italy

E-mail: dhruv.kumar2@unibo.it

Alpha-synuclein (AS) is a neuronal protein of unknown
function which is mainly involved in the pathophysiology of
neurodegenerative diseases, including Parkinson’s disease,
Alzheimer’s disease and Dementia with Lewy Bodies (LBs).
LBs contains not only AS, but also other proteins including
14-3-3 proteins. 14-3-3 proteins exist mainly as a dimer and
its exact functions are remain unclear. However, recent work
has shown that the association of 14-3-3(eta) with AS in LBs.
Herein we show how 14-3-3(eta) can modulate AS in vitro
aggregation behavior, by rerouting it toward the formation of
stable non-fibrillar aggregates. We also show that the
resulting populations of fibrillar and pre-fibrillar aggregates
exhibit a modified toxicity in vivo with respect to the unper-
turbed aggregates. Interestingly, 14-3-3(eta) does not show
any binding affinity for monomeric AS, nor for the mature
fibrillar aggregates. We provide evidence that it acts on the
oligomeric species which form during the amyloidogenesis
process of aggregation. Since 14-3-3(eta) can influence the
toxicity of amyloidogenesis without perturbing the functional
AS monomers, we are convinced that once fully understood,
its mode of action could represent a promising model to
mimic with synthetic drugs and peptides.
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What makes an amyloid toxic: morphology, structure
or interaction with membranes?

K. Berthelot’, H.P. Ta?, B. Coulary-Salin', C. Cullin',

S. Lecomte

TInstitut de Biochimie et Génétique Cellulaires, UMR 5095,
CNRS/Université de Bordeaux, France, 2Chimie Biologie des
Membranes et Nano-objets, UMR 5248, CNRS/Université de
Bordeaux, France

More than 40 human diseases are related to amyloids. In
order to understand why some amyloids may become toxic
to their host and some others are not, we first developed a
genetical approach in the yeast Saccharomyces cerevisiae.
We have chosen the amyloid/prion protein HET-s Prion
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Forming Domain (218-289) from the fungi Podospora anse-
rina, which is not toxic in yeast. Some toxic amyloids mutants
were generated by random mutagenesis. /In vitro the most
toxic mutant called “M8” displays very peculiar nanofibers,
which polymerized mainly in amyloid antiparallel f-sheets
whereas the non-toxic WT exhibits a parallel polymerization.
We further established the dynamic of assembling of the M8
toxic amyloid, in comparison to the WT non-toxic amyloid,
and showed the presence of specific oligomeric intermedi-
ates also organized in antiparallel f-sheet structures. A more
global structure/toxicity study on more than 40 mutants
clearly identified an antiparallel f-sheet signature for all the
toxic mutants. Therefore size, intermediates and antiparallel
structures may account for amyloid toxicity in yeast but we
still wonder what their cellular targets are. Recently, we
established the first evidences that toxic mutants may spe-
cifically bind in vitro to lipids, particularly negatively charged.
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Interconnected mechanisms in Abeta(1-40) peptide fibril
formation

Maurizio Leone, Giovanna Di Carlo, Michele D’Amico,
Valeria Militello, Valeria Vetri

University of Palermo - Dept. of Physics, Palermo, Italy

We present an experimental study on the fibril formation of
Ap(1-40) peptide at pH 7.4. The kinetics of this process is
characterized by the occurrence of multiple transient spe-
cies that give rise to final aggregates whose morphology
and molecular structure are strongly affected by the growth
conditions. To observe in details the aggregation pathway as
a function of solution conditions, we have used different
experimental techniques as Light scattering, Thioflavin T
fluorescence, Circular Dichroism and two-photon fluores-
cence microscopy. This approach gives information on the
time evolution of conformational changes at molecular level,
on the aggregates/fibrils growth and on their morphologies.
The selected experimental conditions allowed us to highlight
the existence of at least three different aggregation mecha-
nisms acting in competition. A first assembly stage, which
implies conformational conversion of native peptides, leads to
the formation of small ordered oligomers representing an
activated conformation to proceed towards fibril growth. This
process constitutes the rate limiting step for two distinct fibril
nucleation mechanisms that probably implicate spatially het-
erogeneous mechanisms.
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Amyloid formations and interactions

Dmitrijs Lapidus', Salvador Ventura?, Cezary Czaplewski®,
Adam Liwo?®, Inta Liepina’

"Latvian Institute of Organic Synthesis, Aizkraukles
str.21,Riga LV1006, Latvia, 2Institut de Biotecnologia i de
Biomedicina, Universitat Autonoma de Barcelona, E-08193
Bellaterra, Spain, 3Department of Chemistry, and University
of Gdansk, ul. Sobieskiego 18, 80-952 Gdansk, Poland

The formation of amyloid fibrils of amylin 10-29 was studied
by means of molecular dynamics (MD) and energy partition

on three peptide R-sheet stack systems with the same amino
acid composition: wild type amylin 10-29 (Amyl 10-29),
reverse amylin 10-29 (Rev-Amyl 10-29) and scrambled
amylin version Scr-Amyl 10-29. The results show that for
Amylin10-29 peptides, amino acid composition determines
the propensity of a peptide to form amyloid fibrils indepen-
dent of their sequence. The sequence of amino acids defines
the shape and the strength of amyloid protofibril, which
conforms with the atom force microscope (AFM) data [1]. MD
show that the 6x6RevAmyl-10-29 stack has looser self-
assembly than the 6x6Amyl-10-29 stack, which conforms
with the results of Fourier transform infrared spectroscopy
(FTIR) measurements for the peptides studied [1]. The
results of MD show that 6x6Amyl-10-29 could have a turn,
which consists with FTIR data [1].
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Mechanistic insights into Af42 aggregation and effects
of inhibitors
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Data on Ap aggregation kinetics have been characterized by
a large spread between experiments on identical samples
that contain so many molecules that stochastic behaviour is
difficult to explain unless caused by uncontrolled amounts of
impurities or interfaces. We have therefore spent consider-
able effort to eliminate sources of inhomogeneity and
reached a level of reproducibility between identical samples
and between experiments on separate occasions that we
can now collect data that can lead to mechanistic insights
into the aggregation process per se, and into the mechanism
of action of inhibitors. Data on Af42 aggregation will be
shown that give insight into the influence of physical
parameters like peptide concentration, shear and ionic
strength, as well as the effect of inhibitory proteins, model
membranes and the effects of sequence variations. Monte
Carlo simulations of amyloid formation from model peptides
corroborate the finding from experiments and underscore
that the very high level of predictability and reproducibility
comes from multiple parallel processes.

References: Hellstrand et al ACS Chem Neurosci. 1, 13-18
(2010); Hellstrand et al, Biophys J. 98:2206-2214 (2010);
Cabaleiro-Lago et al, ACS Chem Neurosc., 1, 279-287 (2010)
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Lipid-protein interaction and amyloid-like fiber
formation: FLIM and FCS studies
Ana M. Melo", Ana Coutinho'-?, Manuel Prieto’

Centro de Quimica-Fisica Molecular and IN- Institute
of Nanosciences and Nanotechnology, Instituto Superior
Técnico, Lisbon, Portugal, 2Depan‘amento de Quimica e

Bioquimica, FCUL, Lisbon, Portugal

Negatively-charged membranes were reported to catalyze
“amyloid-like” fiber formation by non-amyloidogenic proteins
[1]. Our study aims to elucidate the factors that govern the
formation of these amyloid-like fibers. Lysozyme was selected
as a model of non-amyloidogenic protein and was fluores-
cently-labeled with Alexa Fluor 488 (A488-Lz). First, A488-Lz
partition towards phosphatidylserine-containing liposomes
was characterized quantitatively using fluorescence correla-
tion spectroscopy (FCS), in order to calculate the protein
coverage of liposomes. Secondly, the interaction between
A488-Lz and negatively-charged lipid membranes was stud-
ied using both steady-state and time-resolved fluorescence
techniques. This interaction was found to switch from a
peripheral binding to the anionic headgroups, at high lipid/
protein molar ratio (L/P), to a partial insertion of protein into the
hydrophobic core of the membrane, atlow L/P. Finally, the lipid-
protein supramolecular complexes formed at low L/P were
characterized by fluorescence lifetime imaging microscopy
(FLIM). The mean lifetime of A488-Lz in these supramolecular
structures is much lower compared to the values obtained for
the free and bound A488-Lz at high L/P. The fiber character-
ization will be complemented by FCS studies.

[11 Zhao et al. 2004 Biochemistry 43: 10302—10307
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Zinc modulates copper coordination mode in prion
protein octa-repeat subdomains

Francesco Stellato 2, Ann Spevacek®, Olivier Proux®,
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iDipan‘imento di Fisica, Universita di Roma ‘Tor Vergata’,
via della Ricerca Scientifica, 1, 00133, Roma, Italy, 2Centre
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We present the results of recent XAS measurements carried
out on various portions of Prion-protein tetra-octarepeat
peptides in complex with metals with the aim of elucidating
the mechanism underlying the competition for peptide bind-
ing when two distinct metal ions (in our case Cu?* and Zn?*)
are simultaneously present in solution. Thanks to the ability
of the XAS technique in providing detailed local structural
information of the metal site, we are able to demonstrate
that Cu and Zn interact with the peptide, in the sense that
increased Zn (Cu) concentration progressively changes the
way Cu (Zn) is bound to the tetra-octarepeat, even if none
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of the two metals is ever able to completely displace the
other.

We propose a structural model in which the Cu?*(Zn?*)
coordination mode depends on the [Cu®*]([Zn?*]):[octare-
peat] concentration ratio. The model is in agreement with
the EPR results published by one of the authors (G.M.). Our
picture suggest a mechanism of cross-regulation between
Cu?* and Zn?* that is worth further investigating in other
biological systems, like for instance in the case of the Af-
peptides involved in the Alzheimer disease. A competition
mechanism of the kind we propose may represent an
additional general cell strategy for fine metal binding
regulation.
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Membrane permeabilization by purified soluble
p-enriched oligomers of prion protein
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The conversion of normal PrPC to its pathological isoform
PrPSC is a key event in prion diseases and is proposed to
occur at the cell surface or more probably in acidic late
endosomes. A convergence of evidence strongly suggests
that the early events leading to the structural conversion of
the PrP seem to be in relation with more or less stable
soluble oligomers, which could mediate neurotoxicity. As
commonly shared by other amyloidogenic proteins, mem-
brane-bound monomers undergo a series of lipid-dependent
conformational changes, leading to the formation of oligo-
mers of varying toxicity rich in S-sheet structures (annular
pores, amyloid fibrils). Here, we have used a combination of
biophysical techniques (Dynamic and Static Light Scatter-
ing, Fluorescence techniques, and Quartz Crystral
Microbalance) to elucidate the interaction of native mono-
meric PrP and that of purified f-rich oligomeric PrP on
model lipid membranes. Under well established conditions,
three f-sheet-rich oligomers were generated from the partial
unfolding of the monomer in solution, which were found to
form in parallel. From single mutation and/or truncation of
the full length PrP, the polymerization pathway is strongly
affected, revealing the high conformational diversity of PrP.
In our previous work, we identify the minimal region of the
PrP protein leading to the same polymerization pattern of
the full length PrP. Soluble 12-subunits and 36-subunits
oligomers were obtained depending on the single mutation
or truncation and purified. We compare their structural
properties (FTIR, CD) when associated with anionic lipid
bilayers and study their propensities to permeabilize the
membrane. Fluorescence kinetics suggest different mech-
anisms of membrane perturbation for the monomer and the
PrP oligomers. Deciphering this complex network of lipid
interactions and conformational diversity of the PrP protein
will help for understanding of how amyloidogenic proteins
induce neurotoxicity.
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Towards a dynamic vision of amyloid-membrane
assemblies
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The traditional view of the lipid bilayer described as a “sea” of
lipids where proteins may float freely, is going to be inade-
quate to describe the increasingly large number of complex
phenomena which are known to take place in biological
membranes. Membrane-assisted protein-protein interac-
tions, formation of lipid clusters, protein-induced variation of
the membrane shape, abnormal membrane permeabilities
and conformational transitions of membrane-embedded
proteins are only a few examples of the variegated ensemble
of events whose tightly regulated cross-talk is essential for
cell structure and function.

Experimental work on the above mentionated problems is
very difficult and some time not accessible, especially when
the studied systems have a fast dynamics.

Due to the large size of the systems usually involved in this
multifaceted framework, a detailed molecular description of
these phenomena is beyond the possibilities of conventional
Molecular Dynamics techniques. It is thus necessary to
approach new computational models on a mesoscopic scale
that if, on one hand, overlook atomistic details, allow to
capture phenomena that are thought to occur in spatial and
time scales far beyond what is normally sufficient to describe
small molecules. In this light we have endeavored in our lab
an extensive campaign focused on coarse grained (CG)
models of different lipid-protein assemblies. Simulations
have been performed by the GROMACS simulation package
and the standard MARTINI force field.

Several examples of lipid-protein assemblies involved in
some amyloidoses are presented with the aim of evidencing
the potential of this multiscale approach.
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Phytoalexins in prevention of amyloid aggregation
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Amyloid aggregation, a generic behavior of proteins, is
related to incurable human pathologies - amyloid-related
diseases, associated with formation of amyloid deposits in
the body. All types of amyloid aggregates possess rich f-
sheet structural motif. The recent data confirm the toxic effect
of aggregates on the cells, however, it was found that
reduction of amyloid aggregates plays important role in pre-
vention as well as therapy of amyloidosis. We have

investigated effect of phytoalexin derivatives on amyloid fi-
brillization of two proteins, human insulin and chicken egg
lysozyme, by ThT and ANS fluorescence assays. We have
found that amyloid aggregation of both studied proteins was
significantly inhibited by phytoalexin derivates cyclobrassinin
and benzocamalexin. For most effective phytoalexins the
estimated IC5g values were at low micromolar concentration.
The observed inhibiting activity was confirmed by transmis-
sion electron microscopy. Our data suggest the potential
therapeutic use of the most effective phytoalexins in the
reduction of amyloid aggregation.

(This work was supported within the projects VEGA 0079,
0155, CEX SAS Nanofluid, APVV-0171-10, SK-RO-0012-10
and ESF project 26220220005).
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Mechanistic insights into oligomeric
alpha-synuclein/membrane interactions
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The amyloid pore hypothesis suggests that interactions of
oligomeric alpha-synuclein (aS) with membranes play an
important role in Parkinson’s disease. Oligomers are
thought to permeabilize membranes and interfere with
Ca®* pathways. Permeabilization by aS requires the pres-
ence of negatively charged phospholipids. Whether aS can
bind and permeabilize membranes with physiologically
relevant lipid compositions has not been extensively
explored.

Here we report on the binding of aS to giant unilamellar
vesicles (GUVs) with physiologically relevant lipid compo-
sitions. Comparing different protocols of oligomer
preparation, leakage assays on both large unilamellar
vesicles (calcein release) and GUVs (HPTS efflux assay)
show that aS is not able to permeabilize these mem-
branes. The presence of cholesterol has a stabilizing effect
on these membrane systems. In agreement with these
findings, we do not observe concentration dependent aS
toxicity using in vivo MTS assays. However, in the calcein
release assay, different aS preparations show differences
in kinetics and aS concentrations that cause 100% leak-
age. These results motivate us to critically reassess the
amyloid pore hypothesis, and suggest that membrane
permeabilization may be attributable only to a very specific
as species.
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Alpha-synuclein oligomers impair membrane
integrity—a mechanistic view

Martin T. Stockl, Mireille M. A. E. Claessens,

Vinod Subramaniam

Nanobiophysics, MESA+ Institute for Nanotechnology,
University of Twente, Enschede, The Netherlands

One of the most prevalent neurodegenerative diseases is
Parkinson’s disease (PD), which is accompanied with the
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loss of dopaminergic neurons. Although the mechanisms
leading to the death of these cells are still unclear, the protein
alpha-synuclein (aS) is one of the pivotal factors. Previous
studies indicate that especially oligomeric forms of aS show
a detrimental effect on membrane integrity. As an intact
membrane is crucial to many cellular processes, the impair-
ment of the membrane integrity is a likely pathway for
neuronal death.

We use different phospholipid bilayer model systems to
investigate the mechanisms underlying this process. Atomic
force microscopy in combination with suspended asymmetric
phospholipid bilayers, which closely mimic the plasma
membrane, allows the identification of the binding sites, the
measurement of penetration depths of the aS oligomers into
the phospholipid bilayer, and the detection of membrane
thinning or creation of membrane defects. Using an approach
based on phospholipid vesicles we were able to observe for
the first time that aS oligomers cause an enhanced lipid-flip
flop. Suggesting that the loss of lipid asymmetry is a novel
mechanism which may contribute to or trigger neuronal
death in PD.
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Amyloid protein-membrane interactions and structure-
toxicity relationship study

H.P. Ta"; K. Berthelot?; B. Coulary-Salin?, B. Desbat";
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A better characterization of toxic amyloids would allow get-
ting better insights into neurodegenerative diseases. What
makes an amyloid toxic is, however, still unclear.

Our study aims to investigate the membrane interaction with
toxic and non-toxic amyloids. We used the Prion Forming
Domain PFD218-289 of the protein HET-s (WT) (Podospora
anserina) and its toxic mutant M8 (generated by PCR ran-
dom mutagenesis) as amyloid models. /n vitro, they exhibit
different fibril characterizations and secondary structures
(Berthelot et al. FASEB J. 2009, 23, 2254).

At first, the interactions between WT and M8 with different
charged phospholipid (DOPI, DOPG, DOPC, DOPS and
DOPE) monolayers were highlighted. Results indicated that
M8 (toxic) has a much higher and more specific effect on
negatively charged phospholipids (DOPS, DOPI and DOPG)
than in the case of WT (non-toxic). Therefore the insertion of
protein into phospholipid monolayers, which occurred simi-
larly for both WT and M8, is not a key factor for these effects
(H.P. Ta et al. Langmuir, in press).

We are now using unilamellar vesicles as a membrane
model to investigate the amyloid protein (toxic and non-
toxic) — phospholipid interactions. Results confirmed the
high specific and strong effects of M8 on negatively-charged
membrane.
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Investigations on alpha-synuclein pore forming
properties
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Alpha-synuclein (aS) is a natively unfolded protein widely
expressed in neurons at the presynaptic level, partially bound
to synaptic vesicles. It is linked to Parkinson’s disease (PD)
by two lines of evidence: aS amyloid fibrils accumulate in
patients’ brains and 4 genetic mutants cause autosomal
dominant forms of PD. The biological role of the protein and
the mechanisms involved in the pathogenesis of PD are still
unknown. Membrane binding of aS monomers causes the
acquisition of an amphipatic alpha-helix, which lies on the
surface without crossing the bilayer. Recent observations
reported that a pore-like activity of aS can be recorded upon
the application of a potential. This activity is characterized by
defined conductance levels with a determined fingerprint in
Planar Lipid Membrane (PLM) experiments. As several
studies found aS oligomers are the most toxic species in cell
cultures, we aim to use TIRF imaging and the PLM technique
to give more information about the pore activity of aS. Par-
ticular effort is put into understanding whether monomeric
and oligomeric aS share a similar mechanism for membrane
permeabilization and to find possible implications for the
ethiopatogenesis of PD. (Sponsored by Provincia Autonoma
di Trento, Marie Curie Action COFUND, project SingleSyn)
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Encapsulation and study of fibrillar networks

in nanocompartments

R. Urbani’, H. M. Evans?, T. Pfohl'?

Department of Chemistry, University Basel, Switzerland,
2Max Planck Institute for Dynamics and Self-Organization,
Géttingen, Germany

In this project, we study the chemical, physical and biological
properties of fibrillar networks. The formation and the network
mechanics are investigated by combining droplet-based mi-
crofluidics with optical microscopy and small angle x-ray
scattering (SAXS).

The chosen system, fibrin network formation, plays an
important role in blood coagulation processes. Crosslinking
of fibrinogen induced by an enzymatic reaction with thrombin
leads to 3D fibrin network formation.

The fibrillar networks are formed within picoliter droplets of
aqueous solutions in an continuous oil phase. Droplets
containing fibrinogen and thrombin can be produced of dif-
ferent sizes and stored for fibrin network formation. The
formation of the fibrillar networks is imaged by fluorescence
microscopy. To analyze the elastic properties of the net-
works, the droplets flow through a microchannel device of
alternating width in order to squeeze and stretch the
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networks. Additionally, SAXS experiments will give structural
information about the molecular dimensions of the networks.
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Biophysical consideration of gamma-secretase
modulation as potential target for Alzheimer’s disease
Annelies Vandersteen'?, Iryna Benilova®,

Wim Jonckheere?, Frederic Rousseau’-?,

Joost Schymkowitz'2, and Kerensa Broersen??

"Switch Laboratory, Flanders Institute for Biotechnology
(VIB), Brussels, Belgium, ?Vrije Universiteit Brussel (VUB),
Brussels, Belgium, SMIRA Institute for Biomedical
Technology and Technical Medicine, Universiteit Twente,
Enschede, The Netherlands, *IMEC Bioelectronic Systems
Group, Heverlee, Belgium

The amyloid beta peptide (Af), implicated in Alzheimer’s
disease (AD), is released from the Amyloid Precursor Pro-
tein (APP) by secretase-induced cleavage. This process
results in the release of a range of Af peptides varying in
length. The brains of AD patients often contain longer Af
peptides while the total concentration of Af is unaffected.
Longer peptides are more hydrophobic having far-reaching
consequences for their toxicity and aggregation. As Ap is
necessary for normal neuronal function, research activities
into AD therapeutic development currently explore the
possibilities of modulating y-secretase activity to produce
short Ap peptides. Whether such an approach effectively
ameliorates the toxic effect of Af has not been explored
yet. To answer this question, we studied the impact of
heterogeneity in A pools in an in vitro biophysical and in
cellulo context using MicroElectrode Array to assay the
synaptic activity of primary neurons. We show that various
lengths of the Af peptide and mixtures thereof aggregate
with distinct kinetics and notoriously affect synaptotoxic and
cytotoxic response. We also show that small amounts of
less abundant peptides A$38 and Ap43 induce aggregation
and toxicity of Ap40 while the behavior of Ap42 is
unaffected.

0-219

Microscopic analysis of protein oxidative damage: effect
of carbonylation on structure, dynamics

and aggregability of villin headpiece

Drazen Petrov and Bojan Zagrovic

Department of Structural and Computational Biology, Max F.
Perutz Laboratories, University of Vienna, Campus Vienna
Biocenter 5, Vienna, AT-1030, Austria

One of the most important irreversible oxidative modifications
of proteins is carbonylation, a process of introducing the car-
bonyl group in reaction with reactive oxygen species.
Importantly, carbonylation increases with the age of cells and is
associated with the formation of intracellular protein aggregates
and the pathogenesis of age-related disorders such as

neurodegenerative diseases and cancer. However, it is still
largely unclear how carbonylation affects protein structure,
dynamics and aggregability on the atomic level. Here, we use
classical molecular dynamics simulations to study structure
and dynamics of the carbonylated headpiece domain of villin, a
key actin-organizing protein. We perform an exhaustive set of
molecular dynamics simulations of native villin headpiece
together with every single combination containing carbonylated
versions of its seven lysine, arginine and proline residues, the
quantitatively most important carbonylable amino acids. Sur-
prisingly, our results suggest that high levels of carbonylation,
far above those associated with cell death in vivo, may be
required to destabilize and unfold protein structure through the
disruption of specific stabilizing elements, such as salt bridges
or proline kinks, or tampering with the hydrophobic effect. On
the other hand, by using thermodynamic integration and
molecular hydrophobicity potential approaches, we quantita-
tively show that carbonylation of hydrophilic lysine and arginine
residues is equivalent to introducing hydrophobic, charge-
neutral mutations in their place, and, by comparison with
experimental results, demonstrate that this by itself significantly
increases intrinsic aggregation propensity of both structured,
native proteins and their unfolded states. Finally, our results
provide a foundation for a novel experimental strategy to study
the effects of carbonylation on protein structure, dynamics and
aggregability using site-directed mutagenesis.
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Conformational and aggregation studies of Schistosoma
mansoni septins

A.E. Zeraik, A.P.U. Araujo, R. DeMarco

Sergio Mascarenhas Molecular Biophysics Group, Institute
of Physics of S&o Carlos, University of Sdo Paulo,

Séao Carlos, Brazil

Septins are an evolutionarily conserved family of GTP-bind-
ing proteins involved in important cellular processes, such as
cytokinesis and exocytosis, and have been implicated in
neurological diseases, such as Alzheimer’s and Parkinson’s
diseases. The focus of this study was two septins of Schis-
tosoma mansoni, (the causative agent of Schistosomiasis in
South America) named Smsept5 and Smsept10, which were
produced in a recombinant system. Our objective was to
verify if these septins from a simpler organism display similar
characteristics to human septins. Analysis of protein struc-
ture by Circular Dichroism showed that both recombinant
SmSeptins produced were folded. The GTPase activity
assay showed that Smsept5 was able to hydrolyze GTP,
whereas Smsept10 was not. Aggregation studies for amyloid
fibril detection by right angle light scattering and Thioflavin T
fluorescence assay were performed. Both proteins showed a
temperature dependent increase in light scattering and fluo-
rescence emission of ThT probe. This indicated that S.
mansoni septins tend to aggregate into amyloid-like fibers in
high temperatures, with thresholds of 30 °C for Smsept5 and
37 °C for Smsept10. These results are in accordance to that
previously reported for human septins.
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Efficacy of DNA repair mechanisms in lymphocytes
of melanoma patients as prognostic factor

of chemotherapy

D.N. Artamonov, V.A. Tronov. L.B. Gorbacheva
Institute of Biochemical Physics, Moscow, Russia

In our work we investigated the response to standard che-
motherapy of blood lymphocytes of patients suffering with
melanoma. DNA single and double strand breaks were
determined using comet assay; intracellular levels of marker
proteins were detected using immunocytochemistry. Ulti-
mately this set of parameters allows to characterize two
mechanisms of DNA repair (base excision repair, BER and
mismatch repair, MMR) which together with apoptosis
proneness underlie response of tumor cells to chemotherapy.
Cell death caused by O°mG adducts is promoted by MMR
system by inducing unrepaired double strand breaks in DNA.
There was a linear correlation between the level of dsDNA
breaks in lymphocytes after 1-st cycle of chemotherapy and
MMR efficiency in them.

The level of double strand breaks in DNA after 1-st cycle of
chemotherapy is predictive of clinical outcome. Otherwise
damage at the level of ssDNA (AP-sites and single strand
breaks) and BER mechanism associated with it couldn’t be a
good prognostic factor of chemotherapy. High level of double
strand breaks in DNA in blood lymphocytes of melanoma
patients 48 hours after 1-st cycle of chemotherapy appears to
be a marker of a good prognosis.

P-223

Self-assembly and stability of g-quadruplex: counter-
ions, pressure and temperature effects

E. Baldassarri Jr., P. Mariani, F. Spinozzi, M. G. Ortore
SAIFET Dept. & CNISM, Marche Polytechnic University,
Ancona, ltaly

The important role of G-Quadruplex in biological systems is
based on two main features: composition and stability of
telomeres, and activity of telomerase. The G-quadruplex
structures are formed by supramolecular organization of
basic units called G-quartets that are planar rings constituted
by four guanosines linked by Hoogsten hydrogen bonds.
GQuadruplex requires the presence of monovalent cations
playing a key role in stabilizing these structures, since they
give rise to coordination bonds needed for the stacking of
more tetrads. We performed X-ray diffraction experiments at
different pressures (ranging from 1 to 2000 bar), and small
angle X-ray scattering (SAXS) changing the temperature
(between 20-60°C). Diffraction results concerning samples
with an intermediate water content (50-40% H20) evidence
the presence of two phases (Cholesteric and Hexagonal
phase), while more concentrated samples (30-20% H20O)
present just the hexagonal phase. High-pressure experi-
ments provided the evidence that compression increases the
system disorder without phase transitions. Data obtained
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from SAXS measurements show that increasing concentra-
tion of KCI we obtain more stable and larger particles. Also
the temperature stability of the aggregates increases at
increasing counter-ions content.
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Nucleosome accessibility investigated using single
molecule fluorescence

Vera Béhm', Aaron Hieb?, Andrew Andrews?,

Katalin Toth', Karolin Luger?, Jérg Langowski’

"German Cancer Research Center, Heidelberg, Germany,
2Colorado State University, Fort Collins, USA

Nucleosomes are the smallest compaction unit of chromatin
in the cell nucleus. They consist of 150 bp DNA wrapped
around a protein core of two (H2A-H2B) histone dimers and a
(H3-H4)2 tetramer. DNA in nucleosomes is sterically occluded
and nucleosomes must open to allow full DNA access. We
studied this process using FCS and single molecule FRET.
Here we show evidence for a previously uncharacterized
intermediate structural state that preceeds histone dissocia-
tion, in which the distance between H2B and the nucleosomal
dyad is increased. Our data suggest that the first step in
nucleosome disassembly is the opening of the (H3-H4)2 tet-
ramer/(H2A-H2B) dimer interface, followed by H2A-H2B
dimer release from the DNA and, lastly, (H3-H4)2 tetramer
removal. We estimate that the open intermediate state is
populated at 0.2 - 3 % under physiological conditions, and
could have significant in vivo implications for factor-mediated
histone exchange, as well as for regulating DNA accessibility
to the transcription and replication machinery. Additionally,
histone variants and histone modifications could substantially
change the stability of the nucleosome. Our most recent
spFRET data indicate that such effects may occur both at the
level of DNA-histone and histone-histone interactions.
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Dissecting the role of coregulator exchange

and chromatin binding in retinoic acid receptor (RAR)
mobility by live cell FCS

Péter Brazda', Tibor Szekeres?, Balazs Bravics?,

Katalin Toth®, Laszlo Nagy'*™ and Gyérgy Vamosi®”
"Department of Biochemistry and Molecular Biology,Cell
Biology and Signaling Research Group of the Hungarian
Academy of Sciences, Department of Biophysics and Cell
Biology and “Apoptosis and Genomics Research Group
of the Hungarian Academy of Sciences; Medical and Health
Science Centre, Research Centre for Molecular Medicine,
University of Debrecen, Debrecen, Hungary Division
Biophysics of Macromolecules, German Cancer Research
Center, Heidelberg, Germany

*equal senior authors

Retinoic acid receptor (RAR) is a member of the nuclear
receptor superfamily. This ligand-inducible transcription factor
binds to DNA as a heterodimer with the retinoid X receptor
(RXR) in the nucleus. The nucleus is a dynamic compartment
and live-cell imaging techniques make it possible to investigate
transcription factor action in real-time. We studied the diffusion
of EGFP-RAR by fluorescence correlation spectroscopy (FCS)
in order to uncover the molecular interactions determining
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receptor mobility. In the absence of ligand we identified two
distinct species with different mobilities. The fast component
has a diffusion coefficient of D4 = 1.8-6 um?/s corresponding to
small oligomeric forms, whereas the slow component with D, =
0.06-0.12 um?/s corresponds to interactions of RAR with the
chromatin or other large structures. The RAR ligand binding
domain fragment also has a slow component probably as a
result of indirect DNA-binding via RXR, with lower affinity than
the intact RAR:RXR complex. Importantly, RAR-agonist treat-
ment shifts the equilibrium towards the slow population of the
wild type receptor, but without significantly changing the
mobility of either the fast or the slow population. By using a
series of mutant forms of the receptor with altered DNA- or
coregulator-binding capacity we found that the slow compo-
nent is probably related to chromatin binding, and that
coregulator exchange, specifically the binding of the coacti-
vator complex, is the main determinant contributing to the
redistribution of RAR during ligand activation.
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Compactization of DNA induced by sperm-specific
proteins of H1 family

Elena V. Chikhirzhina, Tatiana Ju. Rodionova'?,

Elena I. Kostyleva', Alexander M. Polyanichko'+?

"Institute of Cytology, RAS, Saint-Petersburg, Russia, 2Saint-
Petersburg State University, Saint-Petersburg, Russia
E-mail: chikhir@gmail.com

Formation of inactive nuclear with high level of DNA com-
paction in sperm cells is accompanied by a substitution of
linker histones H1 by a number of other proteins. Among
them sperm-specific histones (SSH), which are character-
ized by elongated arginine-rich polypeptide chain compared
to the somatic H1. The secondary and tertiary structure of the
SSH and their interactions with DNA were studied using
spectroscopic and thermodynamic approaches. The histones
were isolated from sperm of marine invertebrates and rat
thymus. All studied SSH demonstrate no considerable
compaction of DNA in solutions of low ionic strength. How-
ever, at physiological conditions, SSH H1 from S.infermedius
and A.japonica compact DNA more intensively than other
SSH. The somatic H1 from rat thymus revealed a minimal
ability to compact the DNA. We suggest that the SSH H1 are
able to interact with DNA not only in the major groove but
also in the minor groove of the double helix inducing con-
siderable structural changes in DNA and facilitating the
formation of the supercompact sperm chromatin.

The authors are grateful for the financial support from the
Russian Foundation for Basic Research (grants N 10-04-
00092 and 09-08-01119) and from Administration of Saint-
Petersburg.
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Investigation of radiation-induced damages in DNA
bases and secondary structure

O.A. Dommes, S.V. Paston

Saint Petersburg State University, Faculty of Physics,
St.-Petersburg, Russia

lonizing radiation causes modification and destruction of
nitrogenous bases in DNA molecule. There are also local

breakages of hydrogen bonds both in the lesion sites
mentioned above and in other sites of the macromolecule.
To reveal the amount of some of these damages we applied
CD and UV absorption spectroscopy. Radiation-induced
changes in DNA structure influence its UV absorption
spectrum in different ways: partial denaturation causes
hyperchromic effect, while destruction of the bases results
in hypochromic shift. At the same time both of them result in
the same changes in DNA CD spectra: the decrease in
intensity. We attempted to segregate the described dam-
ages in DNA structure and studied the influence of DNA
ionic surroundings on the radiation effect. It is shown that
the radiation efficiency of base destruction and partial
denaturation increases with decreasing concentration of
NaCl in irradiated solution. The substitution of a portion of
Na* ions on Mg?* with the total ionic strength remaining
constant (0.005 M) does not influence the radiation
efficiency.

This work is supported by the Russian Foundation for Basic
Research (project No 09-08-01119-a).

P-229

Udu and its homologs, Udu2 and Gon4l, may have
similar functions in DNA replication

Tzu-Min Chan', Kuo-Chang Chu', Chiaw-Hwee Lim?
and Yun-Jin Jiang*

"Division of Molecular and Genomic Medicine, National
Health Research Institutes, Miaoli County, Taiwan,

2L aboratory of Developmental Signalling and Patterning,
Genes and Development Division, Institute of Molecular
and Cell Biology, Singapore

Udu (Ugly duckling) has been first identified from a zeb-
rafish mutant and shown to play an essential role during
erythroid development; however, its roles in other cellular
processes remain largely unexplored. FACS analysis
showed that the loss of udu function resulted in defective
cell cycle progression and comet assay indicated the
presence of increased DNA damage in udu mutants. We
further showed that the extensive p53-dependent apoptosis
found in udu mutants is a consequence of activation in the
Atm-Chk2 pathway. Udu appears not to be required for
DNA repair, because both wild-type and udu embryos
similarly respond to and recover from UV treatment. Yeast
two-hybrid and coimmunoprecipitation data demonstrated
that PAH-L repeats and SANT-L domain of Udu interacts
with MCM3 and MCM4. Furthermore, Udu was colocalized
with BrdU and heterochromatin during DNA replication,
suggesting a role in maintaining genome integrity.
Recently, we started to work on the second zebrafish
homolog, Udu2, and its mammalian counterpart, Gon4l.
Preliminary data showed that udu2 and Gon4/ mRNA injec-
tion can rescue zebrafish wudu mutant phenotypes.
Furthermore, PAH-L and SANT-L domains of Udu2 and
Gon4l can bind to MCM3 and MCM4 and they are localized
in the nucleus. These data suggest that Udu2 and Gon4l are
functionally equivalent to zebrafish Udu. Their molecular
mechanism leading to udu phenotypes is currently under
investigation.
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Chromatin condensation: general polyelectrolyte
association and histone-tail specific folding

Nikolay Korolev, Nikolay Berezhnoy, Abdollah Allahverdi,
Renliang Yang, Chuan-Fa Liu, James P. Tam,

Lars Nordenskiold

School of Biological Sciences, Nanyang Technological
University, 60 Nanyang Drive, 637551, Singapore

The major component of chromatin, DNA, is adensely charged
polyanion. Electrostatic interactions between DNA and DNA-
packaging proteins contribute decisively to formation of its
elementary unit, the nucleosome, and are also important in
chromatin folding into higher-order structures. We investigate
condensation of DNA and chromatin and find that electro-
statics and polyelectrolyte character of DNA play dominant
role in both DNA and chromatin condensation. By compre-
hensive experimental studies and using novel oligocationic
ligands, we suggest simple universal equation describing DNA
condensation as a function of oligocation, DNA and monova-
lent salt concentrations and including the ligand-DNA binding
constant. We found that similar dependence was also
observed in condensation of the nucleosome arrays. Next, we
studied how general electrostatic and specific structural
alterations caused by lysine acetylations in the histone tails
influence formation of 30-nm chromatin fibre and inter-
molecular nucleosome array association. For the first time, a
structural model is suggested which explains critical depen-
dence of chromatin fibre folding on acetylation of the single
lysine at position 16 of the histone H4. Exceptional importance
of the H4 Lys 16 acetylation in general and gene specific
transcriptional activation has been known for many years but
no structural basis for this effect has yet been proposed.
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Lambda genetic switch sensitivity depends on complex
looping kinetics driven by nonspecific binding

Carlo Manzo'-3, Chiara Zurla'*, David Dunlap?,

Laura Finzi

"Physics Department and 2Cell Biology Department, Emory
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The kinetics of DNA loop formation and breakdown by the |
repressor protein (Cl) have been characterized at various
concentrations of protein using the tether particle motion
(TPM) technique and a novel method of analysis with
increased time resolution. Comparison of the kinetics of
looping in wild-type DNA or DNA with mutated operators,
showed that repressor bound at these sites may nucleate
adjacent ClI binding to further stabilize loops and broaden the
distribution of rate constants for loop formation and break-
down. The average activation energies were calculated from
the rate constant distributions and are consistent with a model
in which nonspecific binding of Cl along the segment between
the operators shortens their effective separation, thereby
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lowering the energy barrier for loop formation. The interplay of
this effect with the enhanced loop stability at increased CI
concentration is crucial for loop efficiency since it allows to
keep constant the frequency of transition from the looped to
the unlooped DNA conformation at varying Cl concentration.
Thus at increased Cl concentrations, although the loop
became more stable thermodynamically, it periodically opens
and thus remains sensitive to changing environmental con-
ditions which may require switching to lytic conditions.
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Surface-enhanced Raman scattering of genomic DNA
from apple leaf tissues
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of Physics, Kogalniceanu 1, RO-400084 Cluj-Napoca,
Romania, 3Institute of Biological Research, Republici. 48,
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Detection of specific DNA sequences is central to modern
molecular diagnostic. Ultrasensitive Raman measurements
of nucleic acids are possible through exploiting the effect of
surface-enhanced Raman scattering (SERS). In this work,
the SERS spectra of genomic DNAs from leaves of different
apple trees grown in the field, have been analyzed [1].

A detailed comparative analysis of SERS signatures of geno-
mic DNAs is given. SERS wavenumbers (cm™") are reported
here for all types of vibrations of plant genomic DNAs, including
bands assigned to localized vibrations of the purine and
pyrimidine residues, localized vibrations of the deoxyribose-
phosphate moiety, etc. Proposed band assignments are given.
A strong dependence of the SERS spectra on DNA con-
centration and on time have been observed.

In biochemical fields, nucleic acids might be used to explore
the interaction between DNA and small molecules, which is
important in connection with probing the accurate local
structure of DNA and with understanding the natural DNA-
mediated biological mechanisms [2].
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The pH-dependent structure of DNA studied by Fourier
Transform Infrared Spectroscopy

T.M. Partskhaladze, T.D. Mdzinarashvili, N.I. Shengelia

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

Fourier transform infrared (FT-IR) spectra of deoxyribonu-
cleic acid have been obtained and analyzed in the wide
range of pH (2.9-10.2) environmental conditions.
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The region of the infrared spectrum studied covered the
wave number range from 4000 cm~' to 700 cm~'. IR
spectra show that in pH 8.0-9.0 interval carbonyl (C=0)
band at 1689 ~'cm (assigned to guanine) is reduced in
intensity and slightly shifted to lower frequencies. At the pH
10.0 significantly decreases band intensity at 1712 cm™'
due to unbounded C2=0 of Thymine and shifts to lower
frequencies, indicating at the transition of this group in
bounded form, supposedly by means of excess polarized
hydroxyl ions. Together this, in basic region a new intense
absorption band has been observed in 1500-1300cm™"
frequency interval, corresponding to O-H group in-plane
bending vibration (1410-1310cm™").

As for acidic conditions, it was observed that under the
extreme pH (~ 2.8) value carbonyl absorption region shifts to
higher frequencies and absorption intensity significantly
increased, indicated at releasing of C=0O groups from
H-bonding between base pairs. Moreover, bands intensity at
1418cm~" and 1022cm~' corresponding to out-of-plan
deformation of NH, groups increased due to rupture of
connections between the DNA strands.
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Structural order in complexes of DNA with chromosomal
proteins HMGB1 and H1
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During the last decade it was found that in many cases
specific structural organization of multi-molecular protein
and DNA-protein complexes determines their functioning
in living cells. Although these functioning structures are
usually unique, it is often possible to identify their com-
mon structural elements. One of the interesting examples
of such universal elements are HMGB domains: struc-
turally conservative functional domains of non-histone
proteins HMGB1/2 also identified in many nuclear pro-
teins. Using AFM, thermodynamic approaches, circular
dichroism and molecular absorption spectroscopy in far-
UV and mid-IR regions we have studied structural orga-
nization of the complexes between DNA and different
proteins, including HMGB1, HMGB-domain recombinant
proteins and linker histone H1. We have demonstrated,
that interaction with DNA leads to increasing both «-he-
licity of the proteins and thermal stability of DNA. Also,
this interaction may result in formation of highly ordered
supramolecular complexes facilitated by HMGB-domains.
The C-terminal sequence of HMGB1/2 regulates affinity of
the proteins to DNA and can be “inactivated” by inter-
action with histone H1. Based on the data obtained a
model of the interaction of multy-domain HMGB-proteins
with DNA is suggested.
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DNA replication machinery clamps down on chromatin
mobility
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Chromatin in living cells displays considerable mobility on a
local scale. This movement is consistent with a constrained
diffusion model, in that individual loci execute multiple, random
jumps. To investigate the connection between local chromatin
diffusion (LCD) and the changes in nuclear organization, we
established a stable HeLa cell line expressing GFP-PCNA. This
protein, a core component of the replication machinery, serves
as a cell-cycle marker and allows us to visualize sites of ongoing
DNA synthesis within the nucleus. To monitor LCD, we labeled
discrete genomic loci through incorporation of Cy3-dUTP. This
experimental system, in conjunction with particle tracking
analysis, has enabled us to quantitatively measure chromatin
mobility throughout the cell cycle.

Our results demonstrate that LCD is significantly decreased in
S-phase. To explore the connection between DNA replication
and reduced chromatin movement, we undertook a more
detailed examination of LCD in S-phase nuclei, correlating
chromatin mobility with sites of replication. Our results demon-
strate that labeled chromatin in close proximity to GFP-PCNA
foci exhibit significantly decreased mobility. We therefore con-
clude that presence of active replication forks constrains the
movement of adjacent chromatin.
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Single-molecule studies of DNA replication
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Advances in optical imaging and molecular manipulation tech-
niques have made it possible to observe individual enzymes
and record molecular movies that provide new insight into their
dynamics and reaction mechanisms. In a biological context,
most of these enzymes function in concert with other enzymes
in multi-protein complexes, so an important future direction will
be the utilization of single-molecule techniques to unravel the
orchestration of large macromolecular assemblies.

We are applying a single-molecule approach to study DNA
replication. | will present recent results of single-molecule
studies of replication in bacterial and eukaryotic systems. By
combining the stretching of individual DNA molecules with
the fluorescence observation of individual proteins, we
visualize the dynamic interaction of replication factors with
the fork. In the bacteriophage T7 replication system, we show
that DNA polymerases dynamically associate with and dis-
sociate from the fork during replication. Further, | will present
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new data from single-molecule replication studies in X. laevis
oocyte extracts. We have developed a novel imaging
scheme that permits single-molecule fluorescence experi-
ments at concentrations of labeled protein that were hitherto
inaccessible. Using this method, we visualize, in real time,
origin firing and fork movement.
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In silico single molecule manipulation with rigid body
dynamics: an efficient tool for modeling the mechanical
properties of DNA-protein complexes
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Whereas Magnetic Tweezers (MT) and Optical Tweezers (OT)
provide a unique tool for probing the mechanical properties of
DNA-protein complexes, in particular those of nucleosomes,
they remain of litle help in characterizing chromatin fiber
structure. As a matter of fact, force-extension diagrams require
an underlying model for their interpretation.

We therefore have developed a new and powerful method for
manipulating chromatin fibers under MT or OT in silico. Our
algorithm is based on an open source library called ODE
(Open Dynamics Engine, http://www.ode.org/) with which we
have implemented a Langevin dynamics.

Force-extension diagrams of reference models of naked DNA
(freely jointed chain, wormlike chain) as well as extension-
rotation diagrams of naked DNA have been successfully
recovered. Of note, plectonemic structures are most efficiently
simulated thanks to ODE’s collision detection code.

New insights into nucleosome and chromatin fiber structure
and dynamics will be presented.
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The study of the pKM.101 plasmid effect on the repair
of DNA
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Hungary

In our experiments was studied the effect of pKM.101 plasmid
on repair of single strand breaks in DNA induced by 60Co-
gamma irradiation in E.coli K 12 AB 1157 (wild type) and its
different rec mutant cells. The pKM.101 resistant-factor in
case of the control decreases the sensitivity of radiation,
which as we suppose, is reached by the help of DNA con-
formation change. It can be supposed from the well known
effect of radiation biology that by the effect of pKM.101, the
ratio of DNA radiation sensitive volumes by appearing its new
conformation decreases. The pKM.101 R-factor in rec

@ Springer

mutants in case of gamma irradiation shows effects in two
ways. One is the “chemical” connection between the R-factor
and DNA, though the other relate to positive and negative
“induced” radiation resistance from the local type effect of the
connection of an R-factor and a rec mutant, and the two
radiation resistant effects are added algebraically. As a result
from the view of biology we have to categorize the radiation
resistance and the connected repair processes as two dif-
ferent classes according to the change either in the chemical
or in the induced radiation resistant effect.
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Dependence on membrane composition and amino acid
sequence of antimicrobial peptides activity. A molecular
dynamics simulation study

Jodo A. S. Aimeida,’ Margarida Bastos,? Luis M. S. Loura®
TChemistry Department, University of Evora, 7000-671
Evora, Portugal, ZChemistry Department, Faculty

of Sciences, University of Porto, 4169-007 Porto, Portugal,
SFaculty of Pharmacy, University of Coimbra, 3000-548
Coimbra, Portugal

E-mail: jasalmeida@qui.uc.pt

Important antimicrobial properties are recognized in several
peptides, for which the ability to interact and disrupt bacteria
membranes have been reported. However, different mecha-
nisms of action have been identified, suggesting that a
complex interplay of different factors are in the origin of such
behavior.

Recent studies have indicated that two trimethylated pep-
tides (K6, K7), derived from the parental hybrid peptide CA(1-
7)M(2-9), strongly interact with a bacterial membrane model
(mixture of zwitterionic and negatively charged lipids), but not
with a membrane model of mammalian erythrocytes (zwit-
terionic lipids) [1]. A reduction of the cytotoxicity effect and an
improvement of the therapeutic index have also been
reported for the derivatives when compared with the parental
CA(1-7)M(2-9) [2].

In this work, with the aim of providing insight on the interaction
phenomena of the indicated peptides with zwitterionic and
negatively charged membrane models, a systematic molec-
ular dynamics study was carried out. Full hydrated bilayers of
DMPC:DMPG (3:1) and POPE:POPG(3:1) were studied in
the presence of each peptide, and results analyzed in terms
of peptide structure and membrane composition.

Funding by FEDER (COMPETE program), and by FCT —
Fundacéo para a Ciéncia e a Tecnologia, project reference
FCOMP-01-0124-FEDER-010787 (FCT PTDC/QUI-QUI/
098198/2008) is acknowledged. J. A. S. Almeida gratefully
acknowledges FCTand the same Project for the research grant.

[1] J. Phys. Chem. B, (2010) 114, 16198-16208.
[2] J. Phys. Chem. B. (2005) 109, 17311-17219.
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Interlipid links in galactolipid and phospholipid bilayers.
A comparative molecular modeling study

Krzysztof Baczynski, Marta Pasenkiewicz-Gierula

Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Krakow, Poland

Lipid-water and lipid-lipid interactions at the membrane/water
interface play important role in maintaining the bilayer
structure, however, this region is not easily available for
experimental studies. We performed molecular dynamics
simulations of two bilayers composed of two different types of
lipids: (1) dioleoylphosphatidylcholine (DOPC); (2) galactoli-
pid monogalactosyldiacylglycerol (MGDG). To investigate the
properties of the membrane/water interface region, we per-
formed analysis of lipid-lipid interactions: direct, via charge
pairs (DOPC) and hydrogen bonds (MGDG) as well as
indirect, via water bridges. We also examined water-lipid
interactions. Existence of well-defined entities (lipids) linked
by different types of interactions (hydrogen bonds, charge
pairs, water bridges) makes the analysis of the membrane/
water interface region a suitable for a graph theoretical
description. We applied a network analysis approach for
comparative analysis of simulated systems. We note a
marked difference between the organization as well as the
dynamics of the interfacial region of the two bilayers.
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Ligand chirality effects the dynamics of human
3-phosphoglycerate kinase

Zoltan Palmai', David Perahia®, Corinne Lionne?,

Judit Fidy™*, Erika Balog", Laurent Chaloin®

"Department of Biophysics and Radiation Biology, Faculty
of Medicine, Semmelweis University, Budapest, Hungary,
2Institut de Biochimie et Biophysique Moléculaire et
Cellulaire, Université Paris-Sud, Orsay, France, SCentre
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Santé (CPBS), UMR 5236, CNRS - Université Montpellier
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France, “Research Group for Membrane Biology of HAS,
Budapest, Hungary

L-nucleoside analogues form an important class of antiviral
and anticancer drug candidates. To be pharmacologically
active, they need to be phosphorylated in multiple steps by
cellular kinases. Human phosphoglycerate kinase (hPGK)
was shown to exhibit low specificity for nucleotide diphos-
phate analogues and its catalytic efficiency in
phosphorylation was also affected. To elucidate the effect of
ligand chirality on dynamics and catalytic efficiency, molec-
ular dynamics simulations were performed on four different
nucleotides (D-/L-ADP and D-/L-CDP) in complex with
hPGK and 1,3-bisphospho-D-glycerate (bPG). The simula-
tion results confirm high affinity for the natural substrate (D-
ADP), while L-ADP shows only moderate affinity for hPGK.
The observed short residence time of both CDP enantiomers
at the active site suggests very weak binding affinity which
may result in poor catalytic efficiency shown for hPGK with
D-/L-CDP. Analysis of the simulations unravels important
dynamic conditions for efficient phosphorylation replacing
the single requirement of a tight binding.
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The electron correlation effects on the energy band
structures of double stranded DNA

Cristian Morari and Attila Bende

Molecular and Biomolecular Physics Department, National
Institute of R&D of Isotopic and Molecular Technology
(INCDTIM), Donath Street, No. 65-103, Cluj Napoca,
Romania

Using the van der Waals density functional based on the
semilocal exchange functional PW86 together with a long-
range component of the correlation energy [1] implemented
in the SIESTA program code, we have calculated the band
structure of the double stranded DNA. The unit cell was built
by taking together 10 GC (or AT) homogenous base pairs
and we have considered the translational symmetry as the
periodic boundary condition. The results obtained are com-
pared with the oligomer calculations taking up to seven base
pairs. The band structure obtained with this van der Waals
density functional is also compared with results obtained with
other exchange-correlation functionals as well as with band
structure obtained by the Hartree-Fock crystal-orbital method
taking into account the helical symmetry of the double
stranded DNA. The role of different parts of DNA (base pairs,
sugar-phosphate backbone, Na ions) is also presented.

[11 K. Lee, E. D. Murray, L. Kong, B. I. Lundgvist, D. C. Lang-
reth, Phys Rev B, 82:081101, (2010).
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Using low-resolution structural data to model structure,
function and motion in transmembrane proteins

Nir Ben-Tal

Department of Biochemistry & Molecular Biology, George S.
Wise Faculty of Life Sciences, Tel Aviv University, Israel 69978
Web: http://ashtoret.tau.ac.il

Email: bental@ashtoret.tau.ac.il; NirB@tauex.tau.ac.il

Transmembrane (TM) proteins comprise some 15% to 30% of
the proteome but owing to technical difficulties, relatively few
of these structures have been determined experimentally.
Computational modeling techniques can be used to provide
the essential structural data needed to shed light on structure-
function relationships in TM proteins. Low-resolution electron-
density maps, obtained from cryo-electron microscopy
(cryo-EM) or preliminary X-ray diffraction studies, can be used
to restrict the search in conformational space. At the right
resolution, the locations of TM helices can be roughly deter-
mined even when the amino acids are not visible. When these
data are combined with physicochemical characteristics of
amino acids (such as their hydrophobicity) and with evolu-
tionary conservation analysis of the protein family, the
location of the amino acids can be modeled. The model-
structure may provide molecular interpretations of the effects
of mutations. Moreover, it can be used to suggest molecular
mechanisms and to design new mutations to examine them.
The overall approach will be demonstrated using two human
proteins: copper transporter 1 (CTR1), which is the main
copper transporter in the human cell, and the 18 kDa trans-
locator protein (TSPO) of the outer mitochondria. Model-
structures of these proteins and their functional implications in
health and disease will be discussed.

@ Springer
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Mechanism of conductance and selectivity in a model
calcium channel from Monte Carlo simulations

Dezs6 Boda'-®, Tamas Kristof', Dirk Gillespie?, Bob
Eisenberg?, Douglas Henderson®, Wolfgang Nonner*
"Department of Physical Chemistry, University of Pannonia,
H-8201 Veszprém, P.O. Box 158, Hungary, °Department
of Molecular Biophysics and Physiology, Rush University
Medical Center, Chicago, USA, 3Depan‘ment of Chemistry
and Biochemistry, Brigham Young University, Provo, USA,
“Department of Physiology and Biophysics, Miller School
of Medicine, University of Miami, Miami, USA

Calcium channels play a crucial role in many physiological
functions and their selectivity mechanism is still an unre-
solved question and a subject of debate. A physical model
of selective “ion binding” in the L-type calcium channel is
constructed, and consequences of the model are compared
with experimental data. This reduced model treats only ions
and the carboxylate oxygens of the EEEE locus explicitly
and restricts interactions to hard-core repulsion and ion-ion
and ion-dielectric electrostatic forces. According to the
charge/space competition mechanism, the charge of
structural ions attracts cations into the filter, while excluded
volume effects are trying to keep them out. This is a
competition between energy and entropy, where the bal-
ance of these terms minimizes free energy and determines
selectivity. Experimental conditions involving binary mix-
tures of alkali and/or alkaline earth metal ions are
computed. The model pore rejects alkali metal ions in the
presence of biological concentrations of Ca2+ and predicts
the blockade of alkali metal ion currents by micromolar
Ca2+. Conductance patterns observed in varied mixtures
containing Na+ and Li+, or Ba2+ and Ca2+, are predicted.
Ca2+ is substantially more potent in blocking Na+ current
than Ba2+. In apparent contrast to experiments sing buf-
fered Ca2+ solutions, the predicted potency of Ca2+ in
blocking alkali metal ion currents depends on the species
and concentration of the alkali metal ion, as is expected if
these ions compete with Ca2+ for the pore. These exper-
iments depend on the problematic estimation of Ca2+
activity in solutions buffered for Ca2+ and pH in a varying
background of ulk salt. Equilibrium binding affinity
(expressed as the occupancy of the selectivity filter by
various ions) is computed by equilibrium grand canonical
Monte Carlo (GCMC) simulations. The conductivity of the
channel is estimated from the equilibrium concentration
profiles using the integrated Nernst-Planck equation. Our
simulations show that the selectivity of L-type calcium
channels can arise from an interplay of electrostatic and
hard-core repulsion forces among ions and a few crucial
channel atoms. The reduced system selects for the cation
that delivers the largest charge in the smallest ion volume.
We have also performed dynamic Monte Carlo (DMC)
simulations for a model Ca channel to simulate current
directly and present our results for the dynamical selectivity
(expressed as the flux carried by various ions). We show
that the binding affinity of Ca2+ versus Na+ is always
larger than the dynamical selectivity because Ca2+ ions
are tightly bound to the binding site of the selectivity filter of

@ Springer

the channel and, at the same time, their mobility and drift
velocity is smaller in this region.

1. D. Boda, M. Valisk'o, B. Eisenberg, W. Nonner, D.
Henderson, and D. Gillespie, J. Chem. Phys., 125,
034901 (2006).

2. D. Boda, M. Valisk'o, B. Eisenberg, W. Nonner, D.
Henderson, and D. Gillespie, Phys. Rev. Lett., 98,
168102, (2007).

3. D. Gillespie and D. Boda, Biophys. J., 95, 2658, (2008).

4. D. Boda, M. Valisk'o, D. Henderson, B. Eisenberg, D.
Gillespie, and W. Nonner. J. Gen. Physiol., 133, 497,
(2009).

5. G. Rutkai, D. Boda, and T. Krist'of, J. Phys. Chem. Lett.,
1, 2179, (2010).
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Italy and Dipartimento di Chimica, Ingegneria Chimica e
Materiali, Universita degli Studi dell’Aquila, Italy, 2LAMBE
UMR 8587 CNRS, Université d’Evry Val d’Essonne, 91025
Evry Cedex, France, 3Laboratoire de Spectrochimie
Infrarouge et Raman UMR CNRS 8516, Université de
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Supérieure, 24 rue Lhomond, 75005 Paris, France

Carotenoids are used in light-harvesting complexes with the
twofold aim to extend the spectral range of the antenna and
to avoid radiation damages. The effect of the polarity and
conformation of the environment is supposed to be respon-
sible for the tuning of the electronic, optical and vibrational
properties of peridinin carotenoid both in solution and in
protein matrix. We investigate the effect of vibrational prop-
erties of peridinin in different solvents by means of vibrational
spectroscopies and QM/MM molecular dynamics simula-
tions'. The shift of vibrational fingerprints in the 1500-2000
cm™" frequency region, due to the solvent polarity and pro-
ticity, is studied in three cases: cyclohexane (apolar/aprotic),
deuterated acetonitrile (polar/aprotic) and methanol (polar/
protic).

The frequencies and vibrational modes of the carbonyl, the
allene, and the polyene chain were identified using effective
normal mode analysis? and compared with the present and
previous experimental data®. On the basis of our calcula-
tions and experiments in different solvents, we propose a
classification of the four peridinins of the high-salt PCP
form.

[11 L. Guidoni et al., Quant. Struct.-Act. Relat. 21,119.
(2002)

[2] M. Martinez et al., J. Chem. Phys. 125, 144106. (2006)

[3] A. Mezzetti et al., Spectroscopy: Int. J., 22, 235. (2008)
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Adsorbtion of cysteine on gold (111) surfaces:

a DFT study
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E-mail: iarinca@itim-cj.ro

The controlled self-assembly of functional molecular species
on well defined surfaces is a promising approach toward
the design of nanoscale architectures. By using this meth-
odology, regular low-dimensional systems such as
supramolecular clusters, chains, or nanoporous arrays can
be fabricated. Small biological molecules such as amino
acids represent an important class of building blocks that are
of interest for molecular architectonic on surfaces because
they inherently qualify for molecular recognition and self-
assembly [1]. The interaction between amino acids and solid
surfaces is decisive for the development of bioanalytical
devices or biocompatible materials as well as for a funda-
mental understanding of protein-surface bonding.

We investigate the adsorbtion mechanism of the cysteine on
Au(111) surfaces by means of the DFT [2]. Our main concem is to
describe the molecule-metal bonding mechanism. Therefore we
present a complex study, including the full determination of the
density of states for the free and adsorbed molecule, the deter-
mination of molecule-surface bonding energy. The method of
crystal orbital overlap populations is used in order to determine the
contribution of specific atomic orbitals to the molecule-metal bond.

[1] Barlow SM, Raval R (2003) Surf Sci Rep 50:201-341.

[2] Soler JM, Artacho E, Gale JD, Garcia A, Junquera P,
Ordejon P, Sanchez-Portal D (2002) J Phys Cond Mat
14(11):2745-2779.

P-251

Human myoglobins: paradigm of structure-function
relation

M. A. Scorciapino, M. Casu, E. Spiga, M. Ceccarelli
Department of Physics and Department of Chemistry,
University of Cagliari, Cagliari, Italy

Itis now widely accepted that myoglobin (Mb)is not simply an O,
storage/delivery system but, depending on oxygen concentra-
tion, it exerts other fundamental physiological roles. Recent
studies revealed a widespread expression and, in particular, an
over-expression in response to hypoxia, in various non-muscle
tissues, including tumor cells. In Human five different Mb iso-
forms are present. The two most expressed (> 90%) differ only
at the 54™ position, K54 (Mb-1) and E54 (Mb-Il) respectively.
Since high-altitude natives from Tibet are characterized by a
higher Mb concentration and locomotion efficiency, together
with the observation that the Mb overexpression is totally
attributable to Mb-Il, the idea that the latter might be one of the
responses to high-altitude evolutionary adaptation, i.e. hypoxic
environment, started to emerge. However, this is not yet sup-
ported by any structure/function investigation.

We performed hundred nanoseconds MD simulations on
human Mbs to investigate the structure and dynamics of both
protein and surface water. Important differences have been

found at the histidine gate region, suggesting that the two
more expressed human myoglobins might have a distinct
and complementary role. While 'H and '**Xe nmR experi-
ments do not show structural/dynamical differences, or not
on longer time-scale than those offered by MD simulations,
EPR experiments pointed out a different affinity of the two
isoforms for NO, thus confirming a potential diverse role as
predicted by simulations.

R. Anedda et al. J. Phys. Chem. B, 112: 15856, 2008; M.
A. Scorciapino et al. J. Am. Chem. Soc., 131, 11825, 2009; M.
A. Scorciapino et al. J. Am. Chem. Soc. 132, 5156-5163, 2010;
M. A. Scorciapino et al., Submitted; Gussoni et al., Submitted.
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mutations: a computational multi-approach study
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Protein kinases play key roles in cell signaling and constitute
crucial therapeutic targets. In normal cell, upon substrate bind-
ing, tyrosine kinase receptor KIT undergoes extensive structural
rearrangement leading to receptor dimerization and activation.
This process is initiated by the departure of the juxta membrane
region (JMR) from the active site, allowing the activation loop (A-
loop) deployment. The deregulation of KIT activity is associated
with various forms of cancer provoked by abnormalities in signal
transduction pathways. Mutations V560G (JMR) and D816H/V
(A-loop) have been reported as oncogenic and/or drug-resistant.
To contribute further in the understanding of KIT activation/
deactivation mechanisms, we applied a multi-approach protocol
combining molecular dynamics (MD), normal modes analysis
(NMA) and pocket detection. Disturbing structural effects, both
local (A-loop) and long-range (JMR), were evidenced for KIT
D816H/V in the inactive state. nmA showed that JMR is able to
departits position more easily in the mutants thanin the wild type.
Pockets analysis revealed that this detachment is sufficient to
open an access to the ATP binding site. Our results provided a
plausible conception of mutant dimerization and a way to explore
putative allosteric binding sites.
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Transmembrane association of leukocyte integrin
heterodimer might be mediated by a polar interaction
Choon-Peng Chng' and Suet-Mien Tan?

"Biophysics Group, A*STAR Institute of High Performance
Computing, and, 2School of Biological Sciences, Nanyang
Technological University, Republic of Singapore

The lateral association of transmembrane (TM) helices is
important to the folding of membrane proteins as well as a
means for signaling across the cell membrane. For integrin, a
hetero-dimeric protein important for cell adhesion and
migration, the association of its a- and f-subunits’ TM helices
plays a key role in mediating bi-directional mechanical sig-
naling across the membrane. We found evidence from
experiment and simulation for a polar interaction (hydrogen-
bond) across leukocyte integrin oL 2 TM that is absent in the
better-studied platelet integrin allb33 [1]. Our coarse-grained

@ Springer
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molecular dynamics simulations of TM helix-helix self-
assembly showed more native-like packing achieved by
oL 2 within the simulation timescale as compared to its ‘loss-
of-function’ f2T686G mutant or «llb3 [2]. Association free
energy profiles also showed a deeper minimum at a smaller
helix-helix separation for oL 2, suggestive of tighter packing.
The likely conservation of this polar interaction across the 2
integrin family further reinforces its importance to the proper
functioning of leukocyte integrins.

1. Vararattanavech, C-P. Chng, K. Parthasarathy, X-Y.
Tang, J. Torres and S-M. Tan. J. Mol. Biol. 38:569-83,
2010.

2. C-P. Chng and S-M. Tan. Proteins, 2011. Accepted.
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Meropenem vs. Imipenem interacting with MexB:
structural and dynamical determinants of the efflux
action on two substrates
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IOM, Unita SLACS, S.P. Monserrato-Sestu Km 0.700,
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Active extrusion of drugs through efflux pumps constitutes
one of the main mechanisms of multidrug resistance in cells.
In recent years, large efforts have been devoted to the bio-
chemical and structural characterization of RND efflux
pumps in Gram-negative bacteria, in particular the AcrB/A-
TolC system of E.Coli. Specific attention has been addressed
to the active part of the efflux system, constituted by the AcrB
unit. Despite the presence of several data, crucial questions
concerning its functioning are still open. The understanding
of the structure-dynamics-function relationship of MexB, the
analogous transporter in P. Aeruginosa, encounters even
more difficulties, because of the lack of structural data of the
transporter in complex with substrates. To shade some light
on the activity of MexB, we performed computational studies
on MexB interacting with two compounds, meropenem and
imipenem, the first known to be a good substrate, and the
second a modest one. Several techniques were used in the
present work, ranging from flexible docking [1] to standard
and targeted molecular dynamics (MD) simulations. Starting
from the published crystal structure [2] we identified the most
probable poses of the two compounds in both the original
experimental and in the MD-equilibrated structures. We used
information from AcrB binding pocket in order to find relevant
binding sites of the two compounds in the analogous binding
pocket of MexB.

Meropenem frequently lies with appropriate orientation in a
pocket similar to the one identified for doxorubicin in AcrB [3],
while the occurrence of imipenem poses in the same pocket
is very scarce. Additionally, when present in the pocket,
imipenem is located in a position that renders very unlikely its
extrusion toward the OprM docking domain during the sim-
ulation of the functional peristalsis. The analysis of the
trajectories has provided a complete inventory of the
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transporter and antibiotic hot spots, which is key information
in terms of screening and design of antibiotics and inhibitors.

[1] Zacharias M., Protein Sci 2003, 12, 1271-82.
[2] Sennhauser G., et al., J Mol Biol 2009, 389, 134-145.
[3] Murakami S., et al., Nature 2006, 443, 173-9.
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Simulations of clathrin self-assembly into polyhedral
cages
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P.O. Box 217, 7500 AE Enschede, The Netherlands

Clathrins are three-legged proteins with the intriguing ability to
self-assemble into a wide variety of polyhedral cages. The
nucleation and growth of a clathrin lattice against the cytosolic
face of a cell membrane enables the endocytosis of membrane
proteins and various external molecules, by wrapping the
membrane around the cargo to produce a coated transport
vesicle within the cell. Clathrins can also self-assemble, in
slightly acidic solutions devoid of auxiliary proteins, into empty
cages. Our simulations of this process, using a highly coarse-
grained model, indicate that the key to self-assembly is neither
calthrin’s characteristic puckered ftriskelion shape, nor the
alignment of four legs along all cage edges, but an asymmetric
distribution of interaction sites around the leg’s circumference.
Based on the critical assembly concentration, the binding
strength in these cages is estimated at 25 to 40 kg T per clathrin.
The simulations also answer the long-standing conundrum of
how flat patches of purely hexagonal clathrin lattices, which in
cryo electron microscopy are frequently seen to decorate cell
membranes, can produce highly curved cages containing twelve
pentagonal faces interdispersed between hexagonal faces. We
present experimental evidence supporting this pathway.
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In eukaryotic cells, the exchange of macromolecules
between the cytoplasm and the nucleus is mediated by
specialized transport factors. By binding to these transport-
ers, cargo molecules, which are otherwise excluded from
entering the nucleus, can traverse the nuclear pore complex
efficiently. Most of the proteins mediating nuclear import and
export exhibit a characteristic _-solenoid fold, which provides
them with an unusual intrinsic flexibility. CRM1 is an essential
nuclear export receptor, which recognizes a very broad range



Computational biophysics and simulation

S$105

of export cargoes. CRM1-dependent nuclear export is Ran-
GTPase-driven, and recognition of RanGTP and cargo is
highly cooperative. However, recent crystal structures show
that the binding sites for export cargos and RanGTP are
located at distant parts of CRM1 [1-3]. We have used a
combined approach of all-atom molecular dynamics simula-
tions and small-angle X-ray scattering to study RanGTP and
cargo binding to CRM1. We have found that the allosteric
effect in CRM1-dependent nuclear export arises from a
combination of subtle structural rearrangements and chan-
ges in the dynamic properties of CRM1.

[1] Monecke, T.; G uttler, T.; Neumann, P.; Dickmanns, A.;
G orlich, D. & Ficner, R. Science 2009, 324, 1087-1091.

[2] Dong, X.; Biswas, A,; 8 uel, K. E.; Jackson, L. K.;
Martinez, R.; Gu, H. & Chook, Y. M. Nature 2009, 458,
1136-1141.

[3] Koyama, M. & Matsuura, Y. EMBO J. 2010, 29, 2002-13.
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Light-induced phototactic responds in green algae Chlamydo-
monas reinhardtii are mediated via microbial-type rhodopsins,
termed Channelrhodopsin-1 (ChR1) and Channelrhodopsin-2
(ChR2)1, which carry the chromophore retinal covalently linked
tolysin via a Schiff base and were shown to be directly light-gated
ion-channels2. The N-terminal putative seven-transmembrane
region of ChR2 was shown to be responsible for the generation of
photocurrents and exhibits sequence similarity to the well
understood proton pump bacteriorhodopsin (BR) and the sen-
sory rhodopsin Anabaena sensory rhodopsin (ASR)3. As for the
majority of membrane proteins, there is no 3D-structural data for
ChR2 available yet. Here we present homology models of ChR2
using two high-resolution X-ray template structures of BR
(1QHJ4) respectively ASR (1XIO5) in order to get structural and
functional insights into ChR2. With both homology models we
performed molecular dynamics (MD) simulations in a native
membrane/solvent environment using GROMACS 4.0.36.
Comparison of energetic and structural results revealed obvious
advantages of the BR-based homology model of ChR2. Here we
show that the BR-based homology model is a reliable model of
ChR2 exhibiting structural features already found experimen-
tally7. Our BR-based homology model of ChR2 allows
predictions of putative crucial residues within ChR2. So we pro-
posed several mutations within the ChR2 sequence which are
already accomplished. Electrophysiologic and spectroscopic
studies of these mutations are underway in order to confirm the
functional relevance of these residues and to contribute to an
optimized usage of ChR2 as a powerful tool in optogenetics.

(1) Sineshchekov O. et al. Two rhodopsins mediate photo-
taxis to low- and high-intensity light in Chlamydomonas
reinhardtii, PNAS, 99, 8689-94 (2002)

(2) Nagel G. et al. Channelrhodopsin-2, a directly light-
gated cation-selective membrane channel, PNAS, 100,
13940-45 (2003)

(3) Nagel G. et al. Channelrhodopsins: directly light-gated
cation channels, Biochem. Soc. Trans, 33, 863-66 (2005)

(4) Belrhali H. et al. Protein, lipid and water organization in
bacteriorhodopsin crystals: a molecular view of the purple
membran at 1,9 L resolution, Structure, 7, 909-17 (1999)

(5) Vogeley L. et al. Anabaena sensory rhodopsin: A photo-
chromic color sensor at2.0 L, Science 306, 1390-3 (2004)

(6) Hess B. et al. GROMACS 4: Algorithms for highly
efficient, load-balanced and scalable molecular simula-
tion, J.Chem.

(7) Nack M. et al. The DC-gate in Channelrhodopsin-2:
crucial hydrogen bonding interaction between C128 and
D156, Photochem. Photobiol. Sci. 9, 194-8 (2010)
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Cooperativity in a multidomain protein

Marta Enciso, Gaél Radou, Sergei Krivov and

Emanuele Paci

Institute of Molecular and Cellular Biology, Faculty of Biological
Sciences, University of Leeds, UK

Cooperativity is an important feature in the folding of most
proteins. Recently, in a two domain protein such as T4 lyso-
zyme the interdomain cooperativity has been precisely
quantified at single molecule level. Such cooperativity has
been shown to be dramatically attenuated in a circular per-
mutant which folds to the same native structure. In this paper
we exploit this single molecule measurement of cooperativity
and a simple molecular model to infer the relationship
between the interdomain cooperativity, chain connectivity and
free energy landscapes. In particular we show that both
species have an onpathway intermediate where one of the
domains is completely formed. The change in cooperativity
can be ascribed to a change in the rate limiting step for fold-
ing. This occurs before the intermediate in the wild type and
after in the circular permutant. We suggest that the evolution
of discontinuous subdomains may have been facilitated
through the exploitation of features of the free energy land-
scape of an ancestor with continuous subdomains.

P-260

Flash photolysis experiments and molecular dynamics
simulation of ligand binding to neuroglobin

Zofia Gasik', Stefania Abbruzzetti?, Stefano Bruno?, Sylvia
Dewilde®, Jan Antosiewicz' and Cristiano Viappiani®
"University of Warsaw, Warsaw, Poland, 2University

of Parma, Parma, lItaly, 3University of Antwerp, Antwerp,

Belgium

Neuroglobin is a recently discovered globin protein pre-
dominantly expressed in brain. Its biological function is still
elusive. Despite the fact that neuroglobin shares very little
sequence homology to the well- known globins as mioglobin
and hemoglobin, they all have a characteristic globin fold with
HEME molecule bound to the distal pocket. The structural
investigations and CO binding kinetics revealed existence of
cavities and tunnels within the protein matrix, where small
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ligands can be stored even for hundreds of microseconds [1].
In human neuroglobin there is one internal disulfide bond
possible which existence is proved to have significant effect
on ligand affinity [2]. In this study effects of temperature, pH,
distal histidine mutation and presence of disulfide bond on
CO rebinding to neuroglobin are investigated by flash pho-
tolysis experiments. In parallel, the molecular dynamics
simulations are performed in corresponding conditions in
order to investigate structural change of neuroglobin and
especially changes in distribution of internal tunnels and
cavities able to bind diatomic ligands in response to different
physical conditions listed above.

1. Abbruzzetti PNAS, 2009,
18984-18989

2. Hamdane et al., J. Biol. Chem., 2003, 278, No.51,
51713-51721

et al, 106, No. 45,
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Ligand Entry Pathways in PPARy Explored Using
Targeted Molecular Dynamics Simulations

Samia Aci-Séche, Monique Genest, Norbert Garnier
Centre de Biophysique Moléculaire, UPR 4301, CNRS, rue
Charles Sadron, 45071 Orléans Cedex 02, affiliated

to the University of Orléans, France

Computational methods based on molecular dynamics (MD)
simulations suite very well for objective exploration of pos-
sible ligand entry/exit pathways from protein Ligand Binding
Domains (LBDs). Identifying ligand entry/exit routes provides
fundamental understanding of protein function and adds
substantial information to rational drug design process.

In this area of active research, we focus on PPARs family of
nuclear receptors that emerged as therapeutic targets.
Agonists have established therapeutics benefits in treating
diabetes and cardiovascular diseases.

In this work, we explore possible ligand entry pathways of
GWO0072, a PPARy modulator that appears to function as an
insulin sensitizer, by using Targeted Molecular Dynamics
(TMD) simulations. Starting from the apo-form of PPARy with
GWO0072 distal from probable exit gates, TMD simulations
converge successfully towards the targeted holo-form of the
complex. The simulation results showed that i) entrance
paths depend on the protonation state of the ligand; ii) ligand
approach suggests that hydrophobic interactions guide the
penetration process iii) the routes for ligand access to the
binding site closely superimpose the most probable ligand
exit pathway described in our previous studies
(Genest & al. Eur Biophys J 2008).
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Molecular recognition at atomic level: interaction
of autism related protein MCP-1 with an antibody
Anna Gogolinska'?, Wieslaw Nowak'
Faculty of Physics, Astronomy and Informatics, Nicolaus
Copernicus University, Torun, Poland, *Faculty
of Mathematics and Computer Science, Nicolaus Copernicus
University, Torun, Poland

Autism is often related to infections of autistic children’s
mothers during pregnancy. The higher activity of the immune
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system perturbs developing brain and may result in this
disorder. It has been found that Monocyte Chemoattractant
Protein (MCP-1) levels in brains of autistic children are ele-
vated. Interactions of chemokine MCP-1 with antibodies are
important for diagnosis and possible treatment . We present
results of classical Molecular Dynamics (MD) studies of
MCP-1 complex with a murine Fab antibody fragment [1].
Regions important for molecular recognition (MR) are
described and their dynamics is critically analyzed. The
process of MCP-1 binding/dissociation is modeled on all-
atoms level using the steered MD method by adding a virtual
force to increase probability of rare transition in antibody-
antigen complexes. The detailed path of MCP-1- antibody
MR is analyzed. The interaction mechanism is compared to
IgE-grass Phl p2 allergen recognition process studied earlier.
These results should help to interpret AFM experiments
exploiting lateral force microscopy — a promising technique
for MR tracking and medical diagnosis [2].

ACKN: Supported in part by MNiSZW grant no. N519 578138

[1] C. Reid et al. Prot Eng 19 (2006) 317
[2] M. Lekka et al. J Chem Phys 123 (2005) 014702
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Atomistic simulation of single molecule fluorescence
experiments: FRET beyond x?=2/3

Martin Hoefling", Nicola Lima®, Dominik Haenni2, Claus A.M.
Seidel®, Benjamin Schuler?, Helmut Grubmuller’

"Max Planck Institute for Biophysical Chemistry, Géttingen,
Germany, 2University of Zurich, Zurich, Switzerland,
SHeinrich Heine University, Diisseldorf, Germany

Forster Resonance Energy Transfer (FRET) experiments
probe molecular distances via distance dependent energy
transfer from an excited donor dye to an acceptor dye.
Single molecule experiments not only probe average dis-
tances, but also distance distributions or even fluctuations,
and thus provide a powerful tool to study biomolecular
structure and dynamics. However, the measured energy
transfer efficiency depends not only on the distance
between the dyes, but also on their mutual orientation, which
is typically inaccessible to experiments. Thus, assumptions
on the orientation distributions and averages are usually
made, limiting the accuracy of the distance distributions
extracted from FRET experiments. Here, we demonstrate
that by combining FRET experiments with the mutual dye
orientation statistics obtained from Molecular Dynamics
(MD) simulations, improved estimates of distances and
distributions are obtained. From the simulated time-depen-
dent mutual orientations, FRET efficiencies are calculated
and the full statistics of individual photon absorption, FRET
transfer, and photon emission events is obtained from sub-
sequent Monte Carlo (MC) simulations of the FRET transfer
kinetics. All recorded emission events are collected to bursts
from which efficiency distributions are calculated in close
resemblance to the actual FRET experiment, taking shot
noise fully into account. Using polyproline chains with
attached Alexa 488 and Alexa 594 dyes as a test system,
we demonstrate the feasibility of this approach by direct
comparison to experimental data. We identified cis-isomers
and different static local environments as sources of the
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experimentally observed heterogeneity. Reconstructions of
distance distributions from experimental data at different
levels of theory demonstrate how the respective underlying
assumptions and approximations affect the obtained accu-
racy. Our results show that dye fluctuations obtained from
MD simulations, combined with MCsingle photon kinetics,
provide a versatile tool to improve the accuracy of distance
distributions that can be extracted from measured single
molecule FRET efficiencies.
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Molecular Simulations of Thrombospondin’s C-Terminal
Region

T. Haschka'-, C. Etchebest’, E. Henon?, L. Martiny?,

M. Dauchez®

"Inserm UMRS 665 - Laboratoire Dynamique des Structures
et Interactions des Macromolécules Biologiques (DSIMB) 6,
rue Alexandre Cabanel, 75739 Paris Cedex 15, France,
2Institut de chimie moléculaire de Reims, CNRS UMR 6229
Université de Reims Champagne-Ardennes, Pdle Sciences,
Moulin de la Housse - BP1039, 51687 Reims Cedex 2,
France, 3SiRMa Laboratory CNRS UMR6237 - Matrice
Extracellulaire et Dynamique Cellulaire (MEDyC) Universite
de Reims Champagne-Ardennes, Pdle Sciences, Moulin de
la Housse - BP1039, 51687 Reims Cedex 2, France

The thrombospondin family, being extracelluar proteins, is
known to be implicated in various physiological processes
such as wound healing, inflammation, angiogenesis and
neoplasia. The signature domain of thrombospondins shows
high sequence identities and thus allows us to transfer
results obtained, studying this complex calcium reach part of
the proteins, from one member of the family to the other. The
domain is known to play a key role in hereditary diseases
such as PSACH or MED. In this part of thrombospondins lies
a binding site to integrins, important for cell attachment. It is
further known that the lectin like globe binds to CD-47, a
feature known to be important in cancer research. As the
theoretical unit we are trying to resolve these problems by
numerical means and are constantly challenged by the size,
where thrombospondin can be a huge trimeric protein as one
strand can measure 430 kDa, and the large variety of sub-
domains found in this proteins. We are thus facing a
multiscale problem which can range from solving, by means
of quantum mechanics a specific ion binding site, to large
scale abstraction by continuum mechanics. In our talk we will
show you our newest results that we obtained by simulating
calcium rich C-terminal domain which is known to be con-
served across the entire family, and give you an outlook into
the future of our research.

http://upload....28logo%29.svg 6/7/10 2:38 PM Page 1 of 3
http://upload.wikimedia.org/wikipedia/fr/0/0f/
CNRS_fr_quadri.

Corresponding Bibliography:

C. B. Carlson, J. Lawler and D. F. Mosher: Structures of
thrombospondins (Cell. Mol. Life Sci. 65, 672-686, 2008)

D. S. Annis, K. A. Gunderson and D. F. Mosher: Immuno-
chemical Analysis of the Structure of the Signature Domains
of Thrombospondin-1 and Thrombospondin-2 in Low

Calcium Concentrations (Journal of Bio. Chem., 282, 37,
27067-27075, 2007)

M. D. Briggs and K. L. Chapman: Pseudoachondroplasia and
Multiple Epiphyseal Dysplasia: Mutation Review, Molecular
Interactions, and Genotype to Phenotype Correlations
(Human Mutation, 19, 465-478, 2002)

M. Kavansakul,J. C. Adams and E. Hohenester: Structure of
a thrombospondin C- terminal fragment reveals a novel cal-
cium core in the type 3 repeats (EMBO Journal, 23,
1223-1233, 2004)

C. B. Carlson, D. A. Bernstein, D. S. Annis, T. M. Misenhei-
mer, B. A. Hannah, D. F. Mosher and J. L. Keck: Structure of
the calcium-rich signature domain of human thrombospon-
din-2 (Nature Struc. Mol. Bio., 12, 10, 910-914, 2005)

N. Floquet, S. Dedieu, L. Martiny, M. Dauchez, D. Perahia:
Human thrombospondin (TSP-1) C-terminal domain opens
to interact with the CD-47 receptor: A molecular modeling
study (Archives of Biochemistry and Biophysics 478,
103-109, 2008)

P-266

MD-based Modeling of Swift Heavy lon Beam
Nanostructuring of Dielectrics

D.S. lvanov and W. Shultz

Institute of Laser Technique Fraunhofer, Aachen, Germany

The process of swift heavy ions energy deposition while
penetrating a solid or scattering on its surface can result in a
strong and nonequilibrium excitation of matter. An extremely
localized character of this excitation, meanwhile, can make
possible both selective changes in chemistry of matter' and
its surface nanomodifications®. Since possible applications
have been found in Bio- and IT- technologies (cancer curing
and nanostructuring respectively) in the last decade, the
heavy ion bombardment technique has attracted a lot of
scientific interest®*. The processes of fast energy deposition
into the solid and its further dissipation, however, are
essentially perturbed with highly excited and nonequilibrium
state of both lattice and electron systems. At such conditions
therefore, the precision in treatment of processes of electron
thermalization, fast electron heat conduction, and phase
transformation of the overheated solid becomes crucial.
Having several physical models to handle the mentioned
processes, it is nevertheless difficult to describe all of them
within a scale of a single computational approach. Our work
is aimed on elaboration of the atomistic-continuum model® of
heavy ion bombardment of solids. In particular, the model will
be applied to study the formation of nanohillocks in the
experiments on swift heavy ion Xe* scattering on SrTiOs
surface?.
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Transport properties of the human aquaporin HsAQP5
Lorant Janosi and Matteo Ceccarelli

University of Cagliari, Cagliari, Italy

Aquaporins are protein channels located across the cell
membrane with the role of conducting water or other small
sugar alcohol molecules (aquaglyceroporins). The presence
of the human aquaporin 5 (HsAQP5) in cells proximal to air-
interacting surfaces (eyes, lacrimal glands, salivary glands,
lungs, stomach etc.) suggest its potentially important role in
“wetting” these surfaces. The high-resolution X-ray structure
of the HsAQP5 tetramer (PDB code 3D9S) exhibits two
important features: (i) lack of the four fold symmetry, common
in most of the aquaporins, and (ii) occlusion of the central
pore by a phosphatidylserine lipid tail. In this study we
investigate the importance of these two features on the
transport properties of the human AQP5 by means of
molecular dynamics simulations. We found that the asym-
metry in the tetramer leads to a distribution of monomeric
channel structures characterized by different free energy
landscapes felt by the water molecules passing through the
channel. Furthermore, the structures’ distribution is influ-
enced both by the presence/absence of the lipid tail in the
central pore, and by the lipid composition of the bilayer that
solvates the HsAQP5 tetramer.
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Elucidating the modular structure of the protein G C2
fragment and human IgG Fc domain binding site using
computer simulations

Higmet Kamberaj

Faculty of Technical Sciences, International Balkan
University, Skopje, R. of Macedonia

Protein—protein recognition plays an important role in most
biological processes. Although the structures of many pro-
tein—protein complexes have been solved in molecular detail,
general rules describing affinity and selectivity of protein—
protein interactions break down when applied to a larger set
of protein-protein complexes with extremely diverse nature of
the interfaces.

In this work, we will analyze the non-linear clustering of the
residues at the interface between proteins. The boundaries
between clusters are defined by clustering the Mutual Infor-
mation of the protein-protein interface. We will show that the
mutations in one module do not affect residues located in a
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neighboring module by studying the structural and energetic
consequences of the mutation. To the contrary, within their
module, we will show that the mutations cause complex
energetic and structural consequences.

In this study, this is shown on the interaction between protein G
C2 fragment and human IgG Fc domain by combining
molecular dynamics simulations and mutual information the-
ory, and computational alanine scanning technique. The
modular architecture of binding sites, which resembles human
engineering design, greatly simplifies the design of new pro-
tein interactions and provides a feasible view of how these
interactions evolved. The results test our understanding of the
dominant contributions to the free energy of protein—protein
interactions, can guide experiments aimed at the design of
protein interaction inhibitors, and provide a stepping-stone to
important applications such as interface redesign.
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Entropy estimates of protein-induced lipid perturbations
by molecular dynamics simulations

Jonathan Khao, James Sturgis, Jean-Pierre Duneau
Laboratoire d’Ingénierie des Systemes Macromoléculaires,
CNRS, Aix-Marseille Université, France

Membrane proteins can form large multimeric assemblies in
native membranes that are implicated in a wide range of
biological processes, from signal transduction to organelle
structure. Hydrophobic mismatch and membrane curvature
are involved in long range forces largely contributing to such
segregation. However, the existing assembly specificity is
thought to be coded in the atomic details of protein surface
and topology. These are best described in high resolution
structures and atomistic molecular dynamics simulations. In
order to explore more systematically such forces and ener-
getics arising at intermediate time scales and resolution, we
use coarse grained molecular dynamics simulations applied
to 20 membrane systems spanning over 5 to 15us. As a first
glimpse we study how proteins induce lipid perturbations
using a previously developed conformational entropy esti-
mator. We show that in the model membrane where
hydrophobic mismatch is present, lipid perturbations extend
up to ~40A from the protein surface. However, significant
variations in perturbation profiles are seen. Parameters such
as protein shape, surface topology, and amino acid physi-
cochemical properties are studied to discover the parameters
governing such perturbations.
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Crossing energy barriers with self-guided Langevin
dynamics

Gerhard Kdnig, Xiongwu Wu, Bernard Brooks

National Institutes of Health, National Heart, Lung and Blood
Institute, Laboratory of Computational Biology, Rockuville,
MD, USA

Even with modern computer power, the applicability of
molecular dynamics simulations is restricted by their ability to
sample the conformational space of biomolecules. Often high
energy barriers cause normal molecular dynamics
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simulations to stay trapped in local energy minima, leading to
biased results. To address this problem, Self-guided Lange-
vin dynamics (SGLD) were developed. It enhances
conformational transitions by accelerating the slow system-
atic motions in the system. This is achieved by calculating
the the local average of velocities and adding a guiding force
along the direction of systematic motions. Thus, the effi-
ciency of SGLD is governed by three factors: a.) the friction
constant involved in the Langevin Dynamics b.) the local
averaging time and c.) the guiding factor that determines the
guiding force. However, the guiding force also causes devi-
ations from the original ensemble that have to be corrected
by reweighting the data, thus decreasing the efficiency. Here,
we explore the three-dimensional parameter space of SGLD
for several benchmark systems with particularly rough
energy surfaces. Based on our data, we supply guidelines for
the optimal selection of SGLD parameters, to allow the
extension of our method to other biological problems of
interest.
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Propagation of D816V/H mutation effects across KIT
receptor

E. Laine, I. C. de Beauchéne, C. Auclair and

L. Tchertanov

LBPA, CNRS - ENS de Cachan, France

Receptor tyrosine kinases (RTKs) regulate critical biological
processes. Constitutive activation of RTKs provokes cancers,
inflammatory diseases and neuronal disorders. Biological
data evidenced that oncogenic mutations of the RTK KIT,
located either in the juxtamembrane region (JMR) or in the
activation loop (A-loop) - as is the case of D816V/H, displace
the equilibrium of conformational states toward the active
form. We present a multi-approach study that combines
molecular dynamics (MD), normal modes (NM) and pocket
detection to characterize and compare the impact of D816V/H
on the structure, dynamics and thermodynamics of KIT. We
have evidenced a local structural destabilization of A-loop
induced by the mutation and a long-range effect on the
structure and position of JMR. We have further correlated
these observations with experimental data and decipher
some details about the activation mechanisms of the mutants,
involving leverage of the JMR negative regulation and release
of an access to the catalytic site. Through the identification of
“local dynamic domains” and the recording of interactions
within the protein, we propose a model of the mutational
effects propagation, which highlights the importance of both
structural distortion and local conformational fluctuations.
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Comparative molecular dynamics study

of the stereoisomeric forms of indolicidin and its
analogs

Balazs Leitgeb

Institute of Biophysics, Biological Research Centre,
Hungarian Academy of Sciences, Szeged, Hungary

In this study, molecular dynamics (MD) calculations were
carried out on the stereoisomeric forms of indolicidin and

its analogs with the substitutions of one or more Pro res-
idues by Ala amino acids. According to the cis-trans
isomerism about the Xaa-Pro peptide bonds, various
numbers of stereoisomers could be distinguished for the
parent peptide and its Ala-containing derivatives. On the
basis of MD simulations, the appearance of different
structural properties was investigated, as well as their
alterations were studied as a function of time. For each
stereoisomeric form of peptides, the presence of second-
ary structural elements (i.e. f-turn and helical structures)
and intramolecular interactions (i.e. H-bonds, aromatic-
aromatic, proline-aromatic and cation-z) was examined.
The MD calculations performed on the stereoisomers of
indolicidin and its Ala-containing analogs led to the
observation that the stereoisomeric forms showed charac-
teristic conformational features. Nevertheless, their
appearance proved to be dependent on the cis or trans
nature of Xaa-Pro peptide bonds, as well as on the
Pro—Ala substitutions.

This research was supported by the Hungarian Scientific
Research Fund (OTKA PD 78554), and by the Janos Bolyai
Research Scholarship of the Hungarian Academy of
Sciences.
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Rational design of potential anticancer “drug-like”
molecules based on 4-azoldinone scaffold

Roman Lesyk, Borys Zimenkovsky, Danylo Kaminskyy,
Dmytro Havryluk, Dmytro Atamanyuk, Anna Kryshchyshyn,
Ivanna Subtel’na, Dmytro Khyluk

Danylo Halytsky Lviv National Medical University, Lviv,
Ukraine

Investigation of biological active azolidinones and related
heterocycles refer to one of the most successful scientific
projects of DH LNMU. It is based on three strategic vectors:
organic synthesis, pharmacological research, rational design
of “drug-like” molecules (including in silico approaches).
While applying the research strategy we succeeded in
gaining a number of interesting results that make possible to
extend the field, especially in the scope of “drug-like” mole-
cules design, notably it has focused on the search of new
anticancer agents.

Anticancer activity screening was carried out for more than
1000 compounds (US NCI protocol (DTP) based on obtained
directed library over 5000 new compounds, among them 167
compounds showed high activity level. For the purpose of
optimization and rational design directions of highly active
molecules with optimal “drug-like” characteristics and dis-
covering of possible mechanism of action SAR, COMPARE
analysis, molecular docking and QSA(P)R were carried
out. Obtained results allowed to form main directions of
possible anticancer activity mechanisms, which probable
are apoptosis-related. Nowadays the investigation of
cellular and molecular aspects of anticancer effects is in
progress.
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New insights into the mechanism of mechanical
regulation on thiol/disulfide exchange
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Shanghai, China, 2Max-Plank-Institute for Biophysical
Chemistry, Goettingen, Germany, *Heidelberg Institute
for Theoretical Studies, Heidelberg, Germany

Regulation of (Bio)chemical reactions by mechanical force
has been proposed to be fundamental to cellular func-
tions[1,2,3]. Atomic force microscopy experiments have
identified the effect of mechanical force on the reactivity of
thiol/disulfide exchange, a biologically important reaction [4].
In order to understand the influence of the force at an atom-
istic level, we have performed hybrid quantum mechanics -
molecular mechanics (QM/MM) transition path sampling
simulation of the reaction under external forces. The results of
the simulations supported the experimental findings and
demonstrated that the location of the transition state on the
free energy surface was shifted due to force [5].

In contrast to our findings, however, a recent experimental
study suggests only a weak coupling between the mechanical
force and the reaction rate[6]. In this study, the reactants were
covalently linked to a stilbene molecule. In this system a force
can be applied by photo-isomerization from the relaxed trans
to the strained cis configuration. A drawback of this system is
that one cannot easily determine the forces that acting on the
reaction coordinate. Therefore, we have developed a force
distribution analysis method for quantum mechanical molec-
ular dynamics simulations. The results of the analysis show
how isomerization of stilbene alters the forces acting on the
reacting atoms. The force distribution is essential for under-
standing how chemistry is controlled by external forces.

[11 Beyer MK, Clausen-Schaumann H. Chem. ReV. (2005)
105: 2921-2948.

[2] Bustamante C, Chemla Y, Forde N, Izhaky D. Annu.
Rev. Biochem. (2004) 73: 705-748.

[3] Vogel V, Sheetz M. Nat. Rev. Mol. Cell Biol. (2006) 7:
265-275.

[4] Wiita AP, Ainavarapu SR, Huang HH, Fernandez JM.
Proc.Natl. Acad. Sci. U.S.A. (2006) 103: 7222-7227.

[5] Li W, Graeter F. J. Amer. Chem. Soc. (2010) 132:
16790-5.

[6] Kucharski T, Huang Z, Yang QZ, Tian Y, Rubin N,
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How lipids affect the side-chain conformational space
of a spin label on a protein: an ABF MD study

Ajasja Ljubeti¢, Janez Strancar
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Email: ajasja.ljubetic@ijs.si

Conformational space modelling (CSM) is a promising
method for membrane protein structure determination. It is
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based on the concept of the side-chain conformational space
(SCCS), which is formed by the allowed side-chain confor-
mations of a given residue. Each SCCS can be calculated
from a 3D structure or measured via EPR-SDSL experi-
ments. For structure determination a set of singly spin-
labelled mutants is needed. The final structure is obtained by
altering an initial (possibly random) 3D structure until the best
fit between the calculated and measured SCCS for the whole
set is found.

Such optimization is computationally intensive; therefore
CSM includes several empirical approximations. One of them
describes the effect of the lipid tails on the SCCS. The
implementation is not trivial as lipids diffuse in the plane of
the membrane and the lipid tails behave differently at differ-
ent membrane depths.

To unravel this relationship adaptive biasing force MD sim-
ulations were used. An alanine peptide helix was made in
silico, spin-labelled at the middle and inserted perpendicu-
larly into a DMPC membrane. The free energy of the
spin-label orientation at various membrane depths was cal-
culated. A 3D free energy surface describing the membrane
“depth” effect was obtained.
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A nano-scavenger in action: the molecular
p-cyclodextrin-mediated cholesterol extraction
mechanism

Cesar A. Lépez, Alex H. de Vries, Siewert J. Marrink
Groningen Biomolecular Sciences and Biotechnology
Institute & Zernike Institute for Advanced Materials,
University of Groningen, Nijenborgh 7, 9747 AG Groningen,
The Netherlands

It is known that f-cyclodextrins (SCDs) are able to modify the
cholesterol content of cell or model membranes. However
the molecular mechanism of this process is still not resolved.
Using molecular dynamics simulations, we have been able to
study the CD-mediated cholesterol extraction from choles-
terol monolayers and lipid-cholesterol monolayer mixtures.
We have investigated many conditions that would affect this
process (e.g. lipid-cholesterol ratio, lipid chain unsaturation
level)

Our results can be summarized as follow: i) Dimerization of
BCDs, ii) binding of the dimers to the membrane surface
assuming either a tilted (parallel to the membrane normal) or
untilted (90° respect to the normal of the membrane) configu-
ration, iii) the latter configuration is suitable to extract
cholesterol at a reasonable computational time scale (100-200
ns), however, this process may be affected by unfavorable
energy barriers (from 10 to 80 kJ mol™"), iv) desorption of the
complex brings cholesterol in solution, v) the fCD-cholesterol
complex is able to transfer cholesterol to other membranes.
With a clearer understanding of the basic molecular mech-
anism of the fCD mediated process of cholesterol extraction,
we can begin to rationalize the design of more efficient fCDs
in numerous applications.
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Molecular dynamics simulations of pyrene in POPC
and POPC/cholesterol bilayers

Luis M. S. Loura®?, Anténio do Canto®*

Faculdade de Farmacia, Universidade de Coimbra,
Portugal, 2Centro de Quimica de Coimbra, Universidade de
Coimbra, Portugal, 3Depan‘amento de Quimica,
Universidade de Evora, Portugal, “Centro de Quimica de

Evora, Universidade de Evora, Portugal

We use molecular dynamics simulations to study bilay-
ers composed of 128 1-palmitoyl-2-oleoyl-sn-glycero-
3-phosphocholine (POPC) or 120 POPC:30 cholesterol
(POPC:Chol 4:1) molecules, with 0, 2 or 4 inserted pyrene
molecules. Fluorophore properties such as mass distribution
profile along the bilayer normal, orientation, rotational and
translational dynamics are monitored, as well as bilayer
parameters including area/lipid, mass distribution profiles,
translational and rotational dynamics and order parameters.
In agreement with recent results reported for fluid 1,2-di-
palmitoyl-sn-glycero-3-phosphocholine (DPPC) bilayers, we
found that pyrene is preferentially located in the acyl chain
region close to the glycerol group of lipid molecules and
causes ordering of the lipid acyl chains. On the other hand,
and similarly to DPPC gel bilayers (but unlike DPH in
DPPC:Chol 4:1), incorporation of pyrene in binary POPC:-
Chol 4:1 bilayers produces a disordering effect, increasing
the areallipid molecule and decreasing the bilayer thickness
and acyl chain order, thus opposing the ordering effect of
cholesterol. Funding by FEDER (COMPETE program), and
by FCT — Fundagéo para a Ciéncia e a Tecnologia, project
reference  FCOMP-01-0124-FEDER-010787 (FCT PTDC/
QUI-QUI/098198/2008) is acknowledged.
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DFT and FTIR-spectroscopic study of polypeptide-ligand
complexes

O. Makshakova

Kazan Institute of Biochemistry and Biophysics of Russian
Academy of Science, Lobachevsky str. 2/31, P. O. box 30,
Kazan, 420111, Russia

The mechanism of the complex formation of biopolymers
with ligands including the solvent molecules is an actual
problem of modern biophysical and biological science.
Polypeptides form a secondary structure and mimic the
motifs of the protein architecture. The study of complexation
between polypeptides and solvent molecules leads to deeper
understanding of the basic interaction of proteins with envi-
ronment at atomic level. Besides polypeptides are promising
for the development of applications which encompass some
of the following desirable features: anti-fouling, biocompati-
bility, biodegradability, specific biomolecular sensitivity. On
this account polypeptides have a great significance for a
variety modern applications ranging from the nanoscale
medicine devises up to food technology and others. We
compare the results of calculations of complexes between
helical polypeptides (polyglutamic acid in neutral form and
poly-y-benzyl-I-glutamate) and water molecules at DFT PBE
level and the results of FTIR-spectroscopic study of the film
of wetted polypeptides. Vibrational spectroscopy is one of the

most useful experimental tools to study non-covalent bonded
complexes, and calculated spectra in comparison with
experimental data are reliable test for reality of simulated
complexes.
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DNA bubbles and bending: how conformational
fluctuations modify base pairing

Manoel Manghi, J. Palmeri, N. Destainville

Université de Toulouse, UPS and CNRS, Laboratoire de
Physique Théorique (IRSAMC) F-31062 Toulouse, France

DNA denaturation is a physical process in the course of
which the double strand can open locally thanks to thermal
fluctuations. Within a denaturation bubble the two fluctuating
single strands have a bending rigidity 50 times weaker than
that of the unopened helix, which increase its conformational
entropy. The DNA conformation will in turn influence the
bubble creation process. This mutual influence naturally
leads to a theoretical model coupling the local internal DNA
states (open or closed base pairs) and the local DNA elas-
ticity [1-2].

This internal-external coupling allows us to address and
answer still open questions, such as how conformational
fluctuations modify its thermal denaturation, and why DNA
chains are kinked when observed on surfaces by AFM [3].
Finally, we will discuss, by comparing experiments to simu-
lations, the relevance of Tethered Particle Motion
experiments to observe molecular events such as denatur-
ation bubble closure in real time [4].

[1]1 J. Palmeri, M. Manghi, N. Destainville, PRL 99 088103
(2007); PRE 77 011913 (2008)

[2] M. Manghi, J. Palmeri, N. Destainville, JPCM 21 034104
(2009)

[3] N. Destainville, M. Manghi, J. Palmeri, BJ 96 4464
(2009)

[4] M. Manghi et al., Physical Biology 7 046003 (2010)
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Kinetic tools for quantifying platelet aggregation
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Timigoara, Romania

Platelet aggregation at the site of vascular injury is vital to
prevent bleeding. Excessive platelet function, however, may
lead to thrombus formation after surgery. Therefore, an
accurate measure and control of platelet aggregation is
important. In vitro platelet aggregometry monitors aggregate
formation in platelet rich plasma triggered by agonists such
as ADP, epinephrine or collagen. The fraction of aggregated
platelets is plotted versus time, and platelet function is
assessed by analyzing the plot's morphology. We propose
new measures of platelet function based on a compart-
mental kinetic model of platelet aggregation induced by
ADP. Our model includes three compartments: single,
aggregated and deaggregated platelets. It is simpler than
earlier models and agrees with experimental data. The

@ Springer
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model parameters were determined by non-linear least
squares fitting of published data. We associated the kinetic
parameters with the activity of the ADP receptors P2Y1 and
P2Y12. To this end, we studied published data obtained in
the presence and in the absence of specific antagonists of
these receptors. Comparison of kinetic parameters of
healthy subjects with those of patients with myeloprolifera-
tive disorder (MPD) shows that the function of P2Y12 is
significantly reduced in MPD.
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Coarse-grained modeling of drug-membrane
interactions

Manuel N. Melo, Durba Sengupta, Siewert-Jan Marrink
Groningen Biomolecular Sciences and Biotechnology
Institute, University of Groningen, Groningen, The
Netherlands

The MARTINI coarse-grained (CG) forcefield was used to
simulate the actions of the antimicrobial peptide alamethicin
and of the anti-tumoral drug doxorubicin. Both drugs were
shown to interact strongly with a fluid phospholipid bilayer,
and aggregate there, in agreement with experimental results.
Because doxorubicin may establish intermolecular h-bond-
ing, and thus lower its dipole moment, the CG representation
of a doxorubicin dimer was adjusted. This less polar dimer
was then tested for translocation and/or pore formation.

Contrary to results of atomistic simulations, alamethicin
aggregates did not spontaneously open pores. They did so,
however, when the size of the water beads was decreased.
Several small independent pores could then be observed. The
magnitude of the permeability of these pores is analyzed and
compared to experimental values. The occurrence of multiple
small pores could indicate that the different conductance levels
experimentally observed for alamethicin might simply result
from the association of different numbers of these small pores.

1. Leontiadou H, Mark AE, Marrink SJ. J Am Chem Soc.
2006 Sep 20;128(37):12156-61.

2. Marrink SJ, Risselada HJ, Yefimov S, Tieleman DP, de
Vries AH. J Phys Chem B. 2007 Jul 12;111(27):7812-24
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with membrane growth
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Polarization refers to the asymmetric changes in cellular
organization in response to external or internal signals. Neu-
ronal polarization begins with the growth of a single neurite
shortly after cell division, followed by the growth of a second
neurite at the opposite pole. This early bipolar shape is critical
for brain function, as it defines axis of migration and conse-
quently proper three dimensional organization and nerve
circuitry. However, it is not known if a direct relationship exists

@ Springer

between the formation of the second, opposite, neurite and the
mechanisms involved in the formation of the first. We tackled
this issue through mathematical modeling, based on mem-
brane traffic (exocytosis-endocytosis), and lateral diffusion.
With this approach, we demonstrated that a single pole of
molecular asymmetry is sufficient to induce a second one at
the opposite side, upon induction of growth from the first pole.
Our work gives mathematical proof that the occurrence of a
single asymmetry in a round cell is sufficient to warrant mor-
phological bipolarism.
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QM/MM study of serine protease enzyme acylation using
DFTB method

Jesus |. Mendieta-Moreno', Fernando Martin-Garcia'-?, Ifiigo
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Mendieta'+?

"Molecular Modelling Group, Centro de Biologia Molecular
“Severo Ochoa” (CBMSO,CSIC-UAM) Cantoblanco, 28049
Madrid, Spain, 2Bjomol-Informatics SL. C/ Faraday, 7. Parque
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Trypsin is one of the best characterized serine proteases.
Enzyme acylation process is required for substrate degra-
dation. There is a lot of information about how this process
undergoes. However, in order to obtain a more detailed
description of the catalytic triad mechanism, a QM/MM
approach was used. We used the hybrid QM/MM potential
implemented in AMBER11 package. In the QM calculations a
DFT Hamiltonian was used. We develop an approach based
on the adaptively biased MD in order to obtain the free
energy surface of the conformational space defined by the
reaction coordinates. This approach presents some charac-
teristics of steered MD and umbrella sampling procedures.
Our results offer information about the lowest energy trajec-
tory, the barrier profile of the reaction, and the geometry of
the transition state. This method also provides a further
insight into the role of specific residues in the reaction.
Substituting Asp102, member of the catalytic triad, for Ala we
were able to detect an increase of the barrier profile. This
was due to the loss of the interaction of carbonyl group of
Asp102 with N6 of His57, which make Ng of this residue a
worst proton acceptor. This results show our approach as a
valuable method in the study of enzymatic mechanisms.

P-284

Macromolecular crowding effects studied by THz
spectroscopy and molecular modeling
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Dan Mihailescu’
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The intracellular media comprise a great variety of macromo-
lecular species that are not individually concentrated,
but being preset in the same compartment they exclude
each other’s volume and produce crowding. Crowding has a
profound impact on protein structure and determines confor-
mational transitions and macromolecular association. We
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investigated macromolecular association on a 50% w/w
bovine serum albumin (BSA) solution by time-domain tera-
hertz (THz) spectroscopy and molecular modeling. Molecular
crowding was simulated by including two BSA molecules in the
same water box. We generated ~ 300 such dimeric models,
computed their THz spectra by normal modes analysis and
compared them with the experimental data. The best BSA
dimer model was selected based on the agreement with the
experiment in the lowest frequencies domain of up to 1 THz.
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Symmetry constraints improve accuracy of ion channels
models. Application to two-pore-domain channels
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Independentei 296, 060031, Bucharest 17, Romania,
2National Cancer Institute, National Institutes of Health, 12
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of Maryland, College Park, MD 20742, USA, “National
Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, Maryland 20892, USA

lon channels are important drug targets. Structural informa-
tion required for structure-based drug design is often filled by
homology models (HM). Making accurate HM is challenging
because few templates are available and these often have
substantial structural differences. Besides, in molecular
dynamics (MD) simulations channels deviate from ideal
symmetry and accumulate thermal defects, which complicate
HM refinement using MD. We evaluate the ability of sym-
metry-constrained MD simulations to improve HM accuracy,
using an approach conceptually similar to CASP competition:
build HM of channels with known structure and evaluate the
efficiency of various symmetry-constrained MD methods in
improving HMs accuracy (measured as deviation from x-ray
structure). Results indicate that unrestrained MD does not
improve accuracy, instantaneous symmetrization improves
accuracy but not stability during subsequent MD, while
gradually imposing symmetry constraints improves both
accuracy (by 5-50%) and stability. Moreover, accuracy and
stability are strongly correlated, making stability a reliable
criterion in predicting HM accuracy. We further used this
method to refine HM of TREK channels. We also propose a
gating mechanism for mechanosensitive channels that was
further experimentally confirmed.
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Nucleotide modifications and tRNA anticodon- mRNA
codon interactions on the ribosome

Olof Allnér and Lennart Nilsson

Karolinska Institutet, Stockholm, Sweden

Molecular dynamics simulations of the tRNA anticodon and
mRNA codon have been used to study the effect of the
common tRNA modifications cmo®U34 and m®A37. In
tRNAY? these modifications allow all four nucleotides to be
successfully read at the wobble position in a codon. Previous
data suggest entropic effects are mainly responsible for the
extended reading capabilities but detailed mechanisms have

remained unknown. The aim of this paper is to elucidate the
details of these mechanisms on an atomic level and quantify
their effects. We have applied: extensive free energy per-
turbation coupled with umbrella sampling, entropic
calculations of tRNA (free and bound to the ribosome) and
thorough structural analysis of the ribosomal decoding cen-
ter. The results show that there are three mechanisms
responsible for the expanded decoding capability by the
modifications: 1. Prestructuring of the ASL decreases
entropy. A decrease of stem loop entropy when free in
solution favors the tRNA-ribosome complex formation. 2.
Alternate binding conformations. The further reach of the
cmo®U34 allows an alternative outer conformation to be
formed for the non cognate base pairs. 3. Increased contacts
between tRNA and mRNA with the ribosome enhances the
“catalyzing” effect of the ribosome.
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Functional and dysfunctional conformers of human
neuroserpin: a comparative MD study
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Human neuroserpin (hNS) is a serine protease inhibitor
(serpin) of a tissue-type plasminogen activator (tPA). The
conformational flexibility and the metastable state of this
proteins underlies to misfolding and to dysfunctional muta-
tions causing a class of rare genetic diseases which share
the same molecular basis. The conformational transition of
the native form, triggered upon the cleavage at reactive
center loop (RLC), releases a complex of the cleaved form
bound to the inactivated target protease. Without RLC
cleavage a stable inactive latent form can be obtained by
intra/inter molecular loop insertion leading to polymerization.
This work concerns the study of the three above mentioned
forms of hNS by MD simulations to investigate the relation
between their conformational stability and. The starting
native and cleaved configurations are based on the x-ray
structure, while the latent form is here modelled. The results
of the simulation reveal a striking conformational stability
along with the intrinsic flexibility of selected regions of the
fold.The analysis of the essential collective modes of the
native hNS shows that the initial opening of the f-sheet A
coincides with several changes in the local pattern of salt
bridges and of hydrogen bonds.
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Regulation of ubiquitin-conjugating enzymes: a common
mechanism based on a pattern of hydrophobic
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E2 ubiquitin-conjugating enzymes play a central role in the

ubiquitin (Ub) pathway, influencing the fate of the target
substrates [Ye and Rape, Nat Rev Mol Cell Biol 2009,

@ Springer
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10:755-64]. Several E2s are characterized by an extended
loop (L7), which regulates Ub-charging activity [Papaleo
et al, PLoS Comput Biol, in press].

We studied L7 interactions, in representative E2s, integrat-
ing phylogenetic and residue co-evolution analyses, normal
mode and multi-replica molecular dynamics simulations. A
pattern of hydrophobic residues emerged as the main
determinant of the stabilization of E2 inactive conforma-
tions. L7 can have a pivotal role in downstream events
related to interactions with Ub and E3 enzymes. In fact,
once the E2-Ub complex is formed, L7 open conformation,
induced by phosphorylation, allows its acidic residues to
reduce conformational freedom of Ub in the E2 catalytic
cleft. Indeed, hydrophobic residues interact with E2 distal
regions rich of hydrophobic residues determining a L7
conformation competent for interactions with E3s. In light of
the above scenario, L7 emerges as a suitable target for
drug design, prompting us to develop virtual screening and
docking simulations to identify compounds, which should be
able to act as molecular hinges and to modify protein
dynamics.
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Enzyme temperature adaptation generally involves a mod-
ulation of intramolecular interactions, affecting proteins
dynamics, stability and activity [1-2]. In this contribution, we
discuss studies of different classes of extremophilic
enzymes, focusing on cold-adapted variants, as well as
their mesophilic-like mutants, performed by all-atom
molecular dynamics simulations with particular attention to
structural communication among residues within the three-
dimensional architecture [3-4]. Common adaptation strate-
gies turned out to be based on improved local flexibility in
the proximity of the functional sites, decrease in intercon-
nected electrostatic interactions, and modulation of
correlated motions and networks of communicating resi-
dues. Specific differences related to the diverse protein
folds can also be detected.

References

1. Feller G, J Phys Cond Matter, 2010, 22:323101.
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Molecular dynamics study of gNeurexin-Neuroligin
interactions
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PNeurexins and Neuroligins are cell adhesion molecules and
play important role in synapse junction formation, maturation
and signal transduction between neurons. Mutations in
genes coding these proteins occurs in patients with cognitive
diseases like autism disorders, Asperger syndrome and
mental retardation [1]. It has been found that the complex
pNeurexin-Neuroligin has also an important role in angio-
genesis [2]. Herein we will present molecular foundations of
PNeurexin-Neuroligin interactions obtained from all-atom
molecular dynamics simulations of fNeurexin, Neuroligin
and their complex (3B3Q) [3]. 50 ns MD trajectories
(CHARMM force field) were analyzed and roles of Ca2+ and
N-actetyl-D-glucosamine posttranslational modifications in
intermolecular interactions were scrutinized.Supported by
Polish Ministry of Education and Science, grant no. N202
262038.

[1] Lise M-F., El-Husseini A. Cell. Mol. Life Sci. 63, 1833
(2006)

[2] Bottos A. et al. PNAS 106(49), 20782 (2009)

[3] Chen X. et al. Nat. Struc. Mol. Biol. 15(1), 50 (2008)
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Advances in hardware and software have enabled increas-
ingly long atomistic molecular dynamics simulations of
biomolecules, allowing the exploration of processes occur-
ring on timescales of hundreds of microseconds to a few
milliseconds. Increasing the length of simulations beyond
the microsecond time scale has exposed a number of limi-
tations in the accuracy of commonly employed force fields.
Such limitations become more severe as the size of the
systems investigated and the length of the simulations
increase. Here | will describe the force field problems that
we have encountered in our studies, how we identified and
addressed them, and what we have learned in the process
about the biophysics of the systems we are investigating.
While the quest for a “perfect” force field is not over (and
may never be), our work has greatly improved the accuracy
and range of applicability of simple physics-based
force fields, to the point that reliable predictions can now
be obtained from millisecond-timescale simulations of
biomolecules.
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Local anesthetics (LA) are pain-relief drugs, widely used in
medicine and dentistry. The relatively short duration of
analgesia still restricts their clinical use for the treatment of
chronic pain. Nowadays, intensive research is focused on
anesthetics entrapped into liposomes to enhance their
activity and pharmacokinetic properties [1].

In this work, we investigated the encapsulation of prilocaine
(PLC), an aminoamide local anesthetic, into a small unila-
mellar liposome. On the line of our previous work [2], we
have carried out Molecular Dynamics (MD) simulations using
a Coarse Grain model up the microsecond time scale. In this
way, we compare the effects of the concentration of LA at
fisiological pH. We were able to capture important features of
the PLC-vesicle interactions. The behavior of PLCs at fisio-
logical pH is essentially a combination of high and low pH: we
found that all neutral PLC molecules rapidly diffuse into the
hydrophobic region of the vesicle adopting an asymmetric
bimodal density distribution. Protonated PLC molecules
(pPLC) initially placed in water were instead only found on
the external monolayer, with a high rate of exchange with the
water phase and no access to the inner part of the liposome
in a concentration dependent way.

[11 E. de Paula, C.M.S. Cereda, G.R. Tofolia, M. Franz-
Montana, L.F. Fraceto, D.R. de Araujo; Recent Patents
on Drug Delivery & Formulation, 1 (2010) 23.

[2] M. Pickholz and G. Giupponi; J. Phys. Chem. B 114
(2010) 7009.
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Published data reveal that the rate coefficients of diffusion
controlled reactions taking place in crowded media are time
dependent. Within this study we have performed on lattice
3D Monte Carlo simulations concerning Michaelis-Menten
enzymatic reactions in crowded media, such as the cyto-
plasmatic region of the cells. We have considered the same
size and mobility of the reactant particles and different
crowding conditions using distinct concentrations and sizes of

the immobile obstacles. The results we have obtained indicate
a fractal like kinetics with the degree of fractality that changes
with the concentration and dimension of the obstacles. The
simulation data also reflect that, depending on the temporal
scale, molecular crowding can bring positive or negative
effects on reaction kinetics. Comparing the cases studied, for
short periods of time the value of the initial rate constant
generally increases with the degree of crowding. For longer
periods of time and larger distances, molecular crowding
slows down the reaction kinetics in every case, due to smaller
diffusion coefficients of the reactants, having a more intense
effect for the cases with higher degree of crowding.
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Multiscale modeling of adhesion and trafficking
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We focus on applications of molecular and mesoscale simu-
lation methodologies to the cellular transport process of
endocytosis, i.e., active transport mechanisms characterized
by vesicle nucleation and budding of the cell membrane
orchestrated by protein-interaction networks, and functional-
ized carrier adhesion to cell surfaces. We discuss theoretical
and computational methodologies for quantitatively describing
how cell-membrane topologies are actively mediated and
manipulated by intracellular protein assemblies. We also dis-
cuss methods for computing absolute binding free energies for
carrier adhesion. We present rigorous validation of our models
by comparing to diverse range of experiments.
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Mg?" is ubiquitous and often coordinated by the triphosphate
of GTP or ATP in signal transduction and motor proteins. It
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plays an important role in catalytic hydrolysis. Here, we
analysed the GTPase Ras which is a crucial switch in cellular
signal transduction. It cleaves the substrate GTP hydrolyti-
cally to diphosphate and P;. The GAP protein accelerates
GTP hydrolysis by a factor of 10°. FTIR spectra of GTP show
remarkable changes when it binds to the enzyme in com-
parison to water [1]. The main goal is to understand how this
acceleration is accomplished.

Spectral features are computed by QM/MM. The simulations
provide charge shifts and small deformations of bond lengths
and angles that are not accessible by experiments directly.
With GROMACS we calculated 50ns MM trajectories of GTP
and GTP bound Mg?" in water, Ras-GTP, Ras-GTP-RasGAP,
Ras-GDP-P;:-RasGAP and Ras-GDP. For each system we
took six snapshots from the last 25ns as starting structures
for 5ps QM/MM simulations, calculated the FTIR spectra and
compared them with experiments for validation.

The results give new insights into the role of the Mg®* during
hydrolysis: It drags the electrons from the triphosphate,
stores them and after the P; release returns them to the
diphosphate.

[1] Kotting et al., PNAS (2006) 13911-13916.
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The importance of delta-opioid receptors as target of a large
number of drugs is well recognized, but the molecular details
of interaction and action of the compounds are largely
unknown. In an effort to shade some light on this important
issue we performed an extensive computational study on the
interaction of two compounds, clozapine and desmetilcloza-
pine, with a delta-opioid receptor. According to experiments,
the lacking of a single methyl group in desmetilclozapine with
respect of clozapine makes the former more active than the
latter, providing a system well suited for a comparative study.
We investigated stable configurations of the two drugs inside
the receptor by simulating their escape routes by metady-
namics, an algorithm that allows the simulation of events that
are otherwise out of range for standard molecular dynamics
simulations. Our results point out that the action of the com-
pound is related to the spatial distribution of the affinity sites it
visits during its permanency. Desmetilclozapine has a larger
distribution of residues, which is interacting with, than cloza-
pine. However, large conformational changes of the receptor
were not observed in the presence of both compounds. Thus,
a more dynamical picture of ligand-receptor affinity is pro-
posed on the basis of the results obtained, involving the
competition among different stable states as well as the
interaction with the solvents. Such information might be useful
to provide hints and insights that can be exploited in more
structure-and-dynamics-oriented drug design.
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The coupling between the mechanical properties of enzymes
and their biological activity is a well-established feature that
has been the object of numerous experimental and theoret-
ical works. In particular, recent experiments show that
enzymatic function can be modulated anisotropically by
mechanical stress. We study such phenomena using a
method or investigating local flexibility on the residue scale,
which combines a reduced protein representation with
Brownian dynamics simulations. We performed calculations
on the enzyme Guanylate Kinase in order to study its
mechanical response when submitted to anisotropic defor-
mations. The resulting modifications of the protein’s rigidity
profile can be related to the changes in substrate binding
affinities that were observed experimentally. Further analysis
of the principal components of motion of the trajectories
shows how the application of a mechanical constraint on the
protein can disrupt its dynamics, thus leading to a decrease
of the enzyme’s catalytic rate. Eventually, a systematic probe
of the protein surface led to the prediction of potential hot-
spots where the application of an external constraint would
produce a large functional response both from the mechan-
ical and dynamical points of view. Such enzyme engineering
approaches open the possibility to tune catalytic function by
varying selected external forces. (Sacquin-Mora et al., 2010,
Biophys. J. 99, pp3412-3419)
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HIV-1 protease autocatalyses its own release from Gag and
GagPol precursor polyproteins into mature functional pro-
teins. As it is functional in the dimeric form, whilst initially,
only a single monomer is embedded within each GagPol
chain, the question arises as to what cut’s the cutter. Two
individual monomers in different GagPol chains are known to
come together to form an embedded-dimer precursor prote-
ase. Mature-like protease activity is concomitant with
N-terminal intramolecular cleavage of this transient embed-
ded-dimer precursor, but how this crucial maturation-initiating
step is physically achieved, has remained unknown.

Here, we show via 400 all-atom explicit solvent molecular
dynamics simulation runs of 400 ns each that the N-terminal
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of an immature-like protease, with the N-terminal initially
unbound as in the GagPol polyprotein, can self-associate to
the active site and therefore be cleaved under conditions of
thermodynamic equilibrium, identifying possible binding
pathways at atomic resolution, in agreement with previous
indirect experimental evidence [1]. The binding pathway
predominantly makes use of the open conformation of the
beta-hairpin flaps characterised by us previously [2], and the
N-terminal binds across the entire active site in good
agreement with crystal structures of a cleavage-site peptide-
bound protease.
The N-terminus serves two roles, firstly in the maturation of
the protease itself by self-associating to the protein and then
as a stabilizing component of the dimer interface in a mature
protease. Targeting the prior mechanism could be the focus
of a novel therapeutic strategy involving immature protease
inhibition.
[1] Visualizing transient events in amino-terminal autopro-
cessing of HIV-1 protease. Tang C, Louis JM, Aniana A,
Suh JY, Clore GM. Nature. 2008; 455(7213):693-6.
[2] Explicit solvent dynamics and energetics of HIV-1
protease flap opening and closing. Sadiq SK, De
Fabritiis G. Proteins. 2010;78(14):2873-85.
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Revealing the pathways of signal transfer in allosteric pro-
teins has remained a challenge for today’s biophysical
methods. Previous approaches are primarily based on the
comparison of active and inactive structures and thermody-
namic concepts. However, stiff regions of the protein might
mask signal propagation, even though they are able to carry
signals in form of high internal stresses.

We here present a new method, force distribution analysis
(FDA Stacklies et al 2011, accepted), that detects the distri-
bution of stress upon external perturbations in
macromolecules like proteins, other (bio-)polymers or even
solids with high sensitivity. For tracing signal transfer through
a protein structure, FDA calculates the changes, here caused
by ligand binding, in the inter-atomic forces of the protein as
sampled in Molecular Dynamics simulations.

The analyzed proteins are two homologues of the chaperone
Hsp90 and the catabolite activator protein CAP.

We propose a new model for the signal transduction in the
E.Coli (HtpG) and Yeast (Hsp82) homologues of Hsp90. The
force differences between the apo, ADP and ATP bound
states obtained by FDA based on all-atom trajectories total-
ing 540 ns revealed a cross-talk between the binding site and
the middle domain via distinct paths.

The catabolite activator protein (CAP) is a major player in the
lac operon. CAP features a negative cooperativity for the
binding of cAMP, which is interestingly based not on a
change in structure but in flexibility (Popovych et al. 2006).
FDA of the apo, single- and double-bound state revealed a
signaling network in CAP, which transfers a signal (first cAMP
is bound) to the second binding niche without obvious

structural changes, the observed
cooperativity.

This work describes the effectiveness of FDA for resolving
allosteric communication pathways, which are directly test-
able by experiments. As such, it has broad implications for

our view on protein internal strain and function.

thereby explaining
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Knotted proteins are the object of an increasing number of
experimental and theoretical studies, because of their ability
to fold reversibly in the same topologically entangled con-
formation. The topological constraint significantly affects their
folding landscape, thus providing new insight and challenges
into the funnel folding theory [1]. Recently developed
experimental methods to trap and detect knots have sug-
gested that denaturated ensembles of the knotted proteins
may be knotted [2].

We present numerical simulations of the early stage of fold-
ing of the knotted proteins belonging to protein families
MTase (methyltransferase) and SOTCase (succinyl-ornithine
transcarbamylase), and of their unknotted homologues [3].
Our results show that native interactions are not sufficient to
generate the knot in the denaturated configurations. How-
ever, when non-native interactions are included we observe
formation of knots only in the chains whose native state is
knotted. In addition, we find that the knots are formed through
a universal mechanism. Such a knot formation mechanism
correctly predicts the fraction of the knotted proteins found in
nature and can be used to make qualitative prediction on
their folding times.

[1] L. Mallam, FEBS Journal 276, 365 (2008).

[2] L. Mallam, J. M. Rogers and S. E. Jackson, PNAS 107,
8189 (2010).

[3] R. Potestio, C. Micheletti and H. Orland, PLoS Comp.
Biol. 6, 1 (2010).
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Cellular adhesion is an important process in cell develop-
ment and survival, it plays a key role in maintaining cell
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shape and motility and also for numerous signaling pro-
cesses. Adhesion is based on non-covalent interactions
between transmembrane proteins and the extracellular
matrix. Cells are able to create two-dimensional assemblies
of integrins, so called focal adhesions, which they use to stick
to the substrate and collect information about the environ-
mental properties. The goal of this work is a deeper
understanding of the formation and the stability of these
adhesion clusters.

Bond cluster formation and disintegration is dynamically
modeled with the aid of Monte Carlo Simulations. In the
model, a membrane is attached to a flat surface via a vari-
able number of adhesion bonds. The spacial configuration of
these adhesion points subjected to an inhomogeneous
stress field maps into a distribution of local membrane/ sur-
face distances. We introduce a model which explicitly
accounts for the membrane elasticity and demonstrate that
such models are able to explain the spontaneous formation
of adhesion bond clusters.
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Structure based models are successful at conjugating the
essence of the energy landscape theory of protein folding[1]
with an easy and efficient implementation. Recently their
realm expanded beyond single protein structure, been used
profitably to widely study large conformational transitions[2-
3]. Still, when dealing with conformational transition between
two well-defined structures an unbiased and realistic
description of the local backbone and sidechain interactions
is necessary. The proposed model merges a precise
description of these interactions with a structure-based long
range potential that takes into account different conformers.
We present the results of the activation of the catalytic
domain of human cSRC tyrosine kinase for which we
reconstructed the transition free energy and the description
of the activation loop flexibility. The excellent model perfor-
mances in terms of speed and the satisfactory accuracy of
the description of the system and its flexibility are promising
for a more systematic study of the tyrosine kinase family
activation mechanisms.

[1] Luthey-Schulten, Z.; Wolynes, P. Annu. Rev. Phys.
Chem 1997, 48, 545-600.

[2] Yang, S.; Roux, B. PLoS Computational Biology 2008,
4, e1000047.

[3] Camilloni, C.; Sutto, L. J. Chem. Phys. 2009, 131,
245105.
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Increased cholesterol levels are associated with multiple
pathological conditions. Here, Molecular Dynamics simula-
tions are applied to explain the influence of membrane
cholesterol levels on voltage-gated calcium channels. We
used different lipid compositions to obtain information about
the possible effects by which cholesterol influences Cav1.2
channels. Cholesterol is not directly interacting with the
protein in the open or the closed conformation, but the Ca®*
ion mobility is decreased in POPC/CHOL systems compared
to pure POPC bilayers. Cholesterol increases lipid packing
implying that it plays a crucial rule in restricting lipid move-
ment in the region around 1 nm of POPC. This leads to an
indirect modulation of Cav1.2 channel function.
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We introduce a previously undescribed technique for mod-
elling the kinetics of stochastic chemical systems. We apply
Richardson extrapolation, a sequence acceleration method
for ordinary differential equations, to a fixed-step tau-leaping
algorithm, to produce an extrapolated tau-leaping method
which has weak order of accuracy two. We prove this
mathematically for the case of linear propensity functions.
We use four numerical examples, two linear and two non-
linear, to show the higher accuracy of our technique in
practice. We illustrate this by using plots of absolute error for
a fixed-step tau-leap and the extrapolated tau-leap. In all
cases, the errors for our method are lower than for a fixed-
step tau-leap; in most cases they are second order of
accuracy.
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How new protein folds arise during evolution is a long-
standing, puzzling question. We present evidence suggest-
ing that new protein structures can arise by a swap of
segments between domains within a single-chain monomer.
By a comprehensive structural search of the current PDB, we
identified 32 well-defined segment-swapped proteins (SSPs)
belonging to 18 structural families. Nearly 13% of all multi-
domain proteins in the PDB may have a segment-swapped
evolutionary precursor as estimated by more permissive
searching criteria. The formation of SSPs can be explained
by two principal evolutionary mechanisms: (i) domain
swapping and fusion (DSF), (ii) circular permutation (CP). By
large-scale comparative analyses using structural alignment
and HMM methods, it was found that the majority of SSPs
have arisen by the DSF mechanism, and a much smaller
fraction by CP. Functional analyses revealed that segment
swapping, which results in two linkers connecting the
domains, may impart directed flexibility to multidomain pro-
teins. Inter-domain segment swapping represents a novel
general mechanism by which new protein folds and multi-
domain architectures arise in evolution, and segment-
swapped proteins have structural and functional properties
that make them worth defining as a separate group.
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High-resolution structural studies of the ribosome have
revealed many details of how the ribosomal machinery
achieves efficient protein synthesis at the atomic level. These
studies provide atomic resolution structures of the ribosome in
well- defined states along the protein assembly cycle. Unfor-
tunately, these structures shed little light on intermediate
states, transition pathways, and equilibrium states at physio-
logical temperatures. Molecular dynamics simulations allow
addressing these dynamical features of the ribosome while
maintaining a faithful all-atom, explicit solvent representation of
the system. We combine crystallographic and cryo-EM data
with molecular dynamics simulations to target the elongation
phase of protein synthesis. Using fitted models as starting
points we performed molecular dynamics simulations to obtain
a picture of the ribosome in different states of transfer RNA
translocation. Analyzing the main modes of motion along the
simulation trajectories provided insight into the concerted
motion of different parts of the ribosome during elongation.
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The generalized Born model was introduced for the efficient
evaluation of continuum electrostatic energies. FACTS (fast
analytical continuum treatment of solvation) is an efficient
implicit solvent model based on the generalized Born model
for calculating the free energy of solvation of a molecule
embedded in an aqueous continuum solvent.

We discuss a modification to the standard FACTS implicit
solvent model for modelling heterogeneous dielectric envi-
ronments with applications to biological membranes. The
membrane-water system in the modified model is repre-
sented in the form of multiple layered dielectric regions with
dielectric constants different from the solute cavity. The
modified FACTS model for membranes is implemented in the
CHARMM molecular dynamics simulations package and
results are shown for a range of different proteins.
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The major tripartite efflux pump AcrAB-TolC is responsible for
the intrinsic and acquired multidrug resistance in Escherichia
coli. At heart of the extrusion machinery there is the homo-
trimeric transporter AcrB, which is in charge of the selective
binding of structurally and chemically different substrates and
energy transduction. The effects of conformational changes,
which have been proposed as the key features of the extru-
sion of drugs, are investigated at molecular level using
different computational methods like targeted molecular
dynamics. Simulations, including almost half a million atoms,
have been used to assess several hypotheses concerning the
structure-dynamics-function relationship of the AcrB protein.
The results indicate that, upon induction of conformational
changes, the substrate detaches from the binding pocket and
approaches the gate to the central funnel. In addition, we
provide evidence for the proposed peristaltic transport
involving a zipper-like closure of the binding pocket, respon-
sible for the displacement of the drug. Using these atomistic
simulations the role of specific amino acids during the tran-
sitions can be identified, providing an interpretation of site-
directed mutagenesis experiments. Additionally, we discuss a
possible role of water molecules in the extrusion process.
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Cardiovascular disease (CVD) is the main cause of death in
Western countries. The risk for being exposed to CVD largely
depends on the relative levels of low density lipoprotein
(LDL) and high density lipoprotein (HDL) particles that are
carriers of cholesterol and its esters in human bloodstream.
Meanwhile, cholesteryl ester transfer protein (CETP) trans-
ports cholesteryl esters, triglycerides, and phospholipids
between the different lipoprotein fractions, such as HDL and
LDL. Intriguingly, the inhibition of CETP has been shown to
prevent and treat the development of CVD. In this work, we
employed atomistic and coarse-grained molecular dynamics
simulations to unravel the mechanisms associated with the
CETP-mediated lipid exchange. We found CETP to bind to
the surface of HDL-sized lipid droplets through its charged
and tryptophan residues. We further found CETP to induce
the formation of a channel from the core of the lipid droplet to
the binding pocket of CETP. We also clarified the role of helix
X in the opening of CETP binding pocket and the mechanism
associated with diffusion of lipids between CETP and the
lipid droplet. The findings presented here can be exploited in
the design of molecular agents to inhibit the activity of CETP.
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VIRus Inhibitory Peptide (VIRIP), a 20 amino acid peptide,
binds to the fusion peptide (FP) of human immunodeficiency
virus type 1 (HIV-1) gp41 and blocks viral entry. Molecular
dynamics (MD) and molecular mechanics/Poisson-Boltz-
mann surface area (MM/PBSA) free energy calculations
were executed to explore the binding interaction between
several VIRIP derivatives and gp41 FP. A promising corre-
lation between antiviral activity and simulated binding free
energy was established thanks to restriction of the flexibility
of the peptides, inclusion of configurational entropy calcula-
tions and the use of multiple internal dielectric constants for

@ Springer

the MM/PBSA calculations depending on the amino acids
sequence. Bases on these results, a virtual screening
experiment was carried out to design enhanced VIRIP ana-
logues. A selection of peptides was tested for inhibitory
activity and several improved VIRIP derivatives were identi-
fied. These results demonstrate that computational modelling
strategies using an improved MM/PBSA methodology can be
used for the simulation of peptide complexes. As such, we
were able to obtain enhanced HIV-1 entry inhibitor peptides
via an MM/PBSA based virtual screening approach.
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An essential step during the HIV life cycle is the integration of
the viral cDNA into the human genome. HIV-1 integrase
mediates integration in a tight complex with the cellular
cofactor: LEDGF/p75 [1]. Disruption of the interaction inter-
feres with HIV replication and therefore provides an
interesting new drug target for antiretroviral therapy [2,3].
Here we present the structure based discovery and optimi-
zation of a series of small molecule inhibitors that bind to HIV-
1 integrase and block the interaction with LEDGF/p75. The
work flow was set up according to a funnel principle in which a
series of virtual screening tools were applied in such way to
discard at each step molecules unlikely to be active against
the desired target (including 2D filtering, pharmacophore
modelling and molecular docking) The activity and selectivity
of the selected molecules were confirmed in an ALPHA
screen based assay, that measure protein-protein interaction
in vitro, and furthermore by in vivo experiments. Active com-
pounds proceeded towards crystallographic soaking into the
receptor protein crystals. These crystal structures not only
validated the binding mode and activity of the hit compounds,
but furthermore were used as a platform for structure based
drug design which resulted in the rational discovery of new hit
compounds and optimized lead compounds. In vitro and in
vivo experiments validated the mechanism of action of these
compounds and show that they are a novel class of antiret-
roviral compounds with in vivo inhibitory activity by targeting
the interaction between LEDGF/p75 and HIV-1 integrase.
Cross resistance profiling indicate that these compounds are
active against current resistant viral strains.[4] Currently the
most potent inhibitors show an in vivo ICsy of 55nM. These
compounds are promising for future pharmaceutical optimi-
zations to be used in the clinic as new antiretroviral agents.
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Figure: Crystallography was used to validate the binding
mode of the discovered inhibitors. Insights in the interaction

of the ligand-protein complex allowed for rational design of
optimized inhibitors.
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Allostery in protein systems is a thermodynamic phenom-
enon. Allosteric response is driven by the free energy
differences obtained in different binding events, which, in
principle, contain contributions from both enthalpic and
entropic changes. While traditional views of allostery have
concentrated on structural changes induced by the binding
of ligands (i.e. “enthalpically dominated”), it is now
increasingly recognised that fluctuations in structure can
contribute to allosteric regulation. In some cases, where

ligand-induced structural changes are small, thermal fluc-
tuations can play a dominant role in determining allosteric
signalling. In thermodynamic terms, the entropy change for
subsequent binding is influenced by global vibrational
modes being either damped or activated by an initial bind-
ing event. One advantage of such a mechanism is the
possibility for long range allosteric signalling. Here, chan-
ges to slow internal motion can be harnessed to provide
signalling across long distances. This paper considers
homotropic allostery in homodimeric proteins, and presents
results from a theoretical approach designed to understand
the mechanisms responsible for both cooperativity and anti-
cooperativity. Theoretical results are presented for the
binding of cAMP to the catabolite activator protein (CAP)
[1], where it is shown that coupling strength within a dimer
is of key importance in determining the nature of the allo-
steric response. Results from theory are presented along
side both atomistic simulations and simple coarse-grained
models, designed to show how fluctuations can play a key
role in allosteric signalling in homodimeric proteins.

[1] Substrate-Modulated Thermal Fluctuations Affect Long-
Range Allosteric Signaling in Protein Homodimers:
Exemplified in CAP. H. Toncrova and T. C.B. McLeish.
Biophysical J., (2010), 98, 2317-2326.
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A forward-backward mathematical model of the blood flow
and the blood pressure of the large arteries in human upper
limb have been developed. The model is based on Wo-
mersley solution for one-dimensional equations derived from
the axisymmetric Navier-Stokes equations for flow in a
vessel. Blood flow was measured at brachial and radial
artery using IR sensor, positioned at 3 cm distance from
arterial branching point, where the pulse was easily detected
by hand. The arterial pulse wave velocity, reflected coeffi-
cient and terminal impedance were calculated from the
measured data reflected coefficient and used in simulation.
Blood flow and blood pressure simulations were compared
with the measured signals as well as with the published
clinical data. The model predicts the blood pressure wave-
form composed of a forward propagation waveform and a
number of reflected waveforms from many branching sites.
The model predictions are in a good correlation of with the
age-related characteristics of blood vessels. The model is
consistent with clinically observed blood pressure and can
be useful for proper biophysical understanding of arterial
hemodynamics.
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proteins

M. Andresen, T. Brakemann, A.C. Stiel, I. Testa, C. Eggeling,
S. Hell, S. Jakobs

Max-Planck-Institute for Biophysical Chemistry, Géttingen,
Germany

Reversibly switchable fluorescent proteins (RSFPs) can be
switched between a fluorescent (on) and a nonfluorescent
(off) state which is accompanied by a cis-trans isomerization
of the chromophore on the molecular level 1,2. This unique
property has already provided new aspects to various
microscopy techniques, such as high resolution microscopy,
FCS or monochromatic multicolor microscopy 3-5. Despite of
their established potential, RSFPs still have a major draw-
back: the wavelength for fluorescence excitation is always
one of the two switching wavelengths. The imaging process
thus inevitably results in the switching of a small fraction of
the RSFPs, which might hinder or complicate some experi-
ments. We developed a new reversibly switchable
fluorescent protein which eliminates the problem of the
coupling between switching and fluorescence excitation. This
fluorescent protein follows an unusual and currently unknown
mechanism of switching between a fluorescent and a non-
fluorescent state. It is brightly fluorescent and exhibits an
excellent signal to noise ratio.

1. Andresen, M. et al. Proc Natl Acad Sci U S A,
13005-13009 (2007).
2. Andresen, M. et al.
13070-13074 (2005).
3. Andresen, M. et al. Nat Biotechnol, 1035-1040 (2008).
4. Eggeling, C. et al. Microsc Res Tech, 1003-1009 (2007).
5

Egner, A. et al. Biophys J, 3285-3290 (2007).

Proc Natl Acad Sci U S A,
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Programmable array microscope imaging of living cells
and spin-off to tumor diagnostics

Donna J. Arndt-Jovin, Michelle G. Botelho',

Sven Kantelhardt?, Anthony H.B. de Vries,

Pieter A.A. De Beule"?, Thomas M. Jovin

"Laboratory of Cellular Dynamics, Max Planck Institute
for Biophysical Chemistry, 37077 Géttingen, Germany,
2Department of Neurosurgery, University of Mainz, 55101
Mainz, Germany, 3INL Nanotechnolgy Laboratory, Braga,
Portugal

EGFR exhibits diffusion but undergoes retrograde transport
to the cell body after ligand association, dimerization, and
transautophosphorylation. Filopodial transport allows remote
sensing and was discovered by sensitive imaging of QD-
EGF [1]. Recently we identified Shc1 as an essential com-
ponent for coupling of activated EGFR to the actin filaments
[Gralle Botelho et al.]

In parallel studies [2], QD-based ligands (EGF, Mabs) were
targeted to EGFR in gliomas. Cell-cultures, animal models and
ex vivo biopsies of human high-grade as well as low-grade
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gliomas showed high probe specificity.. The aim is to define
more precisely the tumor boundaries at the time of resection.
We used the Programmable Array Microscope designed for
sensitive, high-speed optical sectioning, particularly of living
cells. The PAM is based on structured illumination and con-
jugate detection using a digital micromirror device (DMD) [3]
located in a primary image plane. The unique feature is the
rapid, (re)programmable adjustment of local excitation
intensity, Dynamic, on-the-fly optimization is thus achieved,
e.g. multipoint FRAP [4], light exposure minimization and
object tracking [5], or super-resolution strategies. The fea-
tures and operation of the 3rd generation PAM will be
presented.

[11 D.S. Lidke et al., J. Cell Biol. 170 (2005) 619.

[2] S.R.Kantelhardt et al. PLoS One (2010) 5: doi:10.1371/
journal.pone.0011323

[3] P.A.A.De Beule et al. Proc. SPIE 7932, 79320G (2011);
doi:10.1117/12.879611

[4] G.M. Hagen et al., Microsc. Res. Tech. 72 (2009)
431-440

[5] W. Caarls et al., J. Microsc. (2010) 1365-2818.d0i:2010.
03413.x
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Three-dimensional video-rate nonlinear microscopy

of contracting myocytes

Masood Samim, Nicole Prent, Richard Cisek, Daaf Sandkuijl,
Sergey Musikhin and Virginijus Barzda

Department of Chemical and Physical Sciences, Department
of Physics and Institute for Optical Sciences, University

of Toronto, 3359 Mississauga Road N., Mississauga, ON,
L5L 1C6 Canada

Contraction of muscle cells, motility of microorganisms,
neuronal activity, and other fast cellular processes require
microscopic imaging of a three-dimensional (3D) volume with
a video-rate scanning. We present 3D video-rate investiga-
tions of structural dynamics in biological samples with the
multicontrast third- and second-harmonic generation as well
as fluorescence microscope. The multidepth scanning is
achieved by two combined laser beams with staggered
femtosecond pulses. Each of the beams is equipped with a
pair of deformable mirrors for dynamic wavefront manipula-
tion enabling multidepth refocusing with simultaneous
corrections for optical aberrations. Combined, more than 250
frames per second lateral scanning with fast refocusing
enables the 3D video-rate imaging of dynamically moving
structures. In addition, combination of two laser beams is
accomplished at two perpendicular polarizations enabling
live imaging of sample anisotropy, which is important for
structural studies particularly with the second harmonic
generation microscopy. Investigations of beating chick
embryo hearts with the 3D video-rate scanning microscope
revealed multidirectional cardiomyocyte contraction dynam-
ics in myocardial tissue. Intricate synchronization of
contractions between different layers of myocytes in the tis-
sue will be presented. The video-rate 3D microscopy opens
new possibilities of imaging fast biological processes in living
organisms.
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Spinning-disk confocal fluorescence
microspectroscopy: instrumental setup and features
Daniele Biglino™?, Zoran Arsov'?, Iztok Urbangic',

Tilen Koklié™?, Janez Strancar'?

" Jozef Stefan Institute, Condensed Matter Physics,
Laboratory of Biophysics, Ljubljana, Slovenia, 2Centre
of excellence CO-NAMASTE, Ljubljana, Slovenia

Confocal fluorescence microscopy is an invaluable tool to
study biological systems at cellular level also thanks to the
synthesis of always new specific fluorescent probes, e.g.
multiprobe labelling enables complex system characteriza-
tion. However, only the recent employment of narrowband
tunable filters overcomes the problems due to the use of the
broadband ones. The possibility of acquiring the emission
spectra in a spatially resolved way extends simple image
intensity studies into characterization of complex probe-
environment relationship through the sensitivity of fluores-
cence spectra to the local molecular environment
differences. Consequently, fluorescence microspectroscopy
(FMS) is able to provide the spectral information in a well
defined spatial region allowing the researcher to simulta-
neously obtain spatial and spectroscopic information. Our
instrument has been specially built to study live cells and
their interaction with nanomaterials, drug carriers and modi-
fied cell environment. Other main characteristics are
reducing the bleaching effect and employing a white light
source that does not limit the use to specific probes.
Graphical tools, such as colour coded images, have also
been introduced to provide explicit and straightforward visual
information.

P-325

High speed FPGA based multi-tau correlation for single-
photon avalanche diode arrays

Jan Buchholz'?, Jan Krieger'?, Agata Pernus’-?,
Edoardo Charbon®, Udo Kebschull®, Jérg Langowski?
"Equally contributing authors, 2German Cancer Research
Center, Biophysics of Macromolecules (B040), Im
Neuenheimer Feld 580, 69120 Heidelberg, Germany,
3Goethe-Universitét Frankfurt, Senckenberganlage 31,
60325 Frankfurt, Germany, “Technische Universiteit Delft,
Mekelweg 4, 2628 CD Delft, The Netherlands

With the evolving technology in CMOS integration, high-
density arrays of single-photon avalanche diodes (SPAD)
have become available. We use a 32x32 SPAD pixel array as
image sensor in a custom built Single Plane lllumination
Microscope for Fluorescence Correlation Spectroscopy
(SPIM-FCS). Our array can be read out at rates above
100kHz for full frames, thus enabling observation of fast
biophysical and -chemical processes at the microsecond
timescale. The time-dependent fluorescence fluctuations are
evaluated by means of an autocorrelation analysis for every
single pixel. To cover a wide range of lag-times, the multiple-
tau correlation algorithm is used. We implemented this
algorithm in a Field Programmable Gate Arrays (FPGA), a
reconfigurable integrated circuit. Due to their parallelism
these devices are ideally suited for such algorithms.
Our current hardware design is capable of calculating full

autocorrelation of all 1024 pixels in real-time for a given
frame-time of 10us. The same design can also be used for
cross-correlation. This enables us to observe diffusion
processes of the samples in real-time.
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FRET-Imaging to reveal cross-bridge dynamics in single
skeletal muscle fibres

V. Caorsi, D. Ushakov, N. Setta-Kaffetzi, M.A. Ferenczi
Molecular Medicine Section, NHLI, Imperial College London,
London SW7 2AZ, UK

We demonstrate the use of FRET-imaging (Forster Reso-
nance Energy Transfer) as an assay to directly monitor the
dynamics of cross-bridge conformational changes in single
fibres of skeletal muscle. We measured nm-distances of
several FRET pairs located at strategic positions to sense
myosin head conformational changes: we focused our
attention on the essential light chain, ELC (specifically
labelling a modified ELC and exchanging it with the natural
ELC of the fibre) and we investigated its interaction with the
SH1 helix, with the nucleotide binding pocket and with actin.
We characterized FRET in single rigor muscle fibres, deter-
mining distances in agreement with those from the
crystallographic data. The results demonstrate the viability of
the approach in sensing different FRET efficiencies over a
few nanometres, an essential requirement to follow the
expected small FRET variations in contracting muscle fibres.
We are now performing dynamic experiments on rigor and
active fibres by applying small stretch/release cycles to alter
the interaction distances (estimated time resolution of nearly
20ms/frame). In this configuration, it will be possible to
measure functional changes, shedding light on the myosin
head dynamics during contraction.

P-327
Direct visualization of CFTR conformation by atomic
force microscopy imaging
Carlotta Marasini'? Massimo Vassalli

CNR, Istituto di Biofisica, Genova, Italy, 2Fondazione per la
Ricerca sulla Fibrosi Cistica onlus, Verona, Italy
E-mail: carlottamarasini@gmail.com

Cystic Fibrosis (CF) is one of the recessive Mendelian
genetic diseases more popular in the world. There is no
decisive treatment for this disease and, only recently, an
effort to find pharmacological therapies for CF has been
carried out. This disease is caused by a mutation in the
gene encoding for the CF trans-membrane regulator
(CFTR) chloride channel present in epithelial cells. A full
knowledge of the CFTR structure and conformational
changes associated with the activation process would allow
a better understanding of the disease, possibly leading to
the identification of suitable drugs. Up to now a detailed
molecular structure of the first nucleotide binding domain
(NBD1) was determined by x-ray diffraction and an homol-
ogy model of the NBD1-NBD2 dimer was build and
successively extended to the complete CFTR. However, the
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quaternary organization of the protein is still controversial:
X-ray experiments suggest that isolated CFTR is organized
as monomer, whereas a dimeric organization is proposed
on the basis of electron microscopy reconstructions. In
addition, Schillers et al. (2004) used Atomic Force Micros-
copy (AFM) to image the cytoplasmic side of CFTR on
transfected Oocytes, showing the presence of peculiar
annular structures, probably associated to CFTR oligomers,
but never observing features comparable with the proposed
structures for monomers and dimers. The aim of our work is
to study CFTR in its natural environment, the plasma
membrane, to gather definite information about the native
organization of the channel and to open for future studies
on the putative functional role of the supramolecular orga-
nization of the channel in the plasma membrane that has
not yet been fully addressed. Atomic Force Microscopy
(AFM) imaging was performed on the cytoplasmic side of
cellular membranes extracted from fetal rat thyroid (FRT)
cells permanently transfected with CFTR. The protocol to
obtain flat and clean membranes, crucial to reach the
highest resolution in AFM images, was carefully assessed
by means of AFM and confocal microscopy. CFTR channels
were identified in the plasma membrane using an immu-
nogold labeling approach and the organization of their
quaternary structure was studied. Our preliminary results
indicate that several CFTR conformations co-exist in the
plasma membrane: monomers, dimers and annular rings.

P-328

Focal delivery of BDNF to cultured neurons with optical
tweezers

Elisa D’Este’, Gabriele Baj?, Giulietta Pinato’,

Enrico Tongiorgi2, Dan Cojoc’

1Istituto Officina dei Materiali IOM-CNR, Laboratorio TASC,
Trieste, Italy, 2Department of Life Sciences, University

of Trieste, Trieste, Italy

Focal stimulation of cultured neurons is crucial since it
mimics physiological molecules release. Indeed, the nervous
system finely tunes the activity of each synapse by regulating
the secretion of molecules spatially and temporally. Currently
used techniques have some drawbacks such as a poor
spatial resolution or a low flexibility. We propose a novel
approach based on Optical Tweezers (OT) [1] to overcome
these limitations.

OT allow an ease manipulation with sub-micrometric preci-
sion of silica beads, which can be functionalized with any
protein. For a proof-of-principle study we coated 1,5um large
beads with Brain-Derived Neurotrophic Factor (BDNF) or
Bovine Serum Album (BSA) as control. We showed that a
single bead was able to activate the BDNF receptor TrkB,
inducing its phosphorylation. Moreover BDNF beads but not
control beads were able to induce c-Fos translocation into
the nucleus [2], indicating that the whole pathway was acti-
vated. Finally, we positioned vectors in proximity to the
growth cones of cultured hippocampal neurons [3]. Control
beads didn’t affect the normal development of these struc-
tures while BDNF beads significantly did. These findings
support the use of the OT technology for long-term, localized
stimulation of specific subcellular neuronal compartments.

@ Springer

[11 K. C. Neumann and S. M. Block (2004). “Optical
trapping.” Rev. Sci. Instrum. 75, 2787-2809.

[2] Reichardt, L.F. (2006). “Neurotrophin-regulated signal-
ling pathways.” Philos Trans R Soc Lond B Biol Sci.
361(1473):1545-64

[3] K. Shen and C. W. Cowan, “Guidance Molecules in
Synapse Formation and Plasticity” Cold Spring Harb
Perspect Biol. 2010 Apr 1;2(4)
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Optical nanoscopy and individual molecule

localization with focused light under linear

and non linear regimes

Alberto Diaspro, Paolo Bianchini, Francesca Cella Zanacchi,
Benjamin Harke, Silvia Galiani, Zeno Lavagnino, Jenu
Chacko, Emiliano Ronzitti

IIT — Istituto Italiano di Tecnologia, Genova, ltaly, LAMBS-
MicroScobio and Department of Physics, University

of Genoa, Italy

A recognized advantage of optical microscopy lies in the fact
that allows non-invasive three-dimensional (3D) imaging of
live cells at the submicron scale with high specificity. The
advent of the visible fluorescent proteins and of a myriad of
fluorescent tags pushed fluorescence microscopy to become
the most popular imaging tool in cell biology. The confocal
and multiphoton versions of fluorescence microscopy rein-
force this condition. In general, is a well-known paradigm the
given inability of a lens-based optical microscope to discern
details that are closer together than half of the wavelength of
light. Recently, the viewpoint for improving resolution moved
from optical solutions to the side of the fluorescent molecule
to be detected. Today, for the most popular imaging mode in
optical microscopy, i.e. fluorescence, the diffraction barrier is
crumbling and the term “optical nanoscopy”, coined earlier,
comes to be a real far field optical microscope available for
the scientific community as the ones allowing individual
molecule localization at high precision. Here we discuss
about architectures, calibrations and applications of targeted
and stochastic readout methods using both single and mul-
tiphoton excitation.

Work supported by IIT, IFOM and Italian PRIN 2008JZ4MLB.
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Fluorescence resonance energy transfer analysis

of nuclear proteins by laser scanning cytometry

Doan Xuan Quang Minh, Nikoletta Szaloki,

Gyorgy Vamosi and Zsolt Bacsé

University of Debrecen, Medical and Health Science Center
Department of Biophysics and Cell Biology, Debrecen,
Hungary

Defining location and nature of the interactions between
molecular species in living cells is hampered by the limited
resolution of the employed instruments. We present here a
slide—based cytometric method of fluorescence resonance
energy transfer analysis that utilizes spectral properties of
cyan and yellow fluorescent proteins as markers to investi-
gate the interaction of Fos and Jun transcription factors in



Imaging and optical microscopy

S$125

substratum attached cells. FRET was measured by a laser
scanning imaging cytometer which combines the advantages
of flow cytometry with those of the image analysis system.
Large number cells was automatically identified, their fluo-
rescence data and digital images were determined on cell by
cell basis. FRET efficiencies of CFP and YFP tagged Fos-
Jun heterocluster pairs was 8.35+3.00% representing
6.98nm proximity of Fos-Jun protein terminals. The back-
ground FRET efficiency due to spectral crosstalk in the
absence of molecular interaction was 0.42+0.64%. On
population level the applied transfection method provides
FRET events with low efficiency, FRET signals from Fos-Jun
protein pairs, however, were clearly located in the nuclei of
the cells.
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Chromosome imaging: fluorescence in situ
hybridisation (FISH) in human peripheral blood
lymphocytes

A. Durgaryan', S. Sommer?

"H.Buniatian Institute of Biochemistry, Yerevan, Armenia,
2German Research Centre for Heavy lon Physics (GSI),
Darmstadt, Germany

Fluorescence in situ hybridisation (FISH) relies on the
hybridisation of labelled DNA probes in a complementary
way and allows direct visualization of chromosome region of
interest. Study aimed to describe FISH technique application
in human peripheral blood lymphocytes for further use in
radiobiological investigations. The whole chromosome 2XCP
probe for chromosome 2 (MetaSystems, Germany), 6921/
Alphasatellite Cocktail probe for chromosome 21 telomeric
and centromer region (Q-biogene) and Telomere PNA Probe/
Cy3 (Dako) for telomeric regions were applied on lympho-
cytes slides. Samples were counterstained with DAPI +
Antifade solution. Localisations of above mentioned specific
probes were analyzed with Olympus fluorescent microscope
and ISIS software (MetaSystems, Germany) on 100 metha-
phases for each samples using DAPI and FITC filters. Cells
with good signals for each of applied probes were scored. It
was showed that 2XCP probe for chromosome 2 and Telo-
mere PNA Probe/Cy3 for telomeric regions worked very
efficiently and could be recommended for further analysis.
Most of the cells hybridised with 6g21/Alphasatellite Cocktail
probe had splited signal, especially in case of green signal
(centromer region) and eventual modification of protocols for
this type of cells may be proposed.
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Visualization of subcellular localization of pro/anti -
apoptotic factors after Hypericin induced photodynamic
treatment

L. Dzurova', V. Huntosova', D. Petrovajova’,

F. Sureau?, P. Miskovsky', Z. Nadova'

"Department of Biophysics P. J. Safarik University, Kosice,
Slovakia, 2ANbioPhy CNRS UMR 7033, University Pierre
and Marie Curie, Paris, France

Hypericin (Hyp) is a highly hydrophobic plant pigment with
photosensitizing properties. Hyp localization inside cell plays

a key role of its photoactivity, due to the singlet oxygen
production, which has a very short lifetime (ns-us, depending
of Hyp environment). Hyp sub-cellular localization depends
on its concentration in the medium, incubation time and used
delivery system.

Variations in activity of Protein Kinase C, (anti-apoptotic
PKCua and pro-apoptotic PKC9) in correlation with the activity
of Bcl-2 protein, cytochrome c release from mitochondria and
decreasing of mitochondrial membrane potential after pho-
todynamic action were monitored. The study was performed
for two different delivery modes of Hyp to U- 87MG glioma
cells- Hyp alone (membrane diffusion) vs. Hyp loaded in low
density lipoprotein (LDL) (endocytosis). Confocal fluores-
cence microscopy, flow-cytometry and specific fluorescence
labeling were used as main experimental techniques. Our
results show that Hyp photoaction strongly affects apoptotic
response of the cells and that the dynamics of this action
significantly depends on used delivery system. Correlation
analysis between the monitored parameters (see above)
determined for both delivery system is presented and criti-
cally discussed.
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Correlative dynamic optical microscopy

(TL, FRAP, FCS, FLIM) to decipher medical

biofilm reactivity
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Briandet®, Karine Steenkeste'? Marie-Pierre Fontaine-
Aupart'?
"Institut des Sciences Moléculaires d’Orsay (ISMO), CNRS
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Surface contamination by bacteria is a natural and sponta-
neous process occurring in any natural environment on
biotic (mucosa, tissues...) and abiotic surfaces (medical
equipments, food surfaces...). Whatever the bacterial nature
(Gram-positive or -negative), the environmental fluid (air,
water, blood...) and the receptor surface (implants, medical
equipments, food surfaces...), the surface contamination
initiated by the first adherent bacteria can evolve to a three
dimensional structure named biofilm (cohesive bacteria
assembly ensured by an autoproduced extracellular organic
matrix). The mechanisms by which these biofilms offer pro-
tective environment to viral particles or hypertolerance to
antimicrobial action are not yet elucidated. To reach a better
understanding of biofilm reactivity, we reported for the first
time successful applications of correlative time-resolved
optical microscopy approach by time-lapse (TL), FRAP, FCS,
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FLIM, for real-time analysis of molecular mobility and reac-
tion inside biofilms. By means of non-biological or biological
(virus, biocides and antibiotics) reactive compounds, signifi-
cant advances to understand the roles of the extracellular
matrix and bacteria physiological properties were obtained,
an important step to improve pathogenic biofilm inactivation.
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Towards skin cancer diagnostics by two-photon
microscopy

Albrecht Haase', Francesco Tessarlo’, Claudia Caldini’,
Paolo Bauer?, Guiseppe Zumiani?, Sebastiana Boi®, Renzo
Antolini’

'BIOtech Research Centre and Physics Department,
University of Trento, Mattarello, Italy, 2Department

of Dermatology, APSS, S. Chiara Hospital, Trento, Italy,
3Department of Histopathology, APSS, S. Chiara Hospital,
Trento, Italy

Here we present a feasibility study to develop two-photon
microscopy (2PM) into a standard diagnostic tool for non-
invasive, skin cancer diagnosis. The goal is defining experi-
mental parameters to maximize image quality of optical
biopsies in human skin, while avoiding tissue damage.
Possible diagnostic indicators will be compared for healthy
tissue, benign, and malignant melanocytic lesions.

We report on preliminary results of a study on 2PM imaging
of “ex-vivo” biopsy samples, were autofluorescence inten-
sity and contrast between lesion and surrounding tissues
were optimised varying excitation wavelength, detection
band, and dispersion pre-compensation. Moreover, we
determined modulation functions for laser power and
detector gain to compensate losses in deep tissue imaging.
As the main process of photo-damage, thermo-mechanical
modifications were quantified and damage threshold powers
were determined.

In order to image structural changes in ordered tissue like
collagen fibres, second-harmonic generation signals were
recorded and optimised.
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In-vivo two-photon imaging of the honeybee antennal
lobe

Albrecht Haase', Elisa Rigosi**, Gianfranco Anfora®, Claudio
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"BIOtech Research Centre and Physics Department,
University of Trento, Mattarello, Italy, 2CIMeC, Centre
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E. Mach, San Michele all’Adige, Italy, “Center for Systems
Biology and Center for Molecular Imaging Research,
Massachusetts General Hospital, Harvard Medical School,
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We adapted a two-photon microscope for in-vivo imaging of
the honeybee olfactory system, focusing on its primary
centres, the antennal lobes. The setup allowed obtaining
both 3D-tomographic measurements of the antennal lobe
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morphology and time-resolved in-vivo calcium imaging of its
neuronal activity.

The morphological data were used to precisely measure the
glomerular volume in both sides of the brain, investigating the
question of volumetric lateralization. Functional calcium imag-
ing allowed to record the characteristic glomerular response
maps to external odour stimuli applied to the bees’ antennae.
Compared to previous neural imaging experiments in the
honeybee, this work enhanced spatial and temporal resolution,
penetration depth, and it minimized photo-damage. Final goal
of this study is the extension of the existing functional atlases of
the antennal lobe to 3D and into the temporal dimension by
investigating the time-resolved activity pattern.
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Fluorescent analysis of apoptosis induced

by Pseudomonas aeruginosa in endothelial cells

F. lordache’, C. lordache?, M. Lixandru, ?A. Holban®,

C. Bleotu®, V. Lazar®, C. Chifiriuc®, H Maniu’

TInstitute of Cellular Biology and Pathology “Nicolae
Simionescu”, Bucharest, Romania, National Institute

for Research and Development in Microbiology

and Immunology Cantacuzino, Romania, >Faculty of Biology,
University of Bucharest, Romania

A consequence of invasion by an intracellular pathogen is
apoptosis of the host cell, usually observed in phagocytic
cells. The aim of this study was to evaluate if Pseudomonas
(P) aeruginosa, although not considered a classic intracel-
lular pathogen, could induce apoptosis in endothelial cells
(EC). Strains were evaluated for virulence factors expression:
pore forming toxins (haemolysins, lecithinases, lipases),
proteases (caseinases, gelatinasse), DNA-ses, mucinases.
The adherence and invasion capacity of P. aeruginosa to EC
was done using Cravioto’s method. For detection of apoptosis
was used acridine orange/ethidium bromide staining. The
qualitative assay of bacterial adherence to cellular substrate
reveled that all tested strains adhered to EC, exhibiting a
diffuse, aggregative or mixed diffuse-aggregative pattern and
20-70% adherence rates. Cell free culture of P. aeruginosa
did not determine a cell death response, but in case of whole
bacterial culture, acridine orange/ethidium bromide staining
showed the capacity to induce apoptosis of EC, fluorescent
microscopy revealed the chromatin condensation, frag-
mented nuclei, membrane blebbing, and apoptotic bodies. P.
aeruginosa have the ability to adhere and invaded EC and to
induce morphological changes, including apoptosis.
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Photo-toxicity of near-infrared voltage sensitive
fluorescent dyes

Giedrius Kanaporis', Jonas Jurevicius', Irma Martisiene’,
Ruta Vosyliute, Antanas Navalinskas', Rimantas Treinys’,
Arvydas Matiukas?, Arkady M. Pertsov?
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Lithuania, 2SUNY Upstate Medical University, Syracuse,
NY, USA

The use of voltage sensitive fluorescent dyes (VSD) for
noninvasive measurement of the action potential (AP) in



Imaging and optical microscopy

S$127

blood perfused heart have been hindered by low interroga-
tion depth, high absorption and auto-fluorescence of cardiac
tissue. These limitations are diminished using new near
infrared (NIR) VSD (di-4-ANBDQBS). Here we validated
toxicity and photo-toxicity of these dyes in guinea pig and
human cardiac muscle slabs.

Application of NIR VSD showed no effect on cardiac muscle
contraction force or relaxation. Optical action potentials
closely tracked kinetics of microelectrode recorded APs in
both field and electrode stimulated preparations. For photo-
toxicity assessment dye (50 pM) preloaded cardiac slabs
were exposed to prolonged laser radiation of various power.
Microelectrode AP recordings show that exposure to pro-
longed laser radiation (10min.; 2mW/mm?) of dye loaded
tissue had no statistically significant effect on APD50 or
conduction velocity, thus indicating no or weak photo-tox-
icity on the NIR VSD. In contrast, exposure to 5 min. laser
radiation of phototoxic dyes (mitotracker deep-red) pre-
loaded tissue caused significant reduction in APD50 (by
13%) and conduction velocity (30%). Thus, due to the low
photo-toxicity, NIR VSD are well suited for in vivo cardiac
imaging.
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Morphological analysis of spores with various
microscopic techniques in Streptomyces coelicolor

K. Kovacs'?, G. Madar', L. Matyus', A. Jenei', A. Penyige®
"University of Debrecen, Department of Biophysics and Cell
Biology, Hungary, 2University of Debrecen, Department

of Human Genetics, 4032 Debrecen, Egyetem tér 1, Hungary

Streptomycesetes are filamentous Gram-positive soil bacte-
ria well known for their complex morphological development
and secondary metabolite production. During their life cycle
spores germinate to form a network of hyphae, which later
develops into aerial mycelium when cross-walls are gener-
ated and spores are formed. We have examined and
compared the last stage of the differentiation process in a
wild-type S. coelicolor (M145) and its 4cabB mutant lacking a
calmodulin-like calcium binding protein.

The strains were grown on four kinds of media: SMMS,
SMMS with 10 % saccharose, R5 and R5 with reduced cal-
cium in order to study the effect of environment and osmotic
stress on the sporulation of the two strains to assess the
function of CabB protein.

From the cultures pictures were taken at 48 hours and after 7
days using phase contrast, atomic force and confocal laser
scanning microscope and the sizes of spores were
measured.

Our results showed that the AcabB mutant made smaller
spores, its differentiation and stress response were slower.
We could conclude from it that the aberrant protein slows the
metabolism, the signal transduction and has effects on
sporulation, septation and air-mycelium formation. Based on
it we can tell that the CabB has a significant role in normal
development.
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Implementation of dual auto- and cross correlation
function calculation for FCS/FCCS measurements

by FPGA

Balazs Kreith, Gabor Mocsar, Sandor Damjanovich,
Gyorgy Vamosi

Biology and Signaling Research Group of the Hung. Acad.
Sci. and Dept. of Biophysics and Cell Biology, Medical
and Health Science Center, Univ. of Debrecen, Hungary

Fluorescence correlation and crosscorrelation spectroscopy
have become widely used techniques for studying the diffu-
sion and interactions of molecules. From a combination of
autocorrelation (ACF) with dual color crosscorrelation func-
tions (XCF) a more complex picture can be gained about the
diffusing species and their interactions. Most hardware cor-
relator cards lack the capacity to calculate auto- and
crosscorrelation functions and store raw data simulta-
neously. Here we present a new approach to calculate ACFs
and XCFs online simultaneously by using the multiple tau
and multiple sampling time algorithm implemented on a field
programmable gate array (FPGA, National Instruments).
Although the FPGA has strict source restriction, the number
of available correlation functions can be multiplied by using
this new approach. Thus the dual ACF and dual XCF can be
calculated for continuous illumination. For calculation of
the desired correlation functions a series of interconnected
linear correlator blocks were implemented. The first 16 cor-
relator blocks had a minimal lag time of 50 ns, followed by 23
blocks of 8 correlators with stepwise doubled sampling times.
The new approach is based on the interleaved scheduling of
the execution of linear correlator blocks.
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Single plane illumination fluorescence correlation
spectroscopy using high speed image sensors

Jan Krieger', Jan Buchholz'?, Agata Pernus'?, Lucio
Carrara®, Edoardo Charbon?®, Jérg Langowski'

"Equally contributing authors, ’German Cancer Research
Center, Biophysics of Macromolecules (B040), Im
Neuenheimer Feld 580, D-69120 Heidelberg, Germany,
3Technische Universiteit Delft, Mekelweg 4, 2628 CD Delft,
The Netherlands, “ESPROS, Zug, Switzerland

The mobility and reaction parameters of molecules inside
living cells can be conveniently measured using fluorescent
probes. Typically fluorescence correlation spectroscopy
(FCS) based on confocal microscopy is used for such mea-
surements. This implies high time-resolution but only for a
single spot at a time. In order to achieve a high time-reso-
lution at multiple spots, we built a single plane illumination
microscope (SPIM) equipped with high-speed image acqui-
sition devices and a high-NA detection optics. This allows us
to do parallel FCS measurements in a thin plane (width ~
2-3 pm) of the sample. Our setup is equipped with a fast
EMCCD camera (full frame time resolution 2000us) and a
32x32 pixel array of SPADs. The SPAD array has a full
frame time resolution of 3-10us, which is even fast enough to
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resolve the typical motion time-scale of small molecules (like
eGFP) inside living cells. The performance of the system is
characterized by diffusion measurements of water-soluble
fluorescent beads, as well as FCS measurements in living
cells. Our data acquisition system uses programmable
hardware for some tasks and is fast enough to allow real-time
correlation of 1024 pixels, as well as saving the complete
dataset for later evaluation.
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Cryo-EM of membranes and membrane proteins
Werner Kihlbrandt

Max-Planck-Institute of Biophysics, Max-von-Laue-Str.3,
60438 Frankfurt am Main, Germany

Electron cryo-microscopy (cryo-EM) covers a larger size range
than any other technique in structural biology, from atomic
resolution structures of membrane proteins, to large non-
crystalline single molecules, entire organelles or even cells.
Electron crystallography of two-dimensional (2D) crystals
makes it possible to examine membrane proteins in the
quasi-native environment of a lipid bilayer at high to moder-
ately high resolution (1.8-8A). Recently, we have used
electron crystallography to investigate functionally important
conformational changes in membrane transport proteins
such as the sodium/proton antiporters NhaA and NhaP, or
the structure of channelrhodopsin.

“Single particle” cryo-EM is well suited to study the structure
of large macromolecular assemblies in the 3.3 to 20A reso-
lution range. A recent example is our 19A map of a
mitochondrial respiratory chain supercomplex consisting of
one copy of complex 1, two copies of complex I, and one of
complex IV. The fit of the x-ray structures to our map indi-
cates short pathways for efficient electron shuttling between
complex | and Il by ubiquinol, and between complex Il and
IV by cytochrome c.

Electron cryo-tomography can visualize large protein com-
plexes in their cellular context at 30-50A resolution, and thus
bridges the gap between protein crystallography and light
microscopy. Cryo-ET is particularly suitable for studying bio-
logical membranes and large membrane protein complexes
in situ. We found that long rows of ATP synthase dimers along
ridges of inner membrane cristae are an ubiquitous feature of
mitochondria from all 6 species we investigated (2 mammals,
3 fungi, 1 plant). The proton pumps of the respiratory chain
appear to be confined to the flat membrane regions on either
side of the ridges. This highly conserved pattern suggests a
fundamental role of the mitochondrial cristae as proton traps
for efficient ATP synthesis.

References:

Single-particle analysis:

Gipson P, Mills D, Wouts R, Grininger M, Vonck J, Kiihlbrandt
W (2010): Direct structural insight into the substrate-shuttling
mechanism of yeast fatty acid synthase by electron cryomi-
croscopy. Proc Natl Acad Sci USA 107, 9164-9169
Electron crystallography:

Kahlbrandt W, Wang DN, Fujiyoshi Y (1994): Atomic model
of plant light-harvesting complex by electron crystallography.
Nature 367, 614-621.
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Modeling the red blood cell shapes for holographic
imaging

Mona Mihailescu’?, Eugen Scarlat?, Mihai Kusko'
"National Institute for Research and Development

in Microtechnologies (IMT-Bucharest), Bucharest, Romania,
2Politehnica University of Bucharest, Bucharest, Romania

E-mail: mona_m@physics.pub.ro

Digital holographic microscopy is a label free, noncontact,
nonintrusive and nondestructive technique which gives
quantitative information about phase shift introduced by the
transparent samples. From one single hologram, without
mechanical scanning in the experimental setup, we recon-
struct the amplitude and the phase, which allow 3D imaging
of the sample with nanometer accuracy along propagation
axis. On the CCD camera, we record the diffraction pattern of
the sample, superposed with the reference beam. The study
is focused on investigating the iso-intensity curves in the
diffraction pattern coming from the phase-only transmission
functions which contain oblate spheroid models for the red
blood cell (RBC) shapes. In simulations, the values interval
for dimensions and refractive indices are in concordance with
the real ones, in different situations. The experimentally dif-
fraction patterns in given conditions are obtained using
spatial light modulator. Results obtained in Fresnel approxi-
mation will be used as preprocessing observations in our
microfluidic applications. Results obtained in Fraunhofer
approximation can be used in ektacytometry.

This research is financed by the contract POSDRU/89/1.5/S/
63700 and equipments is acquired by romanian contract
4/CP/1/2007-2009 Capacities.
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Rational design and applications of photoconvertible
and bi-photochromic fluorescent proteins

Benjamien Moeyaert', Virgile Adam’, Charlotte C. David’,
Hideaki Mizuno', Mickaél Lelimousin?, Peter Dedecker”,
Ryoko Ando®, Atsushi Miyawaki®, Jan Michiels', Yves
Engelborghs' and Johan Hofkens'

"Katholieke Universiteit Leuven, Leuven, Belgium,
2University of Oxford, Oxford, UK, 3RIKEN Brain Science
Institute, Wako-city, Japan

Advanced fluorescence imaging, including subdiffraction
microscopy, relies on fluorophores with controllable emission
properties. Chief among these fluorophores are the on/off
photoswitchable  and  green-to-red  photoconvertible
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fluorescent proteins. IrisFP was recently reported as the first
fluorescent protein to combine irreversible photoconversion
from a green-emitting to a red-emitting state with reversible
on/off photoswitching in both the green and red states. The
introduction of this protein resulted in new applications such
as super-resolution pulse-chase imaging, but the properties
of IrisFP are far from being optimal from a spectroscopic point
of view and its tetrameric organization complicates its use as
a fusion tag. We have demonstrated how four-state optical
highlighting can be rationally introduced into photoconvertible
fluorescent proteins by developing and characterizing a new
set of such enhanced optical highlighters derived from mEo-
sFP and Dendra2. One of these, which we called NijiFP, was
identified as a promising new multi-photoactivatable fluores-
cent protein with optical properties that make it ideal for
advanced fluorescence-based imaging applications.
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Synthesis and optical properties of ultrasmall inorganic
optical markers based on lanthanides emission for bio-
medical applications

A. Podhorodecki, M. Banski, J. Misiewicz

Institute of Physics, Wroclaw University of Technology,
Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland

Introducing to medicine and biology concept of optical markers
in tremendous way has changed the recent status of these two
important disciplines. This was mainly due to strong develop-
ment in imaging techniques which recently allow us to
investigate both static as well dynamic properties of living cells,
their components and their interactions with external factors.
Recently used molecular markers including organic dyes,
fluorescent proteins or chelates containing lanthanide ions
have several significant limitations. One of the alternatives
for molecular markers are inorganic quantum dots (ie. CdSe,
CdS) which are recently commonly used in many academic
works. However, even if they are much better from physico-
chemical point of view, from the application point of view at
this moment they are rather useless mainly because of their
high risk of toxicity. One of the solution combining advanta-
ges of both concepts is to make nontoxic inorganic
nanocrystals doped by lanthanide ions.

In this work, we will present optical results obtained for NaYF,
nanocrystals doped by different lanthanide ions. The aim of
this work was to design and to synthesize these markers and to
understand physical processes responsible for their emission
and to optimize these processes to the physical limits.
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Natural killer cells fate at the draining lymph nodes:

a physical portrait of the biological contest

L. Sironi’, M. Caccia'?, N. Gritti", T. Gorletta®, I. Zanoni?,
C. Salvetti', S. Pozzi', S. Freddi', S. Daglio®, C. E. Villa",
M. Collini’, L. D’Alfonso?, F. Granucci?, G. Chirico’

"Dep. Physics, Universita degli Studi di Milano-Bicocca, Italy,
2Dept. Biotechnology and Biosciences, Universita degli Studi
di Milano-Bicocca, Italy

Intravital microscopy has fostered a full blown of publication
regarding the behavior of cells in different tissues and
physiological conditions. However, a few papers describe

how the motility parameters can be used to understand
whether an interaction is occurring and, on balance, the
distinction between interacting and non interacting cells is
performed visually on the image time stack.

Here we describe a multi-parameter approach that allows to
discern among different cell behaviors on an objective ground
and we demonstrate its effectiveness valuating the mutual fate
of Natural Killer (NK) and Dendritic (DC) cells at the draining
lymph-nodes in inflammatory and stationary conditions.

The method is time saving and allows a wide scale charac-
terization of the lymphocyte tracks and to build up statistics of
the cell-cell interaction duration. This has allowed the
development of a numerical model of the NK-DC interaction,
based on a molecular-stochastic dynamic approach, whose
output can be directly compared to the data. The Smolu-
chowsky equation is resolved for two superimposed radial
potentials irradiating from the DC cells and describing the
short and long range DC-NK interaction mediated by different
types of interleukins.
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Time-resolved Raman imaging of malarial hemozoin
Nicholas Isaac Smith!, Katsumasa Fujita?, Kota Nishibe?,
Satoshi Kawata?, Cevayir Coban®

"Biophotonics Laboratory, Immunology Frontier Research
Center (IFReC), Osaka University, Japan, ?Department
of Applied Physics, Grad. School of Engineering, Osaka
University, Japan, *Malaria Immunology Laboratory,
Immunology Frontier Research Center (IFReC), Osaka
University, Japan

Hemozoin is formed during malaria infection of red blood
cells, the malaria parasite cleaves hemoglobin, leaving free
heme which is then toxic to the parasite. The free heme is
then bio-crystalized to form hemozoin which allows the par-
asite to remain viable. The hemozoin is released during the
breakdown of the red blood cells, is small and can be difficult
to resolve spatially. Since it contains an abundance of heme
protein, which has a strong absorbance at 532 nm, it can be
readily detected and tracked by using resonant Raman
scattering spectroscopy. Here we use slit-scanning confocal
Raman imaging to detect the hemozoin and resolve it against
the background molecules. Inside a red blood cell, hemo-
globin is the strongest background signal since it also
contains large amounts of heme. Nevertheless, the discrim-
ination is possible, and the time-resolved observation of
hemozoin is an important tool to understand effects of
malaria since the hemozoin can trigger the immune response
and cause inflammation in tissue.
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Superresolution optical microscopy of isolated cardiac
mitochondrial proteins

Stefani Enrico, Singh Harpreet, Gardeazabal Rodriguez
Pedro F., Lu Rong, Bopassa Jean C., Wu Yong, and

Toro Ligia

University of California, Los Angeles, Los Angeles, CA
90095-7115, USA

To study the structural organization of mitochondrial proteins,
we applied Stimulated Emission Depletion (STED)
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microscopy in isolated mitochondria. In STED microscopy,
two laser beams are used: one for excitation of fluorophores
and the other, with doughnut shape, to deplete them in order
to allow fluorescence emission only from the excited volume
located at the doughnut's center. Using a custom-made
STED, we achieved a lateral resolution of ~20 nm in images
of purified mitochondria, where we investigated the locali-
zation pattern and distribution of Cox 4 and VDAC1 proteins,
and confirmed the existence of Na/Ca®* exchanger. Results
show that Cox 4 proteins are distributed in clusters of ~20
and ~28 nm; whereas VDAC1 displays four size distribu-
tions of ~22, ~33, ~55 and ~83 nm. We have
demonstrated that protein clusters in the mitochondria can be
resolved with a separation power of ~20 nm, and that it is
possible to retrieve quantitative information about their clus-
ter sizes. This approach can be extended to other proteins in
mitochondria and subcellular organelles and to investigate
disease-induce changes in mitochondrial protein distribution.
Supported by NIH and AHA.
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Integrin-dependent activation of the JNK signaling
pathway in live cells by mechanical stress

Andrea Maria Pereira’3, Cicerone Tudor®®, Johannes S.
Kanger?, Enrique Martin-Blanco' and

Vinod Subramaniam?

TInstituto de Biologia Molecular de Barcelona (CSIC), Parc
Cientific de Barcelona, Spain, 2Nanobiophysics, MESA+
Institute for Nanotechnology & MIRA Institute for Biomedical
Technology and Technical Medicine, University of Twente,
Enschede, The Netherlands, 3These authors contributed
equally to the reported work

Mechanical force is known to modulate the activity of the Jun
N-terminal kinase (JNK) signaling cascade. However, it is not
known how this activation is regulated in vivo. We assessed
in real-time the activity of the JNK pathway in Drosophila
S2R+ cells by Fluorescence Lifetime Imaging Microscopy
(FLIM) using an intramolecular phosphorylation-dependent
dJun-FRET (Fluorescence Resonance Energy Transfer)
biosensor. We found that Drosophila S2R+ cells plated on
different substrates showed distinct levels of JNK signaling
that associate with differences in cell morphology, stiffness,
and integrin and focal adhesion organization. Quantitative
FRET-FLIM analysis also revealed the sustained activation
of the JNK pathway in response to multidirectional static
stretch. Importantly, this was contingent on the presence of
functional integrins in focal adhesions but not on Talin. In
contrast, at rest, both integrins and Talin suppressed JNK
activation. Our results showing sustained JNK activation and
stable cell morphology changes in response to mechanical
stretch suggest that alterations in the cytoskeleton and
matrix attachments may act as regulators of JNK signaling
and that this property itself might feed back to modulate cell
adhesion and the cytoskeleton. This dynamic system is
highly plastic; at rest focal adhesions and Talin are key
factors in modulating JNK activity, while mechanical stretch
leads to a Talin-independent JNK activation. The level of
JNK activity seems to be a major element, but not the only
one, in the regulation of the cytoskeleton and cell shape
remodeling associated with stretch. Finally, in combination
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with RNA silencing experiments we have been able to dis-
sect the signal transduction pathway for mechanical stress
in this system.
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Direct mapping of nanoscale compositional connectivity
on intact cell membranes

Thomas S. van Zanten', Jordi Gémez?, Carlo Manzo',
Alessandra Cambi®, Javier Buceta*, Ramon Reigada?, Maria
F. Garcia-Parajo’

BioNanoPhotonics group, IBEC-Institute for Bioengineering
of Catalonia, Barcelona, Spain, ?Departament de Quimica-
Fisica, Universitat de Barcelona, Barcelona, Spain,
3Department of Tumor Immunology, NCMLS, Radboud
University Nijmegen Medical Center, Nijmegen, The
Netherlands, 4Computer Simulation and Modeling
(Co.S.Mo.) Lab, Barcelona Science Park, Barcelona, Spain

Lateral segregation of cell membranes is accepted as a main
mechanism for cells to regulate a diversity of cellular func-
tions. In this context, lipid rafts have been conceptualized as
organizing principle of biological membranes where under-
lying cholesterol-mediated selective connectivity must exist
at the resting state. However, such a level of nanoscale
compositional connectivity has been challenging to prove.
We used single-molecule near-field scanning optical
microscopy (NSOM) to visualize the nanolandscape of raft
ganglioside GM1 after tightening by its ligand cholera toxin
(CTxB) on intact cell membranes. We show that CTxB
tightening of GM1 is sufficient to initiate a minimal raft coa-
lescence unit, resulting in the formation of cholesterol-
dependent GM1 nanodomains <120nm in size. Simulta-
neous dual color high-resolution images revealed that GPI
anchored proteins were recruited to regions proximal
(<150nm) to CTxB-GM1 nanodomains without physical
intermixing. Together with in-silico experiments, our high-
resolution data conclusively demonstrate the existence of
raft-based interconnectivity at the nanoscale. Such a linked
state on resting cell membranes constitutes thus an obliga-
tory step towards the hierarchical evolution of large-scale raft
coalescence upon cell activation.
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X-ray spectro-microscopy at ID21: mapping of elements
and chemical states at subcellular level

G. Veronesi', M. Salomé', B. Fayard'?, H. Castillo-Michel®,
E. Koudouna®, A. Quantock®, M. Cotte'*

"European Synchrotron Radiation Facility, B.P.220, 38043
Grenoble Cedex, France, %Laboratoire de Physique des
Solides, UMR 8502- Bat 510, Université Paris Sud, 91405
Orsay cedex, France, 3Structural Biophysics Group, School
of Optometry and Vision Sciences, Cardiff University, Cardiff
CF24 4LU, Wales, UK, *C2RMF, CNRS UMR 171, Palais du
Louvre, 14, Quai F. Mitterrand, F-75001 Paris, France

Microscopy techniques at sub-micron resolution are key tools
for research in life sciences, and one of their most desirable
features is elemental sensitivity. The beamline ID21 of the
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European Synchrotron Radiation Facility [1] hosts a Scan-
ning X-ray Microscope (SXM) for X-ray fluorescence spectro-
microscopy: its relatively wide energy range (2-9.2 keV) and
the small X-ray beam size (0.3x0.7 pm?, achieved by means
of Zone Plate or Kirk-Patrick Baez mirror focusing) allow to
image elemental distributions at cellular and sub-cellular
resolution, with sensitivity to trace elements down to a few
ppm. Furthermore, the chemical state of a selected element
can be determined by means of micro-X-ray-Absorption
Spectroscopy (uXAS).

Molecular mapping with ~5um lateral resolution can as
well be achieved on ID21, thanks to a Synchrotron-Radi-
ation (SR) FTIR-microscope: the combination of SXM and
SR-FTIR provides a set of complementary information
necessary to investigate the physics and chemistry of
biosystems.

The experimental capabilities of the beamline and its ver-
satility (wide variety of sample environments and detection
systems) will be presented, together with examples of
applications, notably to stem cells research.

[1] M.Salomé et al (2009), J. Phys.: Conf. Ser. 186, 012014
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Inside the polyribosome by super-resolution
microscopies

G. Viero', L. Lunelli?, P. Bianchini®, N. Arseni’,

A. Diaspro®, R. Gilbert*, C. Pederzolli?, A. Quattrone’

"L aboratory of Translational Genomics, Centre for Integrative
Biology, University of Trento Via delle Regole 101 38123
Mattarello, Italy, 2Center for Materials and Microsystems,
Fondazione Bruno Kessler, Povo (Trento), Italy,
3Nanophysics, lIT-ltalian Institute of Technology, 16163
Genova, ltaly, *Division of Structural Biology, Henry
Wellcome Building for Genomic Medicine, Oxford, OX3 7BN,
UK

During translation initiation, the 5’ cap and the 3’ poly(A) tail
of a eukaryotic mRNA are recognized by elF4E and PABP
(poly(A)-binding protein), respectively. Both yeast and human
elF4E interact with elF4G, elF4A and elF4B forming the
elF4F complex. This 5 cap complex cooperates with the
poly(A) tail to promote a functional circularization of mRNA,
which is necessary for efficient translation by bridging of its 5’
and 3’ termini by the protein-protein interaction. Despite
biochemical and genetic evidences demonstrate the inter-
action of elF4G and Pab1, up to now the imaging information
on these proteins and their relationship with the mRNA, the
native closed-loop and the organization of the UTRs in the
polysome are completely lacking. Here, we focus on these
fundamental topics by integrating three different high reso-
lution imaging approaches by comparing images of native
human polysomes obtained by Atomic Force Microscopy,
cryo-EM and STED microscopy.
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Optical signal interrogation depth in Tyrode and blood-
perfused myocardial tissue

Giedrius Kanaporis1, Jonas Jurevicius', Antanas
Navalinskas', Ruta Vosyliute', Arvydas Matiukas?,

Bogdan G. Mitrea?, Arkady M. Pertsov?

" ithuanian University of Health Sciences, Kaunas,
Lithuania, 2SUNY Upstate Medical University, Syracuse,
NY, USA

Photon attenuation length (d) in biological tissues determines
interrogation depth, spatial resolution, and amplitude of
fluorescence signal in various types of optical imaging,
including imaging of cardiac excitation using voltage-sensi-
tive dyes. We assessed ¢ in human and pig myocardium at
excitation/emission wavelengths of commonly used and
recently developed near-infrared voltage-sensitive dyes
(NIR). We also compare ¢ in Tyrode vs blood-perfused tis-
sues and simulate respective fluorescent signals in the
context of potential clinical applications.

Experiments were conducted in isolated slabs of ventricular
myocardium. Light decay inside the tissue was measured at
520, 650, and 715nm. ¢ in blood-perfused porcine and
human myocardium were similar (at 520nm 0.46+0.01 mm
and 0.484+0.02 mm; at 650nm 1.83 &+ 0.02 mm and 1.98 +
0.07 mm, at 715nm 2.31 & 0.05 mm and 2.74 + 0.13 mm in
porcine and human respectively), which makes porcine
myocardium a good model for development of clinical
imaging applications. Blood- vs Tyrode perfusion signifi-
canctly reduces ¢, particularly at 520nm. However, our
simulations show that, the resulting reduction of optical
action potential is <16% (for NIR dyes), which would not be a
major impediment for in vivo imaging of cardiac excitation.
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Myosin on an optical leash: load dependence

of the working stroke in a single myosin head

Marco Capitanio, Francesco Pavone, Roberto Bottinelli,
Monica Canepari, Manuela Maffei, Diego Benventi
LENS-European Laboratory for Non-Linear Spectroscopy,
Florence, Italy

Muscle performance at the molecular level is determined by
the elementary displacement (working stroke) produced by
the motor protein myosin Il, and its dependence on load. We
developed a laser trap assay (the optical leash) capable of
applying controlled loads to a single myosin head before the
working stroke is initiated and probing actin-myosin interac-
tion on the microsecond time scale. We found that the
working stroke size depends both on load and on the
detachment pathway followed by myosin. In a first pathway,
myosin detaches very rapidly from actin (<1ms) without
producing any movement. In a second pathway, myosin
steps and remains bound to actin for a time inversely
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proportional to ATP concentration; the working stroke
remains constant (~5 nm) as the load is increased, until it
suddenly vanishes as the isometric force is reached
(5.7£0.6pN). A third dissociation pathway becomes more
populated as the force is increased, due to premature
unbinding of myosin from actin, resulting in a working stroke
that decreases with load. Taken together, these results give a
new insight into the molecular mechanism of load depen-
dence of the myosin working stroke, which is a primary
determinant of skeletal muscle performance and efficiency.
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Mechanism of DNA sequence recognition by the SpolllE
translocase

Diego Cattoni and Marcelo Néllmann

Centre de Biochimie Structurale, INSERM U554, Universite
de Montpellier, CNRS UMR 5048, 29 rue de Navacelles,
34090 Montpellier Cedex, France

During cell division, chromosomal DNA must be segregated
rapidly and accurately. In bacteria, chromosomal segregation is
conducted by DNA translocases, e.g. FtsKin Escherichia colior
SpolllE in Bacillus subtilis. Sporulating B. subtilis divides
asymmetrically. To assure the genetic material integrity after
sporulation, SpolllE assembles at the division septum and
translocate the 2/3 of the chromosome (~ 3 Mbp) remaining in
the mother cell towards the forespore by using the energy of
ATP hydrolysis converted into mechanical force by their AAA+
motor domains. Several mechanisms have been proposed in
order to understand the determinants of translocation direc-
tionality of DNA translocases. It is accepted that direction of
translocation is signed by specific and asymmetrical 8 base pair
chromosomal sequences, but how these enzymes recognize
this specific sequences and what is their role in activity and
directionality regulation still generates controversy. Here, we
combine information from SpolllE/DNA equilibrium and pre-
equilibrium binding assays with continuous triplex displacement
measurements to further elucidate the mechanism of SpolllE
sequence recognition and its effect on transport directionality.
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Rotation of F,-ATPase with a protrusion-less gamma
rotor
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School of Physical Sciences, Shahjalal University of Science
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Regulation Project, ICORP, Japan Science and Technology
Agency (JST), Tokyo, Japan, *Department of Molecular
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Dr. Shou Furuike’s present address is Faculty of Physics, Osaka
Medical College, Osaka, Japan, Dr. Katsuyuki Shiroguchi’s
present address is Department of Chemistry and Chemical
Biology, Harvard University, Cambridge, MA, USA

F1-ATPase is an ATP-driven rotary motor in which the central
7 subunit rotates inside a stator made of an a3f3 ring. ATP
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hydrolysis in the f subunits generates torque for y rotation
by a mechanism not fully understood. The 7 rotor consists of
a globular domain that protrudes from the stator and a
slender shaft that penetrates the «3f3 ring. The shaft is an
anti-parallel coiled coil of the N- and C- terminal helices of 7.
Previously we have deleted either or both of these terminal
helices genetically. Surprisingly, all mutants rotated in the
correct direction, showing that the shaft portion is dispens-
able. Here we inquire if the rest of the y rotor, the globular
protrusion that accounts for ~70 % of the 7 residues, is also
dispensable. Keeping the N- and C-terminal helices that
constitute the shaft, we have replaced the middle ~200
residues with a short helix-turn-helix motif borrowed from a
different protein. The protrusion-less mutant thus made
retained a high ATPase activity and rotated fast in the cor-
rect direction. This may not be unexpected because, in
crystal structures, most of the removed residues do not
contact with the ozf; ring. Combined with the previous
results, however, the present results indicate that none of
the vy residues are needed for rotation.
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The rotary mechanism of a molecular engine,

the vacuolar proton-ATPase, working

in a biomembrane

Csilla Ferencz', Pal Petrovszki', Zoltan Kéta', Elfrieda
Fodor”, Andras Dér', Lajos Haracska?, Ferhan Ayaydin®,
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Hungary, 2Institute of Genetics, Biological Research Centre,
Szeged, Hungary, 3Institute of Cellular imaging laboratory,
Biological Research Centre, Szeged, Hungary;*Chemical
Research Centre, Budapest, Hungary

The rotary mechanism of vacuolar proton-ATPase (V-ATP-
ase) couples ATP hydrolysis and trans-membrane proton
translocation. We tested the effect of oscillating electric (AC)
field on V-ATPase activity in yeast vacuoles. The AC tech-
nique has several advantages over direct observations: it
can be applied on native membranes, there are no labels and
attachments involved, and the target protein is in its natural
environment. This was/is the first of its kind of experiment on
V-ATPase, and we got strikingly different results from previ-
ous studies on other proteins: Both low and high frequency
AC field reduces ATPase activity in a wide frequency range.
A sharp resonance is seen at 88.3 Hz, where the ATPase
activity reaches or exceeds the control (no AC) level. We
think that the resonance happens at that of the 60 degrees
rotor steps, meaning that the rotation rate of the rotor is
around 15 Hz, under the given conditions. Synchronisation of
individual ATPases by slow or matching, but not fast AC is
likely via a hold-and-release mechanism. We can explain the
above observations by assuming that the AC field interacts
with the proton movements, and if we consider the estimated
geometry of the hydrophilic proton channels and the proton
binding cites on the rotor.
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The effect of stretch on phosphate release in skeletal
muscle fibres

M.A. Ferenczi, D.C Bickham, T.G. West, R.C. Woledge,
N.A. Curtin

Molecular Medicine Section, NHLI, Imperial College London,
London SW7 2AZ, UK

We applied ramp stretches to contracting permeabilized
fibres of mammalian skeletal muscle at 12 and 20°C, with a
view to better understand the relationship between force and
the elementary steps of the actomyosin ATPase. Using a
fluorescent, genetically engineered phosphate binding pro-
tein to report on phosphate (Pi) release resulting from ATP
hydrolysis, we determined the time course of Pi release
during 1) development of isometric force, 2) a ramp stretch
applied when the isometric force plateau has been reached,
3) an isometric phase after stretch and 4) reversal of the
stretch. The results show that the rate of Pi release rapidly
decreases upon the application of stretch, with observable
changes in Pi occurring as quickly as those observed in the
force signal. At the end of the stretch, force decreases whilst
the rate of Pi release accelerates. During ramp shortening,
force decreases to the level expected from the force-velocity
relation, and the rate of Pi release accelerates as ATP
hydrolysis fuels the exertion of power by the muscle fibre.
The rapid decrease in the rate of Pi release upon stretch is
explained by a redistribution of cross-bridge states to
enhance Pi-containing intermediate states at the expense of
intermediate states containing ADP only.

P-359

Stepping rotation in H*-ATPase/synthase has been
revealed with an essentially drag-free probe

Shou Furuike'2, Masahiro Nakano®, Kengo Adachi’, Hiroyuki
Noji®, Kazuhiko Kinosita Jr. " and Ken Yokoyama4

"Waseda Univ., Tokyo, Japan, 2Osaka Medical College,
Osaka, Japan, 3Osaka Univ. Osaka, Japan, *Kyoto Sangyo
Univ., Kyoto, Japan

Vacuole-type ATPases (V,V;) and F,F; ATP synthases
constitute a superfamily of rotary molecular machines that
couple ATP hydrolysis/synthesis in the soluble V4/F; portion
with proton flow in the membrane-embedded V,/F, portion,
by sharing one joint rotary shaft. Here we have compared at
submillisecond resolutions the ATP-driven rotation of isolated
V; and the whole V,V derived from Thermus thermophilus,
using a 40-nm gold bead for which viscous drag is almost
negligible. At saturating ATP of 4 mM, V, rotated at ~60
revolutions per second, with ~5 ms dwells every 120°. Dwell
time analyses indicated that at least two events other than
ATP binding, one likely ATP hydrolysis, occur in each dwell,
as in F4. Unlike F4, however, the dwells were at ATP-waiting
positions that were resolved at uM ATP. V,V, rotated an
order of magnitude slower, and exhibited dwells separated by
~30°. The twelve positions, though not always fully popu-
lated, match the twelve-fold symmetry of the V, rotor in T.
thermophilus, indicating that the ATP-driven rotation must go
through stator-rotor interactions in V,, possibly coupled with
proton translocation. We plan to examine the pH depen-
dence of the dwells to see if they are indeed coupled to
protonation/deprotonation.

0-360

How myosin traps and how actin triggers the release
of phosphate at the beginning of force generation
Tatiana Isabet’, Paola Llinas’, Lin Song?, Allan Zong?,
Olena Pylypenko', Julie Ménétrey', H. Lee Sweeney?
and Anne Houdusse'

"Institut Curie/CNRS, France, 2University of Pennsylvania
School of Medicine, USA

Coupling structural and kinetic studies has elucidated details
of a subset of the transitions of the actin-myosin catalytic
cycle, including the ATP-induced dissociation of myosin from
actin and for the ATP hydrolysis step that allows priming of
the lever arm. Not yet visualized however are the structural
rearrangements triggered by actin binding that are coupled to
force generation and product release. While phosphate is
produced in the pre-powerstroke (ADP.Pi) state, it is also
trapped in this state until an actin-activated transition opens a
back-door to promote its release from the active site. It is
unclear, however, which of the three elements of the active
site (Switch I, Switch Il and the P-loop) play a role in this
transition and whether the major cleft within the motor par-
tially closes to allow this release while keeping the lever arm
primed. New structures of the myosin VI motor in the pre-
powerstroke state with Pi trapped reveal the post-hydrolysis
state that traps the motor. We have also crystallized a new
structural state for myosin VI in the presence of MgADP and
phosphate that has an open back-door due to a Switch Il
rearrangement and a lever arm primed. Thus it has the
expected features of the previously unseen Pi release state
of myosin. Kinetic and structural studies on a number of
mutants from different myosins are currently being performed
to evaluate this possibility. The structure is consistent with
cleft closure occurring subsequent to Pi release, which is
also being tested. An interesting finding in this new structure
is that the SH1 helix kinks to allow the converter to stay in the
primed position, the signature of a state at the beginning of
force production.

0-361

Assembly and function of the type 3 secretion system
needle from Salmonella typhimurium

M. Kolbe

Max-Planck-Institute for Infection Biology, Cellular
Microbiology, Charitéplatz 1 10117 Berlin, Germany

Pathogenic Gram-negative bacteria including Salmonella
typhimurium, Shigella flexneri and Yersinia pestis use a Type
Three Secretion System (TTSS) to deliver virulence factors
into host cells!” 21, The TTSS constitutes a continuous pro-
tein transport channel of constant length through the
bacterial envelope®.. The needle of the Type Three Secretion
System is made of a single small protein (protomer). We
analyzed the assembly and the structure of the TTSS needle
using different biophysical methods including Fourier Trans-
form-Infrared Spectroscopy, nmR spectroscopy and X-ray
crystallography. We show that the TTSS needle protomer
refolds spontaneously to extend the needle from the distal
end. The protomer refolds from a-helix into f-strand confor-
mation to form the TTSS needle!*. Regulated secretion of
virulence factors requires the presence of additional protein
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at the TTSS needle tip. X-ray crystal structure analysis of the
tip complex revealed major conformational changes in both
the needle and the tip proteins during assembly of the S.
typhimurium TTSS. Our structural analysis provides the first
detailed insight into both the open state of the TTSS needle
tip and the conformational changes occurring at the patho-
gen-host interface!®.

[11 J. E. Galan, H. Wolf-Watz, Protein delivery into eukary-
otic cells by type lll secretion machines. Nature 444,
567-573 (2006).

[2] M. Lunelli, R. K. Lokareddy, A. Zychlinsky, M. Kolbe,
IpaB-IpgC interaction defines binding motif for type IlI
secretion translocator. Proc. Natl. Acad. Sci. 106,
9661-9666 (2009).

[8] T. C. Marlovits et al, Structural Insights into the
Assembly of the Type Ill Secretion Needle Complex.
Science 306, 1040-1042 (2004).

[41 O. Poyraz et al., Nat. Stuct. & Mol. Biol. 17, 788-792
(2010).

[5] M. Lunelli et al., submitted.
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Binding change mechanism of membrane-bound F,
rotary motor driven by proton motive force

Jung-Hsin Lin 123

"Division of Mechanics, Research Center for Applied
Sciences, Academia Sinica, Taiwan, 2Institute of Biomedical
Sciences, Academia Sinica, Taiwan, 3School of Pharmacy,
National Taiwan University, Taipei, Taiwan

E-mail: jhlin@gate.sinica.edu.tw, jlin@ntu.edu.tw

The membrane-bound component F, of the ATP synthase
works as a rotary motor and plays the central role of driving
the F4 component to transform chemi-osmotic energy into
ATP synthesis. We have conducted molecular dynamics
simulations of the membrane-bound F, sector with explicit
lipid bilayer, in which the particular interest was to observe
the onset of helix motion in the ¢ ring upon the change of the
protonation state of Asp61 of the c; subunit, which is the
essential element of the Boyer’s binding-change mecha-
nism. To investigate the influence of transmembrane
potential and pH gradient, i.e., the profon motive force, on
the structure and dynamics of the a-c complex, different
electric fields have been applied along the membrane nor-
mal. Correlation map analysis indicated that the correlated
motions of residues in the interface of the a-c complex were
significantly reduced by external electric fields. The deute-
rium order parameter (Scp) profile calculated by averaging
all the lipids in the F,-bound bilayer was not very different
from that of the pure bilayer system, which agrees with
recent ?H solid-state nmR experiments. However, by delin-
eating the lipid properties according to their vicinity to F,, we
found that the Scp profiles of different lipid shells are
prominently different. Lipids close to F, formed a more
ordered structure. Similarly, the lateral diffusion of lipids on
the membrane surface also followed a shell-dependent
behavior. The lipids in the proximity of F, exhibited very
significantly reduced diffusional motion. The numerical value
of Scp was anti-correlated with that of the diffusion
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coefficient, i.e., the more ordered lipid structures led to
slower lipid diffusion. Our findings will not only help for
elucidating the dynamics of F, depending on the protonation
states and electric fields, but may also shed some light to
the interactions between the motor F, and its surrounding
lipids under physiological condition, which could help to
rationalize its extraordinary energy conversion efficiency.
This work has been published’ in March 2010, and it was
selected as one of the two Featured Articles of that issue.

1. Lin, Y.-S;; Lin, J.-H.; Chang, C.-C., Molecular Dynamics
Simulations of the Rotary Motor FO under External
Electric Fields across the Membrane. Biophys. J. 2010,
98, 1009-1017.
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Neck linker docking coordinates the kinetics

of kinesin’s heads

Imre Derényi, Andras Czovek, and Gergely J. Sz6lI6si
Department of Biological Physics, Eétvés University,
Budapest, Hungary

Conventional kinesin is a two-headed motor protein, which is
able to walk along microtubules processively by hydrolyzing
ATP. Its neck linkers, which connect the two motor domains and
can undergo a docking/undocking transition, are widely
believed to play the key role in the coordination of the chemical
cycles of the two motor domains and, consequently, in force
production and directional stepping. Although many experi-
ments, often complemented with partial kinetic modeling of
specific pathways, support this idea, the ultimate test of the
viability of this hypothesis requires the construction of a com-
plete kinetic model. Considering the two neck linkers as entropic
springs that are allowed to dock to their head domains and
incorporating only the few most relevant kinetic and structural
properties of the individual heads, we have developed the first
detailed, thermodynamically consistent model of kinesin that
can (i) explain the cooperation of the heads (including their
gating mechanisms) during walking and (ii) reproduce much of
the available experimental data (speed, dwell time distribution,
randomness, processivity, hydrolysis rate, etc.) under a wide
range of conditions (nucleotide concentrations, loading force,
neck linker length and composition, etc.). Besides revealing the
mechanism by which kinesin operates, our model also makes it
possible to look into the experimentally inaccessible details of
the mechanochemical cycle and predict how certain changes in
the protein affect its motion.

P-364

Toward the construction of a myosin based machine
Pasquale Bianco', Dan Cojoc?, Luca Melli', Manuela
Maffei®, Andrea Causero?, Giulietta Pinato?, Mario Dolfi’,
Roberto Bottinelli®, Vincenzo Lombardi’

"Laboratory of Physiology, DBE, University of Florence,
Firenze, ltaly, 2stituto Officina dei Materiali, CNR, Trieste,
ltaly, 3University of Pavia, Pavia, Italy

The research project is directed toward the construction of
a synthetic bio-inorganic machine that consists in a single
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actin filament that interacts with a linear array of myosin I
motors regularly disposed on a nano-structured device. The
motor array is intended to simulate the unique properties of
the ensemble of motor proteins in the half-sarcomere of the
muscle by providing the condition for developing steady
force and shortening by cyclic interactions with the actin
filament. The mechanical outputs in the range 0.5-200 pN
force and 1-10,000 nm shortening will be measured and
controlled with millisecond time resolution by means of a
double laser optical tweezers apparatus (DLOT, Bongini
et al., Biophys J, Supplement 1, 98:752a/3908-Pos, 2010).
The objectives pursued by the project are: a. Production of
native and artificial myosins; b. Interfacing motor proteins
and inorganic devices; c. Preparation of bead tailed actin
with correct polarity; d. Design and fabrication of nano-
structures to control the geometry of the motor protein
array by nano-patterning of the silica/quartz support; e.
Synthetic machine imaging by optical and electron
microscopies. The advancement of the research in each of
these objectives is reported.

Supported by IIT-SEED MYOMAC.
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Mechanism of the force generation in the bacterial
flagellar motor: a structural biology perspective

Cyril F. Reboul”, Jenna O’Neill?, Ashley M. Buckle',

Anna Roujeinikova'

"Department of Microbiology and Department

of Biochemistry and Molecular Biology, Monash University,
Clayton, Vic. 3800, Australia, 2Manchester Interdisciplinary
Biocentre, Faculty of Life Sciences, University

of Manchester, 131 Princess Street, Manchester, M1 7DN,
UK

The bacterial flagellar motor is a membrane-embedded
molecular machine that rotates filaments, providing a pro-
pulsive force for bacteria to swim. The molecular mechanism
of torque (turning force) generation is being investigated
through the study of the properties and three-dimensional
structure of the motor’s stator unit. We are taking both top-
down and bottom-up approaches, combining data from the
molecular genetics studies, cross-linking, X-ray protein
crystallography and molecular dynamics simulations. We
have recently determined the first crystal structure of the
protein domain that anchors the proton-motive-force-gen-
erating mechanism of the flagellar motor to the cell wall, and
formulated a model of how the stator attaches to peptido-
glycan. The work presented at the meeting will inform the
audience on our latest work that establishes the relationship
between the structure, dynamics and function of a key
component of the bacterial flagellar motor, the motility protein
B (MotB). This work will be put in the perspective of the
mechanism of rotation, stator assembly, anchoring to pepti-
doglycan and interaction with the rotor, and discussed in the
light of the elementary events composing the cycle of elec-
trochemical-to-mechanical energy conversion that drives
flagellar rotation.
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Directionality of the yeast Kinesin-5 Cin8 is controlled
by molecular structure and salt conditions

Christina Thiede', Adina Gerson-Gurwitz?,

Natalia Movshovich?, Vladimir Fridman?, Maria Podolskaya?,
Tsafi Danieli®, Stefan Lakamper, Dieter Kopfenstein',
Christoph F. Schmidt' and Larisa Gheber?
'Georg-August-Universitét Géttingen, Géttingen, Germany,
2Ben-Gurion University of the Negev, Beer-Sheva, Israel,
3Hebrew University of Jerusalem, Jerusalem, Israel

Members of the conserved Kinesin-5 family fulfill essential
roles in mitotic spindle morphogenesis and dynamics and
were thought to be slow, processive microtubule (MT)-plus-
end directed motors. The mechanisms that regulate Kinesin-
5 function are still not well understood. We have examined in
vitro and in vivo functions of the Saccharomyces cerevisiae
Kinesin-5 Cin8 using single-molecule motility assays and
single-molecule fluorescence microscopy and found that
Cin8 motility is exceptional in the Kinesin-5 family.

In vitro, individual Cin8 motors could be switched by ionic
conditions from rapid (up to 50 pm/min) and processive
minus-end, to bidirectional, to slow plus-end motion. Deletion
of the uniquely large insert of 99 amino acids in loop 8 of Cin8
induced bias towards minus-end motility and strongly affec-
ted the directional switching of Cin8 both in vivo and in vitro.
We further found that deletion of the functionally overlapping
Kinesin-5 Kip1 and of the spindle-organizing protein Ase1
affected Cin8 velocity and processivity, but directionality was
not affected.

The entirely unexpected finding of switching of Cin8 direc-
tionality in vivo and in vitro demonstrates that the “gear box”
of kinesins is much more complex and versatile than thought.

0-368

Longitudinal and rotational motion of microtubules
driven by the kinesin-14 motor Ncd

Andrej Vilfan', Bert Nitzsche?, Elzbieta Kocik?,

Andrzej A. Kasprzak® and Stefan Diez?

'J. Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia,
2Technische Universitit Dresden and Max Planck Institute
of Molecular Cell Biology and Genetics, Dresden, Germany,
3Nencki Institute of Experimental Biology, Warsaw,

Poland

In gliding motility assays, various motor proteins have been
shown to drive not only translational, but also rotational
motion of filaments around their longitudinal axis. Using FLIC
microscopy [1], we measured the longitudinal and rotational
motion of quantum-dot labeled microtubules driven by Ncd (a
kinesin-14 motor protein) as a function of the ATP concen-
tration. The data show two striking features: (i) The
longitudinal velocity shows a strong deviation from Michaelis-
Menten shape. (ii) The rotational pitch depends strongly on
the ATP concentration. We propose a simple mechanical
model, which explains both findings. The underlying mech-
anism of the non-processive Ncd motor assumes that the
power stroke comprises a longitudinal, as well as a lateral
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(off-axis) component and that the waiting (apo) state takes
place before the power stroke. Our model is distinct from the
models for filament rotation by myosin kinesin-1 motors,
which is a consequence of the filament structure [2, 1]. Our
results support the finding that the Ncd power stroke is trig-
gered by ATP binding [3].

[1] B. Nitzsche, F. Ruhnow and S. Diez, Nature Nanotech-
nology 3:552-556 (2008)

[2] A. Vilfan, Biophys. J. 97:1130-1137 (2009)

[3] N.F. Endres, C. Yoshioka, R.A. Milligan and R.D. Vale,
Nature 439:875-878 (2006)
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Switch between large hand-over-hand and small
inchworm-like steps in myosin VI

Toshio Yanagida

Graduate School of Frontier Bioscience, Osaka University,
Riken QBIC (Quantitative Biological Center) and NICT CiNet
(Center for Neural and Information Networks), Osaka Japan

Many biological motor molecules move within cells using
stepsizes predictable from their structures. Myosin-VI, how-
ever, has much larger and more broadly-distributed stepsizes
than those predicted from its short lever arms. We explain the
discrepancy by monitoring Qdots and gold nano-particles
attached to the myosin VI motor domains using high-sensi-
tivity nano-imaging. The large stepsizes were attributed to an
extended and relatively rigid lever arm; their variability to two
stepsizes, one large (72 nm) and one small (44 nm). These
results suggest there exist two tilt-angles during myosin-VI
stepping, which correspond to the pre- and post-power-
strokes states and regulate the leading head. The large steps
are consistent with the previously reported hand-over-hand
mechanism, while the small steps follow an inchworm-like
mechanism and increase in frequency with ADP. Switching
between these two mechanisms in a strain sensitive, ADP-
dependent manner allows myosin-VI to fulfill its multiple cel-
lular tasks including vesicle transport and membrane
anchoring. http://www.fbs.osaka-u.ac.jp/labs/yanagida/, http://
www.gbic.riken.jp/.
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Mossbauer spectroscopy of chicken liver and spleen,
human liver ferritin and pharmaceutical models

V. Alenkina’2, M.I. Oshtrakh®, Yu.V. Klepova®,

N.V. Sadovnikov®, V.A. Semionkin'?

Faculty of Physical Techniques and Devices for Quality
Control, Ural Federal University, 620002, Ekaterinburg,
Russia, 2Faculty of Experimental Physics, Ural Federal
University, 620002, Ekaterinburg, Russia, >Faculty

of Physiology and Biotechnology, Ural State Agricultural
Academy, K. Liebknecht str., 42, Ekaterinburg, 620075, Russia

Ferritin deposits iron in oxyhydroxide iron core surrounded by

protein shell. The iron core structure may vary in different
ferritins in both normal and pathological cases. To study iron
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core variations the Mdssbauer spectroscopy with a high
velocity resolution was applied for comparative analysis of
normal and leukemia chicken liver and spleen tissues,
human liver ferritin and commercial pharmaceutical products
Imferon, Maltofer® and Ferrum Lek as ferritin models.
Méssbauer spectra of these samples measured with a high
velocity resolution at room temperature were fitted using two
models: homogenous iron core (one quadrupole doublet)
and heterogeneous iron core (several quadrupole doublets).
The results of both fits demonstrated small variations of
Méssbauer hyperfine parameters related to structural varia-
tions of the iron cores. These small structural variations may
be a result of different degree of crystallinity, the way of iron
package, nonequivalent iron position, etc. Obtained small
differences for normal and leukemia tissues may be useful
for distinguishing ferritins from normal and pathological
cases. This work was supported in part by the Russian
Foundation for Basic Research (grant # 09-02-00055-a).
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Structural study of the interaction of SopB, a TTSS
effector of Salmonella, and its chaperone SigE
Frederique Dewitte!, Prakash Rucktooa?, Pierre Lebrun®,
Vincent Villeret' and Coralie Bompard'

7lnterdisciplinary Research Institute CNRS, Lille, France,
2Netherland Cancer Institute, Amsterdam, The Netherlands,
3CIIL, Institut Pasteur de Lille, Lille, France

Invasion of epithelial cells by Salmonella enterica is mediated
by bacterial “effector” proteins that are delivered into the host
cell by a type Il secretion system (TTSS). The collaborative
action of these translocated effectors modulates a variety of
cellular processes leading to bacterial uptake into mammalian
cells. Type lll effectors require the presence in the bacterial
cytosol of specific TTS chaperones. Effectors are known to
interact with their chaperone via a Chaperone Binding Domain
(CBD) situated at their N-terminus. This work focus on SopB,
an effector with phosphoinositide phosphatase activity and
particularly its interaction with the specific chaperone SigE by
biochemical, biophysical and structural approaches.

We have co-expressed SopB with its specific chaperone
SigE and purified the complex, determined the limits of the
CBD and purified the SopBcgp/SigE complex. The structure
of SigE has been solved previously but no crystals could be
obtained for structure determination of both complexes. We
used SAXS experiment combined with biophysical approach
to analyse the interaction between SopB and its chaperone
as well as the quaternary structure on the complex that will
be described in this presentation.
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A spectroscopic study of GMP kinase secondary
structure in interaction with ligands

C. Chilom’, I. Matei?, G. Baranga', D. M. Gazdaru’,

A. Popescu’

"Faculty of Physics, University of Bucharest, Magurele,
Romania, 2Faculty of Chemistry, University of Bucharest,
Bucharest, Romania

Guanylate monophosphate kinase (GMPK) is a cytosolic
enzyme involved in nucleotide metabolic pathways. One of
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the physiological roles of GMPKs is the reversible phos-
phoryl group transfer from ATP to GMP (its specific ligand),
yielding ADP and GDP. The GMPK from Haemophilus in-
fluenzae is a small protein, with a number of 208 amino acids
in the primary structure.

In order to determine the secondary structure changes of this
enzyme, as well as some physical characteristics of its
complexes with GMP and ATP ligands, circular dichroism
(CD) and ATR - FTIR studies were performed. The enzyme
and its ligands were dissolved in Tris - HCI buffer, at pH 7.4
and 25 °C.

From the CD spectra the content of the secondary structure
elements of GMPK and GMPK/GMP, GMPK/ATP (with and
without Mg?*) were determined. The major secondary
structure elements of GMPK from Haemophilus influenzae
were a-helix (~ 37 %) and f-sheet (~ 36 %). ATR - FTIR
experiments show that the amide | and amide Il bands of the
GMPK are typical for a protein with great a-helix content.
From the second derivative spectra, the content of the sec-
ondary structure elements were estimated. These data were
in agreement with those obtained by CD.

P-374

Helical peptides derived from the dimerization helix

of the capsid protein of HIV-1bind protein wt

Rosa Doménech', Rebeca Bocanegraz, Rosario Gonzalez-
Mufiiz®, Javier Gémez', Mauricio G. Mateu? and José L.
Neira®

TInstituto de Biologia Molecular y Celular, Universidad Miguel
Hernandez, Elche, Alicante, Spain, Centro de Biologia
Molecular Severo Ochoa, CSIC-UAM, Universidad
Auténoma de Madrid, Cantoblanco, Madrid, Spain, 3Instituto
de Quimica-Médica, CSIC, Madrid; Instituto de
Biocomputacién y Fisica de Sistemas Complejos,
Zaragoza, Spain

Assembly of the mature human immunodeficiency virus type
1 capsid involves the oligomerization of the capsid protein,
CA. The C-terminal domain of CA, CTD, participates both in
the formation of CA hexamers, and in the joining of hexamers
through homodimerization. Intact CA and the isolated CTD
are able to homodimerize in solution with similar affinity
(dissociation constant in the order of 10 uM); CTD homodi-
merization involves mainly an o-helical region. In this work,
we show that peptides derived from the dimerization helix
(which keep residues energetically important for dimerization
and with higher helical propensities than the wild-type
sequence) are able to self-associate with affinities similar to
that of the whole CTD.

Moreover, the peptides have a higher helicity than that of the
wild-type sequence, although is not as high as the theoreti-
cally predicted. Interesting enough, the peptides bind to CTD,
but binding in all peptides, but one, does not occur at the
dimerization interface of CTD (helix 9). Rather, binding
occurs at the last helical region of CTD, even for the wild-type
peptide, as shown by HSQC-NMR. As a consequence, all
peptides, but one, are unable to inhibit capsid assembly of
the whole CA in vitro. The peptide whose binding occurs at
the CTD dimerization helix has an Val-Arg mutation in
position 191, which has been involved in dimer-dimer con-
tacts. These findings suggest that event keeping the

energetically important residues to attain CTD dimerization
within a more largely populated helical structure is not
enough to hamper dimerization of CTD.
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Structure and Function of the Sodium/Proline
Transporter PutP studied by EPR Spectroscopy

Sabrina Dunkel’, Michael Raba?, Johann P. Klare', Heinrich
Jung? and Heinz-Jiirgen Steinhoff'

1Physics Department, University of Osnabrlick,
Barabarastr.7, 49072 Osnabriick, Germany, 2LMU Munich,
Biocentre, Microbiology, Grosshaderner Str. 2-4-, 82152
Planegg-Martinsried, Munich, Germany

PutP is an integral membrane protein located in the cyto-
plasmic membrane of Escherichia coli, being responsible
for the coupled transport of Na* and proline. It belongs to
the family of sodium solute symporters (SSS). Structural
data for PutP is not available, but secondary structure
predictions together with biochemical and biophysical
analyses suggest a 13 transmembrane motif. From a recent
homology model based on the X-ray structure of the related
Na*/galactose symporter vSGLT, previously published
electron paramagnetic resonance (EPR) studies, and
recent crystallographic and EPR studies on the cognate
bacterial homolog of a neurotransmitter:Na* symporter,
LeuT, it has been proposed that helices VIII and IX as well
as the interconnecting “loop 9” region determine the
accessibility of the periplasmic cavities which bind sodium
and proline.

We performed site-directed spin labeling of “loop 9” in
combination with EPR spectroscopy to investigate the
structural features of this region and possible conformational
changes induced by sodium and proline. Analyses of spin
label mobility and polarity as well as accessibility to para-
magnetic quenchers allow us to refine this region in the
present homology model. Furthermore, our data suggest
conformational changes in this region upon substrate binding
including an overall motion of a helical segment.
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Interactions of Brain Fatty Acid Binding Protein

as monitored by site directed spin labeling
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Fatty acid-binding proteins (FABP) are a family of low
molecular weight proteins that share structural homology
and the ability to bind fatty acids. The common structural
feature is a f-barrel of 10 antiparallel S-strands forming a
large inner cavity that accommodates nonpolar ligands,
capped by a portal region, comprising two short a-helices.
B-FABP exhibits high affinity for the docosahexaenoic
(DHA) and oleic acid (OA). It is also postulated that B-FABP
may interact with nuclear receptors from PPAR family. In the
present work, we used molecular biology and spectroscopic
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techniques to correlate structure, dynamics and function.
Site-directed mutagenesis was used to produce 5 mutants
of B-FABP with a nitroxide spin probe (MTSL) selectively
attached to residues located at the portal region. ESR
spectra of the labeled B-FABP mutants were sensitive to
the location of the mutation and were able to monitor
interactions in three cases: (1) FABP in the presence of
DHA and OA ligands; (2) FABP in the presence of POPC
and POPG lipid model membranes, where we evidenced
the importance of electrostatic interactions and a possible
collisional mechanism for the delivery of FA; (3) FABP in the
presence of PPAR nuclear receptor, in which case we were
able to detect the complex formation.
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Effect of DNA binding on the self-association

of the human recombinase protein Rad51
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of Sciences, Budapest, Hungary, 2Department of Biophysics
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HsRad51 is a protein that plays key role in the homologous
recombination repair (HRR) of double strand DNA breaks
(DSB) in human cells. It has been found that the presence of
Rad51 homologues is essential for cell viability in higher
eukaryotes. It is supposed that in vivo, the recombination
process is initiated by the formation of 3’-ssDNA overhangs
which are then recognized by Rad51 with the help of other
interacting proteins. Rad51 then forms a helical nucleopro-
tein filament around ssDNA. In concert with other key players
the nucleoprotein filament then binds the dsDNA substrate,
recognizes homology and exchanges the DNA strands in an
ATP dependent manner. It was shown that in higher
eukaryotes HRR requires the presence of the breast cancer
associated protein BRCA2. Based on co-crystallization and
structure determination of the complex of BRCA2 and the
ATP-binding domain of HsRad51 it was suggested that the
self-association of Rad51 is regulated by the repeats of
BRCA2 intruding into the interface of polymer formation
(Pellegrini et al. Nature, (2002) 420, 287-293). Indeed, the
interface of homo-polymerization may be an important site of
the regulation of filament formation.

The present study was based on the reported finding that in
the absence of DNA, Rad51 forms ring-like self-aggregates
in solution. In the experiments, HsRad51 protein and its
mutants were produced by bacterial expression and purified
in our laboratory. The ring-like associates were characterized
by dynamic light scattering and AFM. Binding to ssDNA and
dsDNA was verified by fluorescence spectroscopy and single
molecule techniques. Fluorescence label studies combined
with high pressure technique were used to determine the
dissociation constant of the interface (Schay et al., JBC
(2006) 281, 25972-25983) and its dependence on the solu-
tion components. The fluorescence high pressure technique
was applied to study the role of the protein interface inter-
action in the nucleoprotein formation.
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New insight in the assembly and function of human
small heat shock proteins (sHSP)
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sHSP are ubiquitous proteins involved in cellular resistance to
various stress (oxidative, heat, osmotic...). They are able to
prevent aggregation of non-native proteins through the ability
of forming large soluble complexes and preventing their non-
specific and insoluble aggregation. In consequence to this
molecular chaperone function, they can regulate many pro-
cesses (resistance to chemotherapy, modulation of the cellular
adhesion and invasion, inflammatory response in skin), and
the modulation of their expression has been found to be a
molecular marker in cancers, spermatogenesis, or cartilage
degeneration. Furthermore, they are involved in several
pathologies: myopathies, neuropathies, cancers, cataracts.
Among the 10 human members (HspB1-10), this study
focused on HspB1 (Hsp27 involved in some cancers), HspB4
(lens specific), HspB5 (lens, muscle, heart, lung) and HspB5-
R120G (responsible for a desmin-related myopathy and a
cataract). As sHSP form large, soluble (but polydisperse in
mammals) hetero-oligomers, molecular biology, biochemistry,
biophysics and bioinformatics were successfully combined to
compare the functional/dysfunctional assemblies in order to
understand the critical parameters between sHSP members
depending upon their tissue and cellular localization.
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lonizing radiation is a type of radiation that contains enough
energy to displace electrons and break chemical bonds. This
can promote the removal of atleast one electron froman atomor
molecule, creating radical species, namely, Reactive Oxygen
Species (ROS)[1, 2]. These are often associated with damages
at cellular level, such as, DNA mutations, cell cycle modifica-
tions and, in animal cells, cancer. To overcome this problem,
organisms developed different protection/repair mechanisms
that enable them to survive to these threats. DNA glycosylases
are enzymes that are part of base excision repair (BER) system,
mainly responsible for DNA repair. They can recognize a DNA
lesion and, in some cases, are able to remove the mutated base.
Here we propose to study one of those enzymes, endonuclease
lll, which contains a [4Fe-4S] cluster [3, 4]. Samples were
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exposed to different doses of UV-C radiation and the effects
were studied by electrophoretic and spectroscopic methods.

[11 J. A. Imlay, Ann Rev Biochem, 77, 755-776, 2008

[2] M. Valko, et al., Chem Biol Interact, 160, 1-40, 2006
[3] J.C.Fromme, etal., Curr Opin Struct Biol, 14, 43-49, 2004
[4] S. Maynard, et al., Carcinogenesis, 30, 2—10, 2009
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Cholesterol affects Na,K-ATPase thermostability

and catalytic activity
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Na,K-ATPase is an integral protein present in the plasma
membrane of animal cells, and consists of two main subunits:
the « and . Cholesterol is an essential constituent of the animal
membrane cells. In order to study the interaction between Na,K-
ATPase and cholesterol, we have used the DSC technique, and
a proteoliposome system composed by the enzyme and
DPPC:DPPE, with different percentage in mol of cholesterol.
The heat capacity of purified Na,K-ATPase profile exhibits
three transitions with 31, 189 and 60 kcal/mol at 55, 62 and
69°C. Multiple components in the unfolding transition could
be attributed either to different steps in the pathway or to
independent unfolding of different domains. This denatur-
ation of Na,K-ATPase is an irreversible process. For the
proteoliposome, we also observed three peaks, with 180,
217 and 41 kcal/mol and 54, 64 and 72°C. This increase in
AH indicates that the lipids stabilize the protein. When cho-
lesterol was used (from 10 to 40 mol %), the first transition
was shifted to a lower temperature value around 35°C. These
results confirm that cholesterol has an influence on the
packing and fluidity of lipid bilayer and changes in lipid
microenvironment alter the thermostability as well as the
activity of Na,K-ATPase. Financial support: FAPESP.
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Apolipoprotein E is a major lipid carrier protein in humans,
plays important roles in lipid homeostasis and protection
from atherosclerosis. ApoE is characterized by structural
plasticity and thermodynamic instability and can undergo
significant structural rearrangements as part of its biologi-
cal function. Mutations in the LDL binding region 136-150
of apoE have been linked with lipoprotein disorders such
as Type lll Hyperlipoproteinemia in humans and experi-
mental animals. In this study we examined whether three
such mutations, namely R136S, R145C and K146E affect
the thermodynamic stability and conformation of apoE3.
Circular dichroism spectroscopy revealed that the muta-
tions do not alter the secondary structure of the protein.
However, all three mutants have altered thermodynamic
stability compared to wild-type as evidenced by thermal
and chemical denaturation experiments. Furthermore, all
three variants are able to clarify DMPC emulsions, but with
subtle changes in kinetics that suggest differences in
equilibrium distribution of conformations. Overall, our find-
ings suggest that single amino acid changes in the
functionally important region 136-150 of apoE3 can affect
the molecule’s stability and structural lability in solution. We
propose that these thermodynamic alterations be taken
into account when evaluating the pathogenic potential of
apoE3 variants.
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We have undertaken to study the structure and function of
peroxisomal multifunctional enzyme type 2 (MFE-2) from
different organisms. MFE-2 is a key enzyme in long- and
branched-chain fatty acids breakdown in peroxisomes. It
contains two enzymes in the same polypeptide and also
consists of differing amount of domains depending on the
species. Crystal structure and enzyme kinetics of Dro-
sophila melanogaster MFE-2 has revealed the domain
assembly and raised a question about existence of a sub-
strate channeling mechanism. Small-angle x-ray scattering
studies have further resolved the assembly of domains in
the human MFE-2. Mutations in the MFE-2-coding gene in
humans may cause D-bifunctional protein deficiency - a
metabolic disease characterized by accumulation of fatty
acyl-CoA intermediates due to inactive or residually active
MFE-2 protein. We have also studied the structure, stability
and dynamics of such mutant proteins both experimentally
and in silico. The latest results on all these studies will be
presented.
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FtsZ is a protein that plays a key role in bacterial division,
forming a protein ring directly related to the constriction of the
membrane. This process has been observed to occur without
the help of molecular motors. Nonetheless, the details of the
self-assembly and subsequent force generation of the septal
ring are still obscure.

AFM observations allows the study of the behaviour of
FtsZ solutions on a substrate with unprecedented resolu-
tion, permitting the identification of individual protein
filaments. The different resulting structures can be com-
pared to Monte Carlo models for a 2D lattice accounting
for the essential interactions between monomers. These
include a strong longitudinal bond that allows a limited
flexibility (i.e., curvature of the filaments) and a weaker
lateral interaction.

The work we present follows this approach, focussing on the
latest experiments with FtsZ mutants. By using these
mutants, it is possible to choose the specific region of the
monomer that will anchor to the substrate, thus generating
new structures that provide an insight into monomer-mono-
mer interactions. In this way, we explore the anisotropy of the
lateral bond in FtsZ, a factor that has not been taken into
account before but may prove to be of importance in FstZ
behaviour in vivo.
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Modeling protein structures and their complexes

with limited experimental data
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Conventional methods for protein structure determination
require collecting huge amounts of high-quality experi-
mental data. In many cases the data (possibly fragmentary
and/or ambiguous) on itself cannot discriminate between
alternative conformations and a unique structure cannot be
determined. Small Angle Xray Scattering is an example of
such a “weak” experiment. The spectrum encodes only
several independent degrees of freedom that provide a
global description of a molecular geometry in a very syn-
thetic way. In this contribution we utilized both local
information obtained from nmR measurements and global
description of a macromolecule as given by SAXS profile
combined with a knowledge-based bimolecular force field
to determine tertiary and quaternary structure of model
protein systems. SAXS curve as well as various kinds of
local nmR data such as isotropic Chemical Shifts and their
tensors, J-couplings, RDC, backbone NOE and REDOR
from nmR in solid phase are parsed with the “experimen-
tal” module of BioShell toolkit and utilized by Rosetta
modeling suite to generate plausible conformations.
Obtained results show the new protocol is capable to
deliver very accurate models.
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Structural genomics programs today yield an increasing
number of protein structures, obtained by X-Ray diffraction,
whose functions remain to be elucidated. nmR plays here a
crucial role through its ability to readily identify binding sites in
their complexes or to map dynamic features on the structure.
An important nmR limiting step is the often fastidious assignment
ofthe nmR spectra. For proteins whose 3D structures are already
known, the matching of experimental and back-calculated data
allows a straightforward assignment of the nmR spectra.

We developed NOEnet, a structure-based assignment
approach. It is based on a complete search algorithm, robust
against assignment errors, even for sparse input data. It
allows functional studies, like modeling of protein-complexes
or protein dynamics studies for proteins as large as 28 kD.
Almost any type of additional restraints can be used as filters
to speed up the procedure or restrict the assignment
ensemble. NOEnet being mainly based on nmR data (NOEs)
orthogonal to those used in triple resonance experiments (J-
couplings), its combination even with a low number of
ambiguous J-coupling based sequential connectivities yields
a high precision assignment ensemble.
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We observed, that T. thermophilus isopropylmalate dehydro-
genase (IPMDH) has higher rigidity and lower enzyme activity
at room temperature than its mesophilic counterpart (E. coli),
while the enzymes have nearly identical flexibilities under their
respective physiological working conditions, suggesting that
evolutionary adaptation tends to maintain optimum activity by
adjusting a “corresponding state” regarding conformational
flexibility. In order to reveal the nature of the conformational
flexibility change related to enzymatic activity, we designed a
series of mutations involving non conserved prolines specific to
thermophilic IPMDH. Proline to glycine mutations substantially
increased conformational flexibility and decreased conforma-
tional stability. The mutant enzyme variants did not show
enhanced catalytic activity, but the non Arrhenius temperature
dependence of enzyme activity of the wild type was abolished.
This phenomenon underlines the fact that the delicate balance
between flexibility, stability and activity which is required for the
environmental adaptation of enzymes can be easily disrupted
with mutations even distant from the active site, providing fur-
ther evidence that optimization of proper functional motions are
also a selective force in the evolution of enzymes.
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The kinetoplastids Trypanosoma brucei, T. cruzi and Leish-
mania major are responsible for causing great morbidity and
mortality in developing countries. The all «-helical dimeric
dUTPases from these organisms represent promising drug
targets due to their essential nature and markedly different
structural and biochemical properties compared to the tri-
meric human enzyme. To aid in the development of dUTPase
inhibitors we have been structurally characterizing the
enzymes from these species. Here we present the structure
of the T. brucei enzyme in open and closed conformations,
completing the view of the enzymes from the kinetoplastids.
Furthermore, we sought to probe the reaction mechanism for
this family of enzymes as a mechanism has been proposed
based on previous structural work but has not received any
further verification. The proposed scheme is similar to that of
the trimeric enzyme but differs in detail. Using tryptophan
fluorescence quenching in the presence of the transition
state mimic AlIF; we have been able to identify which species
is the likely transition state in the reaction. The crystal
structure of T. brucei in complex with this transition state
analogue confirms the nature of the nucleophilic attack
clearly showing how it differs from trimeric enzymes.
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The alternative pathway of complement is important in innate
immunity, attacking not only microbes but all unprotected bio-
logical surfaces through powerful amplification. It is unresolved
how host and nonhost surfaces are distinguished at the
molecular level, but key components are domains 19-20 of the
complement regulator factor H (FH), which interact with host
(i.e., nonactivator surface glycosaminoglycans or sialic acids)
and the C3d part of C3b. Our structure of the FH19-20:C3d
complex at 2.3 A resolution shows that FH19-20 has two dis-
tinct binding sites, FH19 and FH20, for C3b. We show
simultaneous binding of FH19 to C3b and FH20 to nonactivator
surface glycosaminoglycans, and we show that both of these
interactions are necessary for full binding of FH to C3b on
nonactivator surfaces (i.e., for target discrimination). We also
show that C3d could replace glycosaminoglycan binding to

FH20, thus providing a feedback control for preventing excess
C3b deposition and complement amplification. This explains
the molecular basis of atypical hemolytic uremic syndrome,
where mutations on the binding interfaces between FH19-20
and C3d or between FH20 and glycosaminoglycans lead to
complement attack against host surfaces.
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Circular Dichroism (CD) spectroscopy is a widely used
technique for studying the secondary structure (SS) of pro-
teins. Numerous algorithms have been developed for the
estimation of the SS composition from the CD spectra.
Although, these methods give more or less accurate esti-
mation for proteins rich in a-helical structure, they often fail to
provide acceptable results on mixed or fS-rich proteins. The
problem arises from the diversity of f-structures, which is
thought to be an intrinsic limitation of the technique. The
worst predictions are provided for proteins of unusual
p-structures and for amyloid fibrils. Our aim was to develop a
new algorithm for the more accurate estimation of SS con-
tents for a broader range of protein folds with special interest
to amyloid fibrils. Using synchrotron radiation CD (SRCD),
we were able to collect high quality spectra of amyloid fibrils
with good S/N ratios down to 175nm. The novel reference
dataset with spectra that significantly differ from present
reference sets, extends the information content for SS
determination. Our algorithm takes into account the diverse
twist of the -sheets that has a great influence on the spectral
features. For the first time, we can reliably distinguish parallel
and antiparallel p-structure using CD spectroscopy.
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Molecular forces that govern membrane protein integration and
folding remain a major question in current molecular biology and
biophysics. Each nascent polypeptide chain should acquire its
unique three-dimensional folded state within a complex envi-
ronment formed by the anisotropic lipid membrane and the
membrane-water interface. SecYEG translocase and members
of a recently described YidC/Oxa1/Alb3 chaperone family are
recognized as primary players in the membrane protein gene-
sis. These proteins, so called insertases, serve as membrane-
embedded molecular pores where the newly synthesized
protein is loaded prior its release into the bilayer. Here we apply
fluorescence correlation spectroscopy to monitor the assembly
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of the insertase:ribosome:nascent polypeptide chain com-
plexes in solution and reconstituted into nanodiscs and model
membranes. Results provide insights on molecular mecha-
nisms and dynamics of the insertase functioning.

0.10 4 /A

0.08 -

0.06 A

0.04 <

Correlation funclion

0.00

Timea (s)

0-392

Conformational changes during GTPase activity induced
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revealed by EPR spectroscopy
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Human guanylate binding protein 1 (hGBP1) belongs to the
Dynamin Superfamily of large GTPases. hGBP1 is an elon-
gated 67 kDa protein comprising three distinct domains, a
large GTPase (LG) domain, the middle domain - a five-helix
bundle, and the GTPase effector domain (GED) consisting of
two helices. The latter subdomain flanks the whole protein
and has contacts with the LG domain.

During nucleotide hydrolysis the protein forms oligomers
which lead to a self stimulation of its GTPase reaction. For
this reason hGBP1 can be categorized as G protein activated
by nucleotide-dependent dimerization (GAD). Up to date, no
structural information about about the overall conformation of
the full-length protein in the predicted dimeric or tetrameric
state could be obtained.

To the structural properties of hGBP1 upon oligomerization, we
applied site-directed spin labeling (SDSL) in combination with
electron paramagnetic resonance (EPR) spectroscopy. We
used continuous wave and pulse EPR methods, namely Double
Electron Electron Resonance (DEER) spectroscopy, to deter-
mine distance distributions between spin label side chains. We
used these distance constraints to model the arrangement of
hGBP1 in the dimeric state and conformational changes,
especially of the GED, taking place upon dimerization.
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Structural insights into the control of type three
secretion
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Correct assembly and regulation of multi-component molec-
ular machines is essential for many biological activities. The
Type Il Secretion System (T3SS) is a complex molecular
machine that is a key virulence determinant for important
Gram-negative pathogens including Shigella, Yersinia and
Salmonella species [1-2]. The T3SS consists of multiple
copies of ~25 different proteins (totalling ~7MDa), spans
both bacterial membranes and drives insertion of a contigu-
ous pore into the host-cell membrane. Virulence factors are
secreted via this apparatus directly into the host cell.

In all T3SS various levels of regulation occur with switching
between secretion off and on states overlaid on control of
which substrates are secreted. Genes involved in a variety of
these switches have been identified but the molecular
mechanisms underlying these functions is poorly under-
stood. We are studying the T3SS of Shigella flexneri, the
causative agent of dysentery and will present the structure of
the so-called “gatekeeper protein” MxiA.

1. J. Deane et al. (2010). Cell Mol Life Sci, 67, 1065-75
2. A.J. Blocker et al (2008). Proc. Natl. Acad. Sci. USA 105,
6507-13
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The protein ROF2 from the plant Arabidopsis Thaliana acts
as a heat stress modulator, being involved in the long-term
acquired thermotolerance of the plant. Here we investigate
the relationship between the biological function and the
structure of ROF2 by circular dichroism (CD) spectroscopy in
the far and near UV domains. By analysing our CD spectrua
with the CDPro software developed by Sreerama et al.
(2000), we have obtained the percentages of o-helices,
p-sheets, and turns in the secondary structure of ROF2. The
near UV results suggest that ROF2 proteins can associate,
forming super-secondary structures. CD experiments per-
formed at temperatures between 5 °C and 97 °C indicate that
the thermal denaturation of ROF2 caused by a raise in
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temperature up to 55 °C is followed by a partial recovery of
the secondary structure as the temperature is raised further.
This reversibility of the thermal denaturation of ROF2 might
play an important role in the thermotolerance of Arabidopsis
Thaliana.
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The diacylglycerolacyltransferase1 (DGAT1) is an integral
protein from the reticulum endoplasmic membrane that plays
an essential role in triacylglyceride synthesis. In cattle, this
enzyme is associated to the fat content regulation on milk
and meat. In this study, synthetic peptides corresponding to
both DGAT1 binding sites (Sit1 and Sit2) were designed,
purified and employed to investigate the enzyme interaction
with substrates and membrane models. Different binding
specificities in the interaction with phospholipid vesicles and
micelles were noted. Sit1 showed to bind more strongly in
nonpolar membrane models, while Sit2 was electrostatically
attracted to negative phospholipid surfaces. The binding of
both peptides was followed by significant conformational
changes (like unordered to helix transition) in circular
dichroism spectra and a 20nm blue shift in fluorescence
emission. The binding of Sit1 and Sit2 peptides to negative
liposome gave dissociation constants (Kp) of 170 and
0.44uM, respectively, and a leakage action 24-fold higher to
Sit2. The difference in specificity is related to the features of
the putative substrates (acyl-CoAs and diacylglycerol) and
can be attributed to the distinct role of each DGAT1 binding
site during lipid synthesis. Supported by FAPESP.
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Molecular dynamics simulation of short polymers

of the cell division protein FtsZ suggests that GTPase
activity is restricted to filament ends

Fernando Martin-Garcia'?, Jesus Ignacio Mendieta-
Moreno, Jesus Mendieta'? & Paulino Gémez-Puertas’.
"Centro de Biologia Molecular “Severo Ochoa” (CSIC-UAM),
C/ Nicolas Cabrera, 1, Cantoblanco, 28049 Madrid, Spain,
?Bjomol-Informatics SL, Parque Cientifico de Madrid,

C/ Faraday, 7, Cantoblanco, 28049 Madrid, Spain

FtsZ, the bacterial homologue of tubulin, assembles into
polymers in the bacterial division ring. The interfaces
between monomers include a GTP molecule, although the
relationship between polymerization and GTPase activity is
still controversial. A set of short FtsZ polymers were mod-
elled and the formation of active GTPase structures was
monitored using molecular dynamics. Only the interfaces
nearest the polymer ends exhibited geometry adequate for
GTP hydrolysis. Conversion of a mid-polymer interface to a
close-to-end interface resulted in its spontaneous rear-
rangement from an inactive to an active conformation.

P-397

Reversible and irreversible photoactivation in mlirisFP
variants

Susan Gayda', Karin Nienhaus' and G. Ulrich Nienhaus'-2
TInstitute of Applied Physics and Center for Functional
Nanostructures, Karlsruhe Institute of Technology (KIT),
76131 Karisruhe, Germany, 2Department of Physics,
University of lllinois at Urbana-Champaign, Urbana, IL
61801, USA, *Correspondence to Karin.Nienhaus@kit.edu

Fluorescent proteins (FPs) have become extremely valuable
tools in the life sciences. Due to the latest advances in the
light microscopy, there is a steady need for FPs with
improved spectral properties. mlrisFP is a monomeric FP
that can be switched reversibly between a bright green
fluorescent and a dark state by illumination with light of
specific wavelengths [1]. Structurally, this photo-switching is
based on a cis-trans isomerization of the chromophore. Upon
illumination with violet light, mirisFP can be irreversibly
photoconverted from the green-emitting to a red-emitting
form. The red form can again be switched reversibly between
a fluorescent and a dark state. To elucidate the mechanistic
details of the photoinduced reactions, we have generated
mirisGFP1. This variant can still undergo reversible photos-
witching, but lacks the ability to photoconvert to the red state
so that the photoinduced transitions of the green form can be
studied without ‘artifacts’ due to green-to-red photoconver-
sion. Using UV/visible spectroscopy, we have characterized
the on- and off- switching processes in great detail. Several
light-activated reaction pathways have been identified. They
are highly intertwined so that the net effect achieved with light
of a particular wavelength depends on the relative probabil-
ities to photoinduce the various processes.

[11 J. Fuchs, S. Béhme, S., F. Oswald, P. N. Hedde, M.
Krause, J. Wiedenmann, and G. U. Nienhaus, A Pho-
toactivatable Marker Protein for Pulse-chase Imaging with
Superresolution, Nature Methods 7, 627-630 (2010).
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Biophysical study of the complex between

the 14-3-3 protein and phosducin

M. Kacirova’?, L. Rezabkova'?, P. Herman®,

J. Vecer®, M. Sulc* and T. Obsil'?

"Faculty of Science, Charles University in Prague,
Prague, Czech Republic, ?Institute of Physiology,
Academy of Sciences of the Czech Republic, Prague 4,
Czech Republic, 3Faculty of Mathematics and Physics,
Inst. Physics, Charles University in Prague; Prague,
Czech Republic, *Institute of Microbiology, Academy
of Sciences of the Czech Republic; Prague,

Czech Republic

Phosducin (Pd) is a Gyffy-binding protein that is highly expres-
sed in photoreceptors. Pd is phosphorylated in dark-adapted
retina and is dephosphorylated in response to light. Dephos-
phorylated Pd binds G; protein fy-heterodimer with high affinity
and inhibits its interaction with Gio. or other effectors, whereas
phosphorylated Pd does not. Therefore Pd down-regulates the
light response in photoreceptors. Phosphorylation of Pd at S54
and S73 leads to the binding of the 14-3-3 protein. The 14-3-3
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proteins function as scaffolds modulating the activity of their
binding partners and their role in Pd regulation is still unclear.
The 14-3-3 protein binding may serve to sequester phosphor-
ylated Pd from Gy or to decrease the rate of Pd
dephosphorylation and degradation. We performed several
biophysical studies of the 14-3-3:Pd complex. Analytical ultra-
centrifugation was used to determine the complex
stoichiometry and dissociation constant. Conformational
changes of Pd induced both by the phosphorylation itself and
by 14-3-3 binding were studied using the time-resolved fluo-
rescence spectroscopy techniques. This work was funded by
Grant P305/11/0708 of the Czech Science Foundation and by
Research Project MSM0021620857 of the Ministry of Educa-
tion, Youth, and Sports of the Czech Republic.

P-399

BMH-dependent activation of yeast enzyme neutral

trehalase

V. Obsilova', D. Veisova', E. Macakova', L. Rezabkova'?
Institute of Physiology Academy of Sciences of the Czech

Republic, 14220 Prague, Czech Republic, 2Depan‘menz‘

of Physical and Macromolecular Chemistry, Faculty

of Science, Charles University, 12843 Prague, Czech Republic

Trehalase (EC 3.2.1.28) is a glycoside hydrolase enzyme that
catalyzes the conversion of «, a-trehalose to two molecules of
glucose. Yeast BMH1 and BMH2 proteins (yeast 14-3-3 iso-
forms) form a complex with neutral trehalase (NTH1) after its
phosphorylation by PKA. We showed that PKA phosphory-
lates NTH1 in vitro on four Serine residues: 20, 21, 60 and 83.
To find out which site or sites are essential for the BMH binding
we produced NTH1 WT (both phosphorylated and non-
phosphorylated), four NTH1 mutants containing single phos-
phorylation site, one double phosphorylated NTH1 mutant (at
Ser20 and 21) and a mutant containing none of these studied
phosphorylation sites as well. The interaction between BMH1
and BMH2 protein with enzyme NTH1 was monitored using
native electrophoresis and sedimentation velocity measure-
ments. The sedimentation equilibrium analysis was used to
define the stoichiometry of NTH1/BMH complexes. Finally, we
used enzyme kinetic measurements to monitor the BMH-
dependent activation of NTH1.

Supported by Grant IAA501110801 of the Grant Agency of
the Academy of Sciences of the Czech Republic, by Grant
350111 of the Grant Agency of the Charles University and by
Research Project AV0Z50110509 of the Academy of Sci-
ences of the Czech Republic.
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Mossbauer spectroscopy of various oxyhemoglobins
in relation to their structure and functions

M.l. Oshtrakh®, A.L. Berkovsky?, A. Kumar?,

A.V. Vinogradov*, T.S. Konstantinova®,

V.A. Semionkin', S. Kundu®

"Ural Federal University, Ekaterinburg, Russia,
2Hematological Research Center of the Russian Academy
of Sciences, Moscow, Russia, 3University of Delhi South
Campus, New Delhi, India, 4Ural State Medical Academy,
Ekaterinburg, Russia

Méssbauer spectroscopy with a high velocity resolution was
used for comparative study of various oxyhemoglobins for
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analysis of the heme iron electronic structure and protein
structure-function relationship. Samples of pig, rabbit and
normal human oxyhemoglobins and oxyhemoglobins from
patients with chronic myeloleukemia and multiple myeloma
were measured using Mdssbauer spectrometric system with
a high velocity resolution at 90 K. Méssbauer spectra were
fitted using two models: one quadrupole doublet (model of
equivalent iron electronic structure in a— and f—subunits of
hemoglobins) and superposition of two quadrupole doublets
(model of non-equivalent iron electronic structure in o— and
p—subunits of hemoglobins). In both models small variations
of Mdssbauer hyperfine parameters (quadrupole splitting and
isomer shift) were observed for normal human, rabbit and pig
oxyhemoglobins and related to different heme iron stereo-
chemistry and oxygen affinity. Small variations of MGssbauer
hyperfine parameters for oxyhemoglobins from patients were
related to possible variations in the heme iron stereochem-
istry and function.

This work was supported in part by the RFBR (grant # 09-02-
00055-a) for M.1.O. and Government of India (BT/PR11275/
GBD/27/150/2008) for S.K.
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Structure-function relationships in spider silk
Michel Pézolet and Thierry Lefévre

Université Laval, Québec, Canada

The different types of silk produced by orb-weaving spiders
display various mechanical properties to fulfill diverse functions.
For example, the dragline silk produced by the major ampulate
glands exhibits high toughness that comes from a good trade-off
between stiffness and extensibility. On the other hand, flagelli-
form silk of the capture spirals of the web is highly elastic due to
the presence of proline and glycine residues. These properties
are completely dictated by the structural organization of the fiber
(crystallinity, degree of molecular orientation, secondary struc-
ture, microstructure), which in turn results from the protein
primary structure and the mechanism of spinning. Although the
spinning process of dragline silk begins to be understood, the
molecular events occurring in the secretory glands and leading
to the formation of other silk fibers are unknown, mainly due to a
lack of information regarding their initial and final structures.
Taking advantage of the efficiency of Raman spectromicros-
copy to investigate micrometer-sized biological samples, we
have determined the conformation of proteins in the complete
set of glands of the orb-weaving spider Nephila clavipes as well
as in the fibers that are spun from these glands.

P-402

Structural study of the 14-3-3/RGS3 protein complex

L. Rezabkova'?, P. Man?2, P. Novak®®, P. Herman®,

J. Vecer®, T. Obsil"?

Faculty of Science, Charles University in Prague, Prague,
Czech Republic; ZInstitute of Physiology, Prague, Czech
Republic; SInstitute of Microbiology, Prague, Czech Republic;
“Institute of Physics, Charles University in Prague, Prague,
Czech Republic

In this study we were particularly interested in 14-3-3 ( /
RGS3 protein complex. The crystal structure of RGS



Structure of proteins and protein complexes

S$145

domain of RGS3 at 2.3A resolution was solved. The stoi-
chiometry of 14-3-3 ( /RGS3 protein complex was
elucidated using the analytical ultracentrifugation. To map
the interaction between 14-3-3( and RGS3 protein we
performed a wide range of biophysical measurements: H/D
exchange and cross link experiments coupled to mass
spectrometry, FRET (Forster resonance energy transfer)
time-resolved fluorescence experiments, time-resolved
tryptophan fluorescence spectroscopy and SAXS (small
angle X-ray scattering) measurements. Based on all these
results we build 3D model of 14-3-3 { /RGS3 protein
complex. Our model revealed new details on architecture of
complex formed by 14-3-3 proteins. To date all known
structure of 14-3-3 proteins complexes suggests that the
ligand is docked in the central channel of 14-3-3 protein.
Our results indicate that the RGS domain of RGS3 protein
is located outside the central channel of 14-3-3( protein
interacting with less-conserved residues of 14-3-3(.

This work was funded by Grant IAA501110801 of the Grant
Agency of the Academy of Sciences of the Czech Republic
and by Grant 28510 of the Grant Agency of the Charles
University.
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Solution structure and self assembly properties

of soluble RAGE

Zsuzsa Sérkéany’, Teemu lkonen?, Frederico Ferreira-da-
Silva', Maria JoZo Saraiva'3, Dmitri Svergun? and Ana
Margarida Damas'-

"IBMC-Institute for Molecular and Cell Biology, University
of Porto, Portugal, °European Molecular Biology Laboratory,
Hamburg Outstation, Germany, 3ICBAS - Instituto de
Ciéncias Biomédicas Abel Salazar, University of Porto,
Portugal

The Receptor for Advanced Glycation End-products
(RAGE) is a multiligand cell surface receptor involved in
various human diseases. The major alternative splice
product of RAGE comprises its extracellular region that
occurs as a soluble protein (SRAGE). Although the struc-
tures of SRAGE domains were available, their assembly into
the functional full length protein remained unknown. Here
we employed synchrotron small-angle X-ray scattering to
characterize the solution structure of human sRAGE. The
protein revealed concentration-dependent oligomerization
behaviour, which was also mediated by the presence of
Ca?" ions. Rigid body models of monomeric and dimeric
sRAGE were obtained from the scattering data recorded at
different solvent conditions. The monomer displays a J-like
shape while the dimer is formed through the association of
the two N-terminal domains and has an elongated structure.
The results provided insight into the assembly of i) the
heterodimer sRAGE:RAGE, which is responsible for block-
age of the receptor signalling, and ii) RAGE homodimer,
which is necessary for signal transduction, paving the way
for the design of therapeutical strategies for a large number
of different pathologies.
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Three-dimensional structure of ClpB, a chaperone

that rescues aggregated proteins

Melisa Lazaro", Urko del Castillo®3, Gorka Lasso', Sergio
Pérez-Acebron?2, Fernando Moro?3, Xabier Agirrezabala,
David Gil", Arturo Muga®?3, and Mikel Valle'*

"Structural Biology Unit, Centre for Cooperative Research
in Biosciences, CICbioGUNE. Derio, Spain, 2Biophysics Unit
(CSIC/UPV) and Department of Biochemistry and Molecular
Biology, University of the Basque Country, Bilbao, Spain

ClpB is a hexameric AAA+ ATPase that extracts unfolded
polypeptides from aggregates by threading them through its
central pore. The contribution of coiled-coil M domains is
fundamental for the functional mechanism of this chaperone,
and its location within the protein structure in previous
structural models is contradictory. We present cryo-electron
microscopy structural analysis of ClpB from E. coli in several
nucleotide states. The study reveals a novel architecture for
ClpB and shows that M domains form an internal scaffold
located in the central chamber of ClpB hexamers. This inner
structure transmits local signals due to ATP binding and
hydrolysis by AAA+ domains. Surprisingly, coiled-coil M
domains are seen to bend significantly around a hinge region
that separates two structural motifs. Our results present
a new framework to understand ClpB-mediated protein
disaggregation.

P-407

Streptomyces clavuligerus isoenzymes involved

in clavulanic acid biosynthesis: a structural approach
D.F. Vieira', L.S. Goto?, C.O. Hokka?,

A.P.U. Araujo’

1Physics Institute of Sdo Carlos (IFSC)/USP, Séao Carlos, SP,
Brazil, ’Chemical Engineering Department/ Universidade
Federal de Sao Carlos (UFSCar), Sao Carlos, SP, Brazil

Clavulanic acid (CA) is a potent p-lactamase inhibitor pro-
duced by Streptomyces clavuligerus. N2-(2-9arboxy§thyl)
arginine synthase (CEAS) and proclavaminate amidino
hydrolase (PAH) catalyze the initial steps in the biosynthesis
of CA. Recently ceas1and pahigenes (paralogous of ceas
and pah) were related to the CA biosynthesis but their
products have not been studied yet. Here we present the
initial structural analysis of CEAS1 and PAH1 using bio-
physical techniques. Pah1 and ceas1 genes were isolated
from the genomic DNA of S. clavuligerus and overexpressed
in E. coli. The recombinant proteins were purified by affinity
chromatography and analyzed by size exclusion chroma-
tography, non-denaturing PAGE, dynamic light scattering,
far-UV Circular Dichroism (CD) and fluorescence spectros-
copy. Our results showed that PAH1 and CEAS1 were
obtained as hexamer and dimer respectively. Both proteins
showed an o/f folding, being stable up to 35°C. Above this
temperature protein unfolding was observed but the com-
plete unfolding was not observed, even at 100°C. Moreover
CEAS1 and PAH1 showed to be stable over a wide pH range
(pH 5.5 — 9.5). We are currently working on improving
CEAS1 crystals which are a promising step towards the
elucidation of the CEAS1 structure. Supported by FAPESP.
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Structural and biochemical studies show divergent
allosteric mechanisms in glycoytic enzymes

Hugh P. Morgan', lain W. McNae', Matthew W. Nowicki',
Francis O'Reilly’, Paul A. M. Michels?, Linda A. Fothergill-
Gilmore" & Malcolm D. Walkinshaw'

"Centre for Translational and Chemical Biology, Institute

of Structural and Molecular Biology, The University

of Edinburgh, Michael Swann Building, The King’s Buildings,
Mayfield Road, Edinburgh EH9 3JR, UK, 2Welcome trust
centre for cell biology, The University of Edinburgh, Michael
Swann Building, The King’s Buildings, Mayfield Road,
Edinburgh EH9 3JR, UK

We have solved a series of eukaryote pyruvate kinase X-ray
structures from the parasite Leishmania mexicana (LmPK)
and the human M1 (hsM1PK) and M2 (hsM2PK) isoforms.
Despite identical active sites and similar overall tetramer
architecture, the details of allosteric activation are surpris-
ingly different.

The parasite enzymes use the effector molecule fructose 2,6
bisphosphate (F26BP).A series of four LmPYK crystal
structures solved in all possible ligated states (+/- F26BP
and substrate +/- F26BP) shows that enzyme activation is
the result of a conformational change, whereby a concerted
rocking motion primes the active sites. This activated state is
locked by binding the F26BP effector; this ‘rock-and-lock’
mechanisms explains activating role of effector which binds
over 40 A away from the active site.

In mammals the M2 isoform is found in rapidly proliferating
(e.g. embryonic and cancer) cells and is allosterically regu-
lated by F16BP. The M1 isoform is an alternative spliced
variant and is constitutively active and differs in only 22 amino
acids. A direct comparison of the first X-ray crystal structure of
hsM1PK with hsM2PK (crystallised under identical condi-
tions) shows how the 22 different amino acids affect the
tetramer interface. Together with light scattering and gel fil-
tration data we show that allosteric regulation in M2 PK is best
explained in terms of a monomer-tetramer equilibrium.

P-409

DISCO: dichroism, imaging & spectrometry

for chemistry and biology

Frank Wien, Alexandre Giuliani, FrédéricJamme,
ValérieRouam and Matthieu Réfrégiers

Synchrotron SOLEIL, L’'Orme des Merisiers, 91192 Gif sur
Yvette Cedex, France

DISCO at SOLEIL Synchrotron (France) is a VUV to visible
beamline and operational since Sept. 2009. Three endsta-
tionsserve the biology and chemistry communities resolving
the common scientific topic of Bio- macromolecular structure
interactions.

e Synchrotron Radiation Circular Dichroism

e Mass spectrometry following VUV photoionisation

e Fluorescence imaging with lifetime and spectral
measurements

Here we will present the SRCD experiment. High photon flux
of 10'"%hotons / sec, improved detector performances as
well as user-orientated software developments have proven

@ Springer

to be the garants for successful data collections,which con-
siderably increased the information content obtained. The
exploration into the charge transfer region of the peptide
bonds is adding specifically new insights. Low sample vol-
umes of as little as 2ul per spectra as well as convenient
sample chamber handling allow for economic and efficient
data collections. Typical spectra acquisition from 280 to
170nm, last for 9 min for three scans with a 1nm step
size. Prior to high resolution based techniques, SRCD
spectrawill answer questions about folding states of macro-
molecules including DNA, RNA and sugar macromolecules
as well as their complexes with proteins and specially
membrane proteins.
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Structure of an intercellular channel formed

during sporulation in Bacillus subtilis

Amanda McFeat, Elena Blagova,Vladimir Levdikov,

Mark Fogg, Richard Bingham, Jen Potts, Keith Wilson,
Anthony J. Wilkinson

Dept. of Chemistry, University of York, York YO10 5YW, UK

Sporulation in Bacillus subtilis begins with an asymmetric cell
division producing a smaller cell called the forespore, which
initially lies side-by-side with the larger mother cell. In a
phagocytosis-like event, the mother cell engulfs the fores-
pore so that the latter is internalised as a cell-within-a-cell.
Engulfment involves the migration of the mother cell mem-
brane around the forespore until the leading edges of this
engulfing membrane meet and fuse. This releases the
forespore, now surrounded by a double membrane, into the
mother cell cytoplasm.

Membrane migration during engulfment is facilitated by the
interacting proteins SpollQ and SpolllAH that are mem-
brane-associated and expressed in the forespore and the
mother cell respectively '. They interact in the intercellular
space and function initially as a molecular zipper and later
they participate in a more elaborate complex in which
SpollQ and SpolllAH are integral components of an inter-
cellular channel. This channel is a topic of much current
interest, having initially been proposed as a conduit for the
passage from the mother cell to the forespore of a specific,
but putative, regulator of the RNA polymerase sigma factor,
¢© 2 and later as a gap junction-like feeding tube 3 through
which the mother cell supplies molecules for the biosyn-
thetic needs of the forespore. Here we present data on the
structure and interactions of SpollQ and SpolllAH gleaned
from biophysical methods and protein crystallography.
These data lead to a plausible model for the intercellular
channel.

1. Broder, D. H. & Pogliano, K. (2006). Forespore engulf-
ment mediated by a ratchet-like mechanism. Cell 126,
917-928.

2. Meisner, J., Wang, X., Serrano, M., Henriques, A. O. &
Moran, C. P. J. (2008). A channel connecting the mother
cell and forespore during bacterial endospore formation.
Proc. Natl. Acad. Sci. 105, 15100-15105.

3. Camp, A. H. & Losick, R. (2009). A feeding tube model
for activation of a cell-specific transcription factor during
sporulation in Bacillus subtilis. Genes Dev. 23,
1014-1024.
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Kinetic studies of vimentin early assembly and filament
elongation

Stefan Winheim, Norbert Miicke, Harald Herrmann & Jorg
Langowski

German Cancer Research Center, 69120 Heidelberg,
Germany

In vitro assembly of intermediate filament (IF) proteins is a
rapid three-step process. First, tetrameric subunits associate
laterally into unit length filaments (ULFs). In the second step
filaments elongate by longitudinal annealing via end-to-end
fusion of their ends. Third, these filaments compact radially
into smooth IFs. Here, we analyzed the first two steps. The
rapid lateral assembly kinetics of human recombinant
vimentin were studied in a stopped-flow device with light
scattering detection. By comparing wild type vimentin and a
mutant that remains in ULF state, the contributions of the
lateral and longitudinal assembly to the light scattering signal
could be separated. Longitudinal assembly of vimentin IFs
was examined by analyzing the time-dependent length dis-
tribution by total internal reflection fluorescence microscopy
(TIRFM). These profiles are used to develop robust models
that describe the time-dependent filament length distribution
of IFs. In order to visualize the mechanisms of late elongation
directly, we mixed short filaments containing either Alexa
488- or Alexa 647-labeled vimentin for further assembly. The
striped structure of the filaments thus obtained unambigu-
ously showed that IFs elongate through direct end-to-end
annealing of shorter filaments.

Live cell imaging
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Dynamics and organization of alpha3-containing glycine
receptors using single molecule detection

Kristof Notelaers'?, Susana Rocha?, Nick Smisdom’, Daniel
Janssen', Jochen C. Meier®, Jean-Michel Rigo', Johan
Hofkens? and Marcel Ameloot’

'Biomedical Research Institute, Hasselt University

and School of Life Sciences, Transnational University,
Limburg, Diepenbeek, Belgium, 2Department of Chemistry,
Katholieke Universiteit Leuven, Celestijnenlaan, Heverlee,
Belgium, *RNA Editing and Hyperexcitability Disorders
Helmholtz Group, Max Delbriick Center for Molecular,
Medicine, Berlin, Germany

The glycine receptor (GlyR) is a chloride permeable ligand
gated ion channel and that can mediate synaptic inhibition.
Due to a possible involvement in the pathophysiology of tem-
poral lobe epilepsy, the different properties of GlyRs containing
alpha3L and K subunit isoforms are currently investigated.
Previous characterizations of homomeric receptors consisting
of these isoforms have shown a difference in their electro-
physiological properties and their membrane distribution as
observed by diffraction-limited fluorescence microscopy. We
studied these isoforms, when separately expressed in trans-
fected HEK 293T cells, by using single molecule tracking
(SMT) inliving cells and direct stochastic optical reconstruction
microscopy (dSTORM) on fixated cells. For both techniques

the GlyRs are stained using a primary antibody directly labeled
with Alexa Fluor dyes. The dSTORM experiments support the
observation that alpha3L GlyR are clustered, while the
alpha3K GlyRs are more uniformly spread. The analysis of the
short range diffusion coefficients obtained by SMT reveals the
presence of heterogeneous motion for both isoforms. The
K-isoform has a higher fraction of fast diffusion. In contrast, the
L-isoform is more associated with slow diffusion and appears
to undergo hindered diffusion.

P-415

Use of fluorescence microspectroscopy to study
nanoparticles delivery into living cancer cells

Z. Arsov'?, |. Urbancic', M. Garvas’, D. Biglino'-?,
A. Ljubetic!, T. Koklic'?, J. Strancar'?

TJozef Stefan Institute, Ljubljana, Slovenia, Center
of Excellence NAMASTE, Ljubljana, Slovenia

Since nanoparticles are suitable for tumor therapy due to
their passive targeting to cancer cells by enhanced perme-
ability and retention effect [1], it is important to understand
mechanisms of their delivery into the living cancer cells. In
this respect we have developed a modular spectral imaging
system based on a white light spinning disk confocal fluo-
rescence microscope and a narrow tunable emission filter.
Firstly, interaction of polymer nanoparticles and cells labeled
with spectrally overlapping probes was examined. The use of
fluorescence microspectroscopy (FMS) allowed co-localiza-
tion, which showed that the size of polymer nanoparticles
strongly influences their transfer across the cell plasma
membrane. Next, the delivery of liposomes (composed of
cancerostatic alkylphospholipid (OPP) and cholesterol)
labeled with environment-sensitive fluorescent probe was
monitored. We were able to detect a very small shift in
emission spectra of cholesterol-poor OPP liposomes inside
and outside the cells, which would not be possible without
the use of FMS. This shift implies that the delivery of these
liposomes into cancer cells is based on fusion with the cell
membrane [2].

[11 V. Torchilin, Adv. Drug Deliv. Rev. 63, 131-135 (2011)
[2] Z. Arsov et al., submitted.
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Engineering the excited state of fluorophores for high
resolution imaging of bio- and soft-matter

Ranieri Bizzarri,! Giovanni Signore,? Paolo Bianchini,®
Gerardo Abbandonato,"? Antonella Battisti,?> Andrea Pucci,*
Riccardo Nifosi," Alberto Diaspro,® and Fabio Beltram2
"NEST, Scuola Normale Superiore and Istituto Nanoscienze
— CNR, Pisa, ltaly, 2Center for Nanotechnology Innovation
@NEST, Italian Institute of Technology, Pisa, Italy,
SNanophysics group, Italian Institute of Technology, Genova
Italy, *Dipartimento di Chimica e Chimica Industriale,
Universita di Pisa, Italy, r.bizzarri@sns.it

High-resolution optical imaging techniques make now
accessible the detection of nanofeatures in bio-and soft-
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matter by non-ionizing visible radiation. However, high-res-
olution imaging is critically dependent by the fluorescent
probes used for reporting on the nano-environment. On
account of our long-standing interest in the development of
fluorescent probes, we set out to design and engineer new
fluorescent systems for nanoscale imaging and sensing of
biological specimens and soft-matter. These fluorophores
report on fast subtle changes of their nanoscale environment
at excited state and are meant to fulfill these requirements: a)
optical responses (intensity, wavelength-shift, lifetime,
anisotropy) predictably related to the environmental polarity,
viscosity, macromolecular structure, b) high brightness
allowing for single-molecule detection, ¢) easily conjugable to
biomolecules or macromolecules of interest. Notably, we aim
at conjugating these properties with the capability of nanos-
copy imaging based on Stimulated Emission Depletion or
Stochastic Reconstruction Optical Microscopy. In this lecture
the main features and applications of the engineered probes
will be reviewed and future developments in this exciting field
will be discussed.
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Novel 3D single particle methods reveal new details
in the foamy virus entry and fusion processes

A. Dupont', K. Stirnnagel®, D. Schupp", F. Perrotton’,

E. Mllers?, D. Lindemann? and D.C. Lamb"

"Department of Chemistry and Biochemistry, Ludwig-
Maximilians-Universitét, Munich, Germany, ?Institute

of Virology, Technische Universitét Dresden, Medizinische
Fakultat “Carl Gustav Carus”, Dresden, Germany

Foamy virus (FV) is an atypical retrovirus which shares
similarities with HIV and hepatitis B viruses. Despite
numerous biochemical studies, its entry pathway remains
unclear, namely membrane fusion or endocytosis. To tackle
this issue, dual color fluorescent viruses were engineered
with a GFP labeled capsid and a mCherry labeled enve-
lope. Using high resolution 3D imaging and 3D single virus
tracing, we followed the entry of the fluorescent viruses in
living cells with a precision of 30nm in the plane and 40 nm
along the optical axis. To distinguish between the two
possible pathways, we developed a novel colocalization
analysis method for determining the moment along every
single trace where the colors separate, i.e. the fusion event.
The combination of this dynamical colocalization information
with the instantaneous velocity of the particle and its posi-
tion within the reconstructed 3D cell shape allows us to
determine whether the separation of capsid and envelope
happens at the cell membrane or from endosomes. We
then compared two types of FV and demonstrated, con-
sistently with previous pH-dependency studies, that the
prototype FV can enter the cell by endocytosis and mem-
brane fusion, whereas the simian FV was only observed to
fuse after endocytosis.
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Regulation of PIP2 clustering in neuron-like model cells
by synaptic protein palmitoylation

Maria J. Sarmento, Sandra N. Pinto, Fabio Fernandes,
Manuel Prieto

Centro de Quimica-Fisica Molecular and Institute

of Nanoscience and Nanotechnology, Instituto Superior
Técnico, Complexo I, Avenida Rovisco Pais, 1049-001
Lisbon, Portugal

Phosphatidylinositol 4,5-bisphosphate (PI(4,5)P,) is a minor
component of the plasma membrane known to a critical
agent in the regulation of synaptic transmission. Clustering of
P1(4,5)P, in synaptic active zones is important for synaptic
transmission. However, Pl(4,5)P, does not spontaneously
segregate in fluid lipid membranes and another mechanism
must be responsible for the lateral segregation of this lipid in
active zones. Clustering of PI(4,5)P, is expected to be
associated with lipid-protein interactions and possibly parti-
tion towards lipid rafts in the plasma membrane. Here we
analyze the influence of protein palmitoylation on the for-
mation of PI(4,5)P, clusters and on synaptic protein-
P1(4,5)P, interaction by means of Férster resonance energy
transfer measurements by fluorescence lifetime imaging
(FRET-FLIM) and FRET confocal microscopy.
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Imaging SpolllE proteins during Bacillus subtilis
sporulation by in-vivo PALM microscopy

JB. Fiche, N. Dieckmann, E. Margeat, P. Dosset,

M. Nollmann, D. Cattoni

Centre de Biochimie Structurale, CNRS UMR 5048 - UM 1 -
INSERM UMR 1054, Montpellier, France

Under adverse conditions, B. Subtilis produces stable, dor-
mant endospores to enhance its survival (Kay, 1968; Errington,
2003). During sporulation an entire chromosome is transferred
into the forespore. This process starts by the formation of an
asymmetrically located division septum that leads to the for-
mation of two unequally sized compartments: a large mother-
cell and a smaller forespore. The septum traps about 30% of
the chromosome to be transferred into the forespore. The
remaining (~ 3Mbp) are then translocated from the mother cell
into the forespore by an active mechanism involving the Spo-
IIE DNA translocase. The mechanisms of translocation,
particularly the control of the directionality, still remains
unknown and various models have been proposed so far.

Since each model predicts very different distribution of
SpolllE proteins at the sporulation septum, we used PALM
microscopy (photoactivated localization microscopy) to
investigate proteins localization in live-sporulating bacteria.
Using this technique, we showed that SpolllE proteins are
forming a single tight focus at the septum with a character-
istic size of around 30nm. More surprising, the focus is
usually localized in the mother cell compartment and the
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mean distance between the SpolllE focus and the septum is
35nm. Our data suggest that during the translocation pro-
cess, SpolllE proteins are only forming stable complexes on
the mother cell side, allowing then for a control of the chro-
mosome translocation from the mother cell to the forespore.

P-420

Fast mobility of Bicoid captured by fluorescence
correlation spectroscopy in live Drosophila embryos
Asmahan Abu-Arish"?, Aude Porcher®, Chris Cabral’,
Nathalie Dostatni®, Cécile Fradin’

"McMaster University, Hamilton, Canada, 2Present address:
McGill University, Montreal, Canada, 3Institut Curie, Paris,
France

Morphogenetic gradients determine cell identity in a con-
centration-dependent manner and do so in a way that is both
incredibly precise and remarkably robust. In order to under-
stand how they achieve this feat, one needs to establish the
sequence of molecular mechanisms starting with morphogen
gradient formation and leading to the expression of down-
stream target genes. In fruit flies, the transcription factor
Bicoid (Bcd) is a crucial morphogen that forms an exponential
concentration gradient along the embryo AP axis and turns on
cascades of target genes in distinct anterior domains. We
measured Bcd-EGFP mobility in live D. melanogaster
embryos using fluorescence correlation spectroscopy and
fluorescence recovery after photobleaching. We found that
Bcd-EGFP molecules had a diffusion coefficient on the order
of ~ 7 um?/s during nuclear cycles 12-14, both in the cyto-
plasm and in nuclei. This value is large enough to explain the
stable establishment of the Bcd gradient simply by diffusion.
On the other hand, in the context of the extremely precise
orchestration of the transcription of the hunchback Bcd target
gene, it is too slow to explain how a precise reading of Bicoid
concentration could be achieved at each interphase without
the existence of a memorization process.
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Single molecule studies of key processes during

the initiation of innate and adaptive immune response
Kristina Ganzinger', James McColl', Ricardo Fernandez?,
Kate Irvine®, Clare E. Bryant®, Nicholas J. Gay*,

Simon Davis?, David Klenerman'’

"Departement of Chemistry, University of Cambridge,
Cambridge, UK, ’Nuffield Department of Clinical Medicine
and MRC Human Immunology Unit, University of Oxford,
John Radcliffe Hospital, Headington, Oxford, UK,
3Department of Veterinary Medicine, University

of Cambridge, Cambridge, UK, 4Department of Biochemistry,
University of Cambridge, Cambridge, UK

The two pillars of the vertebrate immune system are the innate
and adaptive immune response, which confer resistance to
pathogens and play a role in numerous diseases. Here we
exploit single molecule fluorescence imaging on live cells to
study the key molecular processes that underpin these
responses. The first project looks at the changes in the organi-
sation of Toll-ike receptor 4 (TLR4) on the cell surface of
macrophages upon activation via Lipopolysaccharide (LPS), as
it is currently not known whether a higher level of TLR4

organisation is required for the signalling process. Macrophages
natively express TLR4 at a low level which allows for oligo-
merisation to be analysed in live cells by dynamic single
molecule colocalisation (DySCo) using data obtained by total-
internal reflection fluorescence (TIRF) microscopy. The experi-
ments of the second project aim at determining the critical initial
events in T-cell triggering by labelling key proteins like the TCR
receptor and CD45 on the surface of live T-cells and following
how their spatial distribution changes following the binding of the
T-cell to a surface. This enables us to distinguish between the
different models of T-cell triggering which are based on aggre-
gation, segregation or a conformational change of the TCR.

P-423

The study of cells using scanning force microscopy
Amy R. Hall, Ana L. Morales Garcia, Adrian R. Eley, Matthew
E. Rogers, Stephen A. Rolfe, Mark Geoghegan

The University of Sheffield, Sheffield, UK, London School
of Hygiene and Tropical Medicine, London, UK

The poster is focused on an interdisciplinary area of research
concerning the surface properties of different cells, including
pathogens. The use of Scanning Force Microscopy (SFM) to
image and determine surface characteristics of Chlamydia
trachomatis bacteria and two species each of Rhodococcus
bacteria and Leishmania parasites will be discussed. Further to
this, research into the adhesive properties of Leishmania
promastigotes is proposed. This requires fabrication of different
glycopolymer modified surfaces/tips to replicate some of the
conditions experienced by the parasite whilst in the insect host.
The prokaryotic and eukaryotic organisms considered have
different impacts on the environment; C. trachomatis and
Leishmania undergo complex multi-stage lifecycles and
cause widespread human disease. This gives the research
importance in a medical context, providing information that
could be useful for future drug or vaccine research. The
diverse species of genus Rhodococcus have potential for
use as biofilms for environmental bioremediation.

The research should result in a combination of adhesion data
and topographic images of the organisms, allowing accurate
investigation of surface properties both in ambient conditions
and when imaged in aqueous conditions such as under a
saline buffer. Functionalization of SFM tips with hydrophilic or
hydrophobic groups allows the study of interactions between
the functional molecules and the surface of the organism,
thus mapping the hydrophobicity of the organism’s surface.
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Tracing the microscopic motility of unicellular parasites
Axel Hochstetter', Eric Stellamanns?, Sravanti UppaluriZ,
Niko Heddergott®, Markus Engstler®, Thomas Pfohl'?
1Departement Chemie, Universitit Basel, Basel,
Switzerland, 2Max-Planck-Institut fiir Dynamik und
Selbstorganisation, Géttingen, Germany, 3Biozentrum,
Universitédt Wiirzburg, Wiirzburg, Germany

The motility of unicellular parasites in mammalians seems

very interesting, yet very complex. In a world, were inertia
cannot be used for propulsion, in a world at low Reynolds
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numbers, most of our everyday strategies of self-propulsion
do not work.

One class of parasites that know their way around, the fla-
gellate Trypansome, manage not only to survive in the blood
stream, which is a lot faster than its own propulsion velocity
and where the Trypanosome is constantly attacked by its
host's immune response, but also to penetrate the blood-
brain-barrier, which actually should be to tight to enter. Even
though Trypanosomes are known for more than 100 years,
their motility behaviour is not completely elucidated yet.
Now, using high-speed darkfield-microscopy in combination
with optical tweezers in microfluidic devices and analyzing
the recorded data, new light has been shed on the motility of
these parasites. Astonishing results show that Trypano-
somes are very well adapted to their hosts environment, they
even can abuse red blood cells for their self-propulsion and
use the bloodstream itself to drag antibodies bound to their
surface to their cell mouth, where the antibodies are endo-
cytosed and digested.
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FRET approaches to signal transduction: from QD
biosensors to live-cell EGFR signaling

Thomas M. Jovin', M. Julia Roberti?, Sebastian

A. Diaz?, Guillermo O. Menéndez?, Elizabeth

A. Jares-Erijman?, lwona Ziomkiewicz',

and Donna J. Arndt-Jovin'

"Laboratory of Cellular Dynamics, Max Planck Institute

for Biophysical Chemistry (MPIbpc), 37077 Gdttingen,
Germany, 2Departamento de Quimica Orgénica, Facultad de
Ciencias Exactas y Naturales, Universidad de Buenos Aires,
Ciudad Universitaria, 1428 Buenos Aires, Argentina; Partner
Group of the MPIbpc (EAJ-E)

The first part of the presentation will discuss nanoparticle
(quantum dot, QD) biosensors and nanoactuators that exploit
novel and unusual FRET phenomena in the induction/detec-
tion of protein aggregation [1], reversible on-off QD
photoswitching [2], and pH sensing [3]. The second part of the
presentation will feature the application of an integrated
chemical biological FRET approach for the in situ (in/on living
cells) detection of conformational changes in the ectodomain
of a receptor tyrosine kinase (the receptor for the growth factor
EGF) induced by ligand binding [4]. The measurements were
conducted with a two-photon scanning microscope equipped
with TCSPC detection; novel methods for lifetime analysis ad
interpretation were employed to confirm the concerted domain
rearrangements predicted from X-ray crystallography.

[1] Roberti M.J., Giordano L., Jovin T.M., and Jares-Erijman
E.A.” FRET Imaging by ki/ki". ChemPhysChem 12:563-
566 (2011).

[2] Diaz S.A., Menéndez G.O., Etchehon M.H., Giordano
L., Jovin T.M., and Jares-Erijman E.A. “Photoswitchable
Water-Soluble Quantum Dots: pcFRET Based on
Amphiphilic Photochromic Polymer Coating”. ACSNano
5:2795-2805 (2011).

[8] Menéndez G.O. et al., manuscript in preparation (2011).

[4] Ziomkiewicz I. et al., manuscript in preparation (2011).
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Detecting protein conformational states in C. elegans
in vivo by confocal fluorescence anisotropy

Volker Henschel, Alessandro Esposito?, Eugenia
Butkevich', Christoph F. Schmidt ', Fred S. Wouters®,
Dieter R. Klopfenstein'

Drittes Physikalisches Institut, Georg August Universitat
Géttingen, Germany, 2Hutchison/MRC Research Centre,
MRC Cancer Cell Unit, Cambridge, UK, 3Abteilung Neuro-
und Sinnesphysiologie, Zentrum Physiologie und
Pathophysiologie, Universitdt Géttingen, Germany

The study of protein-protein interactions in vivo is often
hindered by the limited acquisition speed of typical instru-
mentation used, for instance, for lifetime imaging microscopy.
Anisotropy polarization is altered by the occurrence of Foerster
Resonance Energy Transfer (FRET) and anisotropy imaging
was shown to be comparatively fast and simple to implement.
Here, we present the adaptation of a spinning disc confocal
microscope for fluorescence anisotropy imaging that allowed
to achieve in vivo imaging at high spatial and temporal reso-
lution. We demonstrate the capabilities of this system and
in-house developed analysis software by imaging living
Caenorhabditis elegans expressing constitutive dimeric and
monomeric proteins that are tagged with GFP.
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Measuring intracellular viscosity: from molecular rotors
to Photodynamic Therapy of cancer

Marina K. Kuimova

Department of Chemistry, Imperial College London,
Exhibition Road, SW7 2AZ, UK

Viscosity is one of the main factors which influence diffusion
in condensed media and is crucial for cell function. However,
mapping viscosity on a single-cell scale is a challenge. We
have imaged viscosity inside live cells using fluorescent
probes, called molecular rotors, in which the speed of rota-
tion about a sterically hindered bond is viscosity-dependent
[1-3]. This approach enabled us to demonstrate that viscosity
distribution in a cell is highly heterogeneous and that the
local microviscosity in hydrophobic cell domains can be up to
100x higher than that of water. We demonstrated that the
intracellular viscosity increases dramatically during light
activated cancer treatment, called Photodynamic therapy
(PDT) [2]. We also demonstrated that the ability of a fluoro-
phore to induce apoptosis in cells during PDT [4], or to act as
a benign molecular rotor, measuring viscosity, can be con-
trolled by carefully selecting the excitation wavelength in
viscous medium [5].

[11 M. K. Kuimova, et al J. Amer. Chem. Soc., 2008, 130,
6672

[2] M. K. Kuimova, et al, Nature Chem., 2009, 1, 69

[3] J. A Levitt, et al J. Phys. Chem. C, 2009, 113, 11634

[4] H. A. Collins, et al Nature Photonics, 2008, 2, 420-425

[5] M. K. Kuimova, et al J. Amer. Chem. Soc., 2009, 131,
7948
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Design of structured microenvironments for single cell
transfection studies

C. Leonhardt, G. Schwake and J. O. Radler
Ludwig-Maximilians-University Munich,

Department of Physics and Center for Nanoscience
(CeNS), Geschwister Scholl Platz 1, Muenchen,

D-80539, Germany

In the field of biophysics and nanomedicine, the cellular
reaction and the kinetics of gene expression after transfec-
tion of live cells with plasmid DNA or gene-silencing siRNA is
of great interest. In a previous study on the transfection
kinetics of non-viral gene-transfer [1] we realised that the
development of single-cell arrays would be a great step
towards easy-to-analyse, high-throughput transfection stud-
ies. The regular arrangement of single cells would overcome
the limitations in image-analysis that arise from whole pop-
ulations of cells. In addition to that, the analysis of expression
kinetics at the single-cell can help to identify the cell-to-cell
variability within a cell population. In order to develop suitable
single-cell arrays, we are currently adjusting the different
parameters of such a microenvironment (e.g. size, shape,
surface-functionalisation) in order to end up with a defined
surrounding for single-cell transfection studies. In addition to
that, we try to find the optimal uptake pathway for each of the
different applications.

[1] G. Schwake et al., Biotechnol. and Bioeng. 105(4) (2010)
805.
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Single molecule imaging of amyloid-peptide

and the prion protein receptor on neurons
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"University of Cambridge, Chemistry Department,
Cambridge, United Kingdom, ?Cambridge Institute

for Medical Research, Cambridge, United Kingdom

The neurodegenerative disorder Alzheimer’'s disease (AD)
causes cognitive impairment such as loss of episodic mem-
ory with ultimately fatal consequences. Accumulation and
aggregation of two proteins in the brain - amyloid beta and
tau - is a characteristic feature. These soluble proteins
aggregate during the course of the disease and assemble
into amyloid-like filaments. Recently it was found that the
toxicity of soluble amyloid beta oligomers must also be taken
into account for the pathogenesis of cognitive failure in AD. If
oligomers are the predominant toxic species it would be
pertinent to determine how they disrupt and impair neuronal
function. The prion protein (PrP) receptor has been proposed
to mediate amyloid beta binding to neuronal cells. We have
characterised the interaction of the amyloid beta and the PrP
receptor expressed on hippocampal and neuroblastoma cells
at the single-molecule level. We do not detect any colocal-
isation of either the 40 or 42 amino acids variants with the
PrP receptor.
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SFM study of bacterial cell walls
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"Physics and Astronomy Department, The University

of Sheffield, Sheffield, United Kingdom, 2Animal and Plant
Science Department, The University of Sheffield, Sheffield,
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Bacterial biofilms are of the utmost importance in the study
of environmental bioremediation and the design of materials
for medical applications. The understanding of the mecha-
nisms that govern cell adhesion must be analysed from the
physics point of view in order to obtain quantitative
descriptors.

The genus Rhodococcus is widely spread in natural envi-
ronments. The species are metabolically diverse and thus
they can degrade a wide range of pollutants. Due to their
high hydrophobicity, these cells are very resistant to harsh
conditions, are able to degrade hydrophobic substances (e.g.
oil) and attach to high-contact angle surfaces. The hydro-
phobicity of several strains of Rhodococcus is measured and
mapped using Chemical Force Microscopy (CFM) in the
present study.

CFM relies on the functionalisation of Scanning Force
Microscopy (SFM) tips using hydrophobic or hydrophilic
groups. In CFM, the microscope is operated in the force-
volume mode, which combines adhesion data with topo-
graphic images. The careful control of the tip chemistry
permits the study of interactions between the functional
groups on the tip and the bacterial surface, thus allowing the
assessment of hydrophobicity.

In order to perform a CFM study, the cells need to be firmly
anchored to a substrate under physiological conditions (i.e.
under a nutrient media or a saline buffer). To this end, several
adhesive surfaces have been tested in order to find the one
that gives the best results.
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Super-resolution microscopy in live-cell imaging
Per Niklas Hedde'®, Susan Gayda', Karin Nienhaus'
and G. Ulrich Nienhaus'-2

TInstitute of Applied Physics & Center for Functional
Nanostructures, Karlsruhe Institute of Technology,
D-76131 Karisruhe, Germany, 2Department of Physics,
University of lllinois at Urbana-Champaign, Urbana, IL
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3Correspondence should be addressed to uli@uiuc.edu

Optical microscopy is arguably the most important technique
for the study of living systems because it allows 3D imaging
of cells and tissues under physiological conditions under
minimally invasive conditions. Conventional far-field micros-
copy is diffraction-limited; only structures larger than ~200
nm can be resolved, which is insufficient for many applica-
tions. Recently, techniques featuring image resolutions down
to ~20 nm have been introduced such as localization

@ Springer



S$152

Live cell imaging

microscopy (PALM, STORM) and reversible saturable optical
fluorescent transition microscopy (RESOLFT, STED). These
methods are well suited for live-cell imaging and narrow the
resolution gap between light and electron microscopy
significantly.

We have used PALM imaging to study the formation and
disassembly of focal adhesions of live HelLa cells in a high
resolution pulse-chase experiment using monomeric IrisFP
[1]. mlrisFP is a photoactivatable fluorescent protein that
combines irreversible photoconversion from a green- to a
red-emitting form with reversible photoswitching between a
fluorescent and a nonfluorescent state in both forms. In our
experiments a subpopulation of mirisFP molecules is
photoconverted to the red form by irradiating a specified
region of the cell with a pulse of violet light. Migration of
tagged proteins out of the conversion region can be studied
by subsequently localizing the proteins in other regions of the
cell by PALM imaging, now using the photoswitching capa-
bility of the red species. Real-time image reconstruction
developed in our lab [2] allowed instant control imaging
parameters.

[1] J. Fuchs, S. Béhme, S., F. Oswald, P. N. Hedde, M.
Krause, J. Wiedenmann, and G. U. Nienhaus, A Photoacti-
vatable Marker Protein for Pulse-chase Imaging with
Superresolution, Nature Methods 7, 627-630 (2010).

[2] P. N. Hedde, J. Fuchs, F. Oswald, J. Wiedenmann, and
G. U. Nienhaus, Online Image Analysis for Photoactivation
Localization Microscopy, Nature Methods 6, 689-690
(2009).
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Fluorescence live cell imaging of A549 cells in presence
of PVP-Hypericin: Modifying excitation light dose of blue
LED
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Live cell imaging of cancer cells is often used for in-vitro studies
in connection with photodynamic diagnostic and therapy (PDD
and PDT). Especially in presence of a photosensitizer, this live
cellimaging can only be performed over relatively short duration
(at most 1 hour). This restriction comes from the light-induced
cell damages (photodamages) that result from rapid fluores-
cence photobleaching of photosensitizer. While these studies
reveal exciting results, it takes several hours to discover the
detailed effects of the photosensitizer on cell damage. Up to our
knowledge, however, there is no general guideline for modifi-
cation of excitation light dose to achieve that.

In this paper, the relation between excitation light doses,
photobleaching of photosensitizer (PVP-Hyperycin) and cell
vitality are investigated using human lung epithelial carcinoma
cells (A549). The strategy of this paper is to reduce the exci-
tation light dose by using a low-power pulsed blue LED such
that the structures are visible in time-lapse images. Fluores-
cence signals and image quality are improved by labelling the
cells with an additional non-toxic marker called carboxy-
fluorescein-diacetate-succinimidyl-ester (CFSE). In total we
collected 2700 time-lapse images (time intervals 2 min) of
dual-marked A549 cells under three different light intensities
(1.59, 6.34 and 14.27 mW/cm?) and a variety of pulse lengths
(0.127, 1.29, 13, 54.5 and 131 ms) over five hours. We have
found that there is a nonlinear relationship between the amount
of excitation light dose and cell vitality. Cells are healthy, i.e.
they commence and complete mitosis, when exposed to low
light intensities and brief pulses of light. Light intensities higher
than 6.34 mW/cm? together with pulse durations longer than
13 ms often cause cell vesiculation, blebbing and apoptosis. In
all other cases, however, we found no cell death. In the future,
this striking nonlinearity will be studied in more detail.
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Intranuclear visualization and distribution analysis

of Pre Integration Complexes in MLV and HIV-1 infected
cells

V. Quercioli', C. Di Primio", L. Mulder? and A. Cereseto®
"Laboratory of Molecular Biology, Scuola Normale Superiore
of Pisa, Piazza dei Cavalieri 7, Pisa, ltaly, 2Laboratory

of Microbiology, Mount Sinai School of Medicine, New York,
NY, 3Laboratory of Molecular Virology, Centre for Integrative
Biology (CIBIO), University of Trento, Trento, Italy

Here we report for the first time the visualization of MLV viral
particles in the nuclear compartment of infected cells. We
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developed a fluorescent MLV virus by fusing GFP to the in-
tegrase (IN) of MLV. This system provides the possibility to
efficiently detect MLV Pre Integration Complexes (PIC) inside
the nuclei of infected cells. A detailed analysis of the spatial
distribution of these fluorescently labelled PICs inside the
nucleus has been performed: infected cells have been
transfected with a fluorescent H2B histone or stained with
epigenetic markers of heterochromatin (H3K9me3) or
euchromatin (H4K16ac). Moreover, a comparative analysis
was performed relatively to fluorescently labelled HIV-1 PICs
(visualized by the trans-incorporation of IN-EGFP into the
viral particle). The proposed system allows a detailed char-
acterization of the intranuclear distribution of MLV fluorescent
viral particles in infected cells and represents a powerful tool
to investigate potential interactions between MLV PICs and
cellular factors.
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Multifunctional ion conductance microscopy

for biophysical studies at nanoscale

Andrew |. Shevchuk

Experimental Physiology, Division of Experimental Medicine,
Department of Medicine, Imperial College London, London,
UK (a.shevchuk@ic.ac.uk)

Progressive advances in scanning ion conductance micros-
copy (SICM)[1] enabled us to convert ordinary scanning
probe microscope (SPM) in to versatile multifunctional tech-
nique. As an imaging tool, ion conductance microscopy is
capable to deliver highest possible topographical resolution
on living cell membranes among any other microscopy
techniques[2]. Also, it can visualize surfaces complexity of
those makes them impossible to image by other SPMs[3]. lon
conductance microscopy combined with a battery of powerful
methods such as fluorescence resonance energy transfer
(FRET) [4], patch-clamp, force mapping, localized drug
delivery, nano-deposition and nano-sensing is unique among
current imaging techniques. The rich combination of ion
conductance imaging with other imaging techniques such as
laser confocal and electrochemical [5] will facilitate the study
of living cells and tissues at nanoscale.

References
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Fluorescence of living cells during senescence
and stress

Natalja Shkute, Juliana Orlova, Alexandr Petjukevich
Institute of Ecology, Daugavpils University, Daugavpils,
Latvia

Fluorescence of cells is an effective method which allows for
defining changes in a set of cell metabolites initially, directly
in living cells even at insignificant damage. Green plants emit
a red fluorescence (RF, 630-700 nm), a far-red fluorescence
(FRF, 700-800 nm), both from chlorophyll, and a blue-green
fluorescence (BGF, 400-630 nm) vacuoles of epidermis that
are related to secondary plant metabolism and UV- protec-
tion and piridine [NAD(P)H] and flavine nucleotides, the
cofactors of metabolism. The emission spectrum depends on
plant species, stage of development, anatomy and environ-
mental factors experienced by the plant.

First leaves of wheat (Triticum aestivum L.), march penny-
wort (Hydrocotyle vulgaris L.) and coleoptiles of wheat
(Triticum aestivum L.) seedlings, which were growing in light
and dark conditions, were used to determine fluorescence
of whole cells. Fluorescence emission spectrum was mon-
itored by fluorescent microscopy using the spectrometer
USB 4000. Fluorescence intensity F490, F680, F710 and
F740 was determined and data was statistically analyzed in
ANNOVA. We observed that BGF, RF and FRF intensity
increased in the first leaves with the age of the seedlings. In
the coleoptiles was observed great BGF intensity increase
with the age of the seedlings. In the coleoptiles decreased
RF intensity of the 144 and 196 hours old seedlings, and
BGF intensity decreased of 196 hours old seedlings. It was
found that emission spectrum and fluorescence intensity
changes are induced by the lack of light and salt (NaCl)
stress. Analysis of fluorescence spectrum can quickly and
accurately indicate the outset of light and salt stress in
plants.

There are analogical changes in fluorescence emission
spectrum of plant cells in senescence and stress conditions.
It was assumed that environmental stress and senescence
have common mechanisms in plants. This changes can be
monitored by fluorescent microscopy.
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Triple-colour super-resolution imaging in living cells
Markus Staufenbiel, Stephan Wilmes, Domenik Lisse,
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Super-resolution fluorescence imaging techniques based
on single molecule localisation has opened tremendous
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insight into the sub-micrometre organisation of the cell.
Live cell imaging techniques such as fluorescence photo-
activation localization microscopy (FPALM) are currently
limited to dual-colour detection due to the restricted avail-
ability of red-fluorescent photoswitchable proteins. We
employed photoswitching of the oxazine dye ATTO655
under reducing conditions for super-resolution imaging in
the cytoplasm of living cells. For efficient and specific
covalent labelling of target proteins, we have made use of
the HaloTag system. ATTO655 was coupled to the HaloTag
Ligand (HTL) and fast reaction of HTL-ATTO655 with the
HaloTag enyzme was confirmed in vitro by solid phase
binding assays. Efficient labelling of the membrane cyto-
skeleton using Lifeact fused to the HaloTag was observed
and super-resolution imaging was readily achieved. Based
on this approach, we managed to follow the nanoscale
dynamics of the actin cytoskeleton as well as clathrin-
coated pits using clathrin light chain fused to the HaloTag.
We combined this technique with FPALM for triple-
colour super-resolution imaging of the spatial distribution
of membrane receptors in context of the membrane
skeleton.
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Simultaneous, multicolour single molecule imaging

of the entire ErbB receptor family in live cells

Stephen Webb, Christopher Tynan, Laura Zanetti
Domingues, Benjamin Coles, Selene Roberts, Daniel Rolfe,
Sarah Needham, Michael Hirsch, David Clarke and Marisa
Martin-Fernandez

Research Complex at Harwell, STFC Rutherford Appleton
Laboratory, Didcot, United Kingdom

The ErbB family of receptor tyrosine kinases consists of
four transmembrane proteins that transduce signals across
the membrane to control cell fate. Growth factor binding
results in homo- and hetero-interactions between these
receptors at the membrane. ErbB receptors are implicated
in many cancers, making them a target for therapeutic
drugs. To date, studies of ErbB interactions have been
limited to individual family members or specific pairs, giving
an incomplete picture of the highly complex behaviour
controlling positive and negative feedback loops and sig-
nalling outcomes.

To investigate ErbB receptor interactions, we have devel-
oped TIRF-based single molecule fluorescence
microscopes capable of simultaneously imaging three, and
soon five, fluorescence probes in live cells. We have also
developed a catalogue of extrinsic fluorescent probes for
1:1 labelling of both endogenous and transfected ErbB
family members in mammalian cells, plus a Bayesian
approach to the analysis of single molecule data. This
allows us to track active and inactive ErbB family members
at the basal surface of a model breast cancer cell line that
expresses physiological levels of all four receptors. We
present here initial characterisation of the entire ErbB family
together in the cell membrane.

@ Springer
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Revealing the stoichiometry of endogenous G protein-
coupled receptors (GPCRs) at the surface of live cells
using single molecule imaging

Laura Weimann', James McColl', James Felce?, Simon
Davis?, David Klenerman'

"Departement of Chemistry, University of Cambridge,
Cambridge, UK, 2Nuffield Department of Clinical Medicine
and MRC Human Immunology Unit, University of Oxford,
John Radcliffe Hospital, Headington, Oxford, UK

The human genome contains more than 800 G protein-
coupled receptors (GPCRs); overall, 3-4% of the mamma-
lian genome encodes these molecules. Processes
controlled by GPCRs include neurotransmission, cellular
metabolism, secretion, and immune responses. However it
is the stoichiometry of these receptors that is the most
controversial. The starting point for understanding GPCR
function was the idea that these receptors are monomeric.
On the other hand a lot of recent studies favour the concept
that GPCR form dimers and are not capable of signalling as
independent monomers. Recent single molecule studies try
to solve this dilemma by suggesting that GPCRs form
transient dimers with a lifetime of ~100 ms. However
questions remain about the physiological relevance of the
preparations necessary for these studies, since they have
not been performed on endogenous receptors. Here, we
directly image individual endogenous receptors using an
equimolar mixture of two colour fluorescent Fab fragments.
We can then determine the receptors stoichiometry by
quantifying its dynamic single molecule colocalisation (Dy-
SCo) recorded by total-internal reflection fluorescence
(TIRF) microscopy.

Trends in neutron scattering for biology
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Function of phosphoglycerate kinase enabled by large
domain movements

R. Biehl'2, R. Inoue', T. Rosenkrantz?, J. Fitter?

and D. Richter'-?

Jiillich Centre for Neutron Science, Forschungszentrum
Jilich, Germany, 2Institute for Complex Systems,
Forschungszentrum Jiilich, Germany, Institute for Chemical
Research, Kyoto University, Kyoto, Japan

The biological function of enzymes is often related to large-
scale domain movements. Configurational changes are
observed by methods like x-ray crystallography, which give a
static image of the protein. Are these changes due to the
substrate binding or are they also related to the crystal
confinement, which favors specific configurations? In solu-
tion the protein can have a different configurations and
undergo large scale fluctuations.

Phosphoglycerate kinase (PGK) has a widely open domain
structure with a hinge near to the active center between the
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two domains. The hypothesis of a substrate-induced con-
figuration change, was first proposed by Banks et al. based
on the comparison of crystal structures.

We have recently investigated the domain dynamics of PGK
(1). Structural analysis by small angle neutron scattering
revealed that the structure of the holoprotein in solution is
more compact as compared to the crystal structure, but
would not allow the functionally important phosphoryl transfer
between the substrates, if the protein would be static.
Brownian large scale domain fluctuations on a timescale of
50 ns was revealed by neutron spin echo spectroscopy. The
observed dynamics shows that the protein has the flexibility
to allow fluctuations and displacements that seem to enable
function.

[11 Inoue et al, Large Domain Fluctuations on 50-ns
Timescale Enable Catalytic Activity in Phosphoglycerate
Kinase, Biophysical Journal (2010), 99, 2309-2317
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Deciphering membrane insertion of the diphtheria toxin
translocation domain

Alexandre Chenal'?3, Lydia Prongidi-Fix®, Aurélie Perier?,
Christopher Aisenbrey®, Grégory Vernier?, Stephan
Lambotte®, Giovanna Fragneto®, Burkhard Bechinger®,
Daniel Gillet?, Vincent Forge?, and Michel Ferrand?
TInstitut Pasteur, Paris, France, 2CEA, Grenoble and Gif sur
Yvette, France, 3Institut de Chimie, Strasbourg, France,
“Institut Laue Langevin, Grenoble, France,

E-mail : alexandre.chenal@pasteur.fr

Many physiological and pathological processes involve
insertion and translocation of soluble proteins into and across
biological membranes. However, the molecular mechanisms
of protein membrane insertion and translocation remain
poorly understood. Here, we describe the pH-dependent
membrane insertion of the diphtheria toxin T domain in lipid
bilayers by specular neutron reflectometry and solid-state
NMR spectroscopy. We gained unprecedented structural
resolution using contrast-variation techniques that allow us to
propose a sequential model of the membrane-insertion pro-
cess at angstrom resolution along the perpendicular axis of
the membrane. At pH 6, the native tertiary structure of the T
domain unfolds, allowing its binding to the membrane. The
membrane-bound state is characterized by a localization of
the C-terminal hydrophobic helices within the outer third of
the cis fatty acyl-chain region, and these helices are oriented
predominantly parallel to the plane of the membrane. In
contrast, the amphiphilic N-terminal helices remain in the
buffer, above the polar headgroups due to repulsive elec-
trostatic interactions. At pH 4, repulsive interactions vanish;
the N-terminal helices penetrate the headgroup region and
are oriented parallel to the plane of the membrane. The
C-terminal helices penetrate deeper into the bilayer and
occupy about two thirds of the acyl-chain region. These
helices do not adopt a transmembrane orientation. Interest-
ingly, the T domain induces disorder in the surrounding
phospholipids and creates a continuum of water molecules
spanning the membrane. We propose that this local desta-
bilization permeabilizes the lipid bilayer and facilitates the
translocation of the catalytic domain across the membrane.
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Fluorinated surfactants (FSs) for studying membrane
proteins (MPs)

C. Ebel', C. Breyton'2, F. Gabel', M. Abla®, Y. Pierre?,

F. Lebaupain?, G. Durand®, J.-L. Popot?, B. Pucci®

IBS, CEA-CNRS-Univ. Grenoble, France., 2IBPC, CNRS-
Univ. Paris-7, Paris, France, SLCBSM, Univ. Avignon et Pays
de Vaucluse, France

The limited stability in vitro of MPs motivates the search of
new surfactants (1-4). FSs with a polymeric hydrophilic
head proved to be mild towards MPs (1).New FSs were
designed with chemically defined polar heads for structural
applications. Lac- derivative was efficient in keeping several
MPs water soluble and active but formed elongated rods
(2). The Glu- family was synthesized, characterized in by
SANS and AUC and for its biochemical interest. The for-
mation of rods is related to the low volumetric ratio between
the polar head and hydrophobic tail. The surfactant bearing
two Glucose moieties is the most promising one, leading to
both homogeneous and stable complexes for both BR and
the bgf. It was also shown be of particular interest for the
structural investigation of membrane proteins using SANS

(1) Breyton et al 2004 FEBS Lett 564, 312.
(2) Lebaupain et al 2006 Langmuir 22, 8881.
(3) Breyton et al 2009 Biophys J 97, 1077.
(4) Gohon et al 2008 Biophys J 94, 3523.
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Protein dynamics explored by Moéssbauer effect
and neutron scattering

Hans Frauenfelder

Los Alamos National Laboratory, Los Alamos, NM, USA

Protein functions are determined by structure and dynam-
ics. The naked protein provides the structures that permit
the motions necessary for the functions. The bulk solvent
and the hydration shell are crucial for the control of the
motions through producing two types of fluctuations, called
o and fn. The o fluctuations originate in the bulk solvent,
affect the shape of the protein, and open channels. The f,
fluctuations originate in the protein’s hydration shell, depend
critically on hydration, but are independent of the solvent
viscosity. They control internal motions’. To prove the
connection between external fluctuations and protein
motions tools are needed that measure fluctuations and
motions externally and internally over broad ranges of time
and temperature. The Mdssbauer effect and quasielastic
neutron scattering are such tools. In proteins both tech-
nigues show a rapid increase of the mean-square-
displacement (msd) above about 180 K. The increase is
accompanied by the appearance of a broad band. The
standard explanation of the increase, dubbed “dynamical
transition”, is controversial and no satisfactory explanation
for the broad band has been put forward. A new interpre-
tation of the Mdssbauer effect in proteins proves that there
is no dynamical transition and that the separation into a
sharp line and a broad band is misleading. The broad band
is inhomogeneous and is composed of sharp lines that
have been shifted by py fluctuations in the protein’s
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hydration shell and « fluctuations in the bulk solvent. In
crystals the « fluctuations are absent. Using the dielectric
spectrum of the f, fluctuations, we predict the shape of the
Méssbauer spectrum from 80 K to 295 K with one dimen-
sionless coefficient. The explanation is important for the
dynamics of proteins and for the interpretation of quasi-
elastic neutron scattering in complex systems.

1. H. Frauenfelder et al. Proc. Natl. Acad. Sci. USA 106,
5129 (2009).
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The dynamic landscape in the multi-subunit protein,
apoferritin, as probed by high energy resolution neutron
spectroscopy

Mark. T. F. Telling" 2, Cameron Neylon?, Luke Clifton?,
Spencer Howells?, Lambert van Eijck3, and Victoria Garcia
Sakai®

7Depan‘ment of Materials, University of Oxford, Oxford, UK,
2ISIS Facility, STFC, Rutherford Appleton Laboratory,
Chilton, UK., 3TU Delft, Delft, The Netherlands

By combining elastic and quasi-elastic neutron scattering
data, and by applying theory originally developed to investi-
gate dynamics in glassy polymers, we have shown that in
lyophilised apoferritin above T ~ 100 K the dynamic
response observed in the pico- to nano-second time regime
is driven by CH3 dynamics alone, where the methyl species
exhibit a distribution of activation energies. Our results sug-
gest that over the temporal and spatial range studied the
main apoferritin peptide chain remains rigid. Interestingly,
similar results are reported for other smaller, more flexible
lyophilised bio-materials. We believe this work elucidates
fundamental aspects of the dynamic landscape in apoferritin
which will aid development of complex molecular dynamic
model simulations of super-molecules. A detailed apprecia-
tion of the relationships between dynamics and biological
function will require analysis based on such models that
realize the full complexity of macromolecular material.

P-446

Dynamics of DPPC vesicles in the presence

of bioprotectants

Victoria Garcia Sakai', Hirsh Nanda?,

Antonio Faraone?*, Michihiro Nagao®*

"ISIS Facility, STFC, Rutherford Appleton Laboratory,
Chilton, UK, 2NIST Center for Neutron Research, NIST,
Gaithersburg, MD,USA, 3Dept. of Materials Science &
Engineering, University of Maryland, College Park, MD, USA,
“Indiana University, Bloomington, IN, USA

Biological systems must often be stored for extended periods
of time. This is done by lyophilisation in the presence of
lyoprotectants, such as sugars, which results in stable
products at ambient conditions.[1] In an effort to understand
the mechanism of preservation and stabilization, the inter-
actions between sugars and liposome vesicles, which serve

@ Springer

as a simple membrane model, have been studied exten-
sively. Amongst the common sugars, trehalose has superior
preservative effects [1] and accumulates to high concentra-
tions in many anhydrobiotic organisms.

Despite many experimental and numerical studies three
mechanisms are proposed: Vvitrification [2], preferential
exclusion [3] and water replacement [4]. To gain more insight
into the stabilization mechanism we have recently investi-
gated the effect of trehalose on the bending elasticity of fully
hydrated unilamellar vesicles of 1,2-dipalmitoyl-phosphati-
dylcholine (DPPC) in D,0O at temperatures below and above
the lipid melting transition (Tm) using neutron spin-echo. The
data was analyzed using the Zilman-Granek theory. At all
temperatures measured, trehalose stiffens the bilayer sug-
gesting strong interactions between trehalose and the lipid.
Trehalose appears to broaden the melting transition but does
not change the Tm. This agrees with observations using
differential scanning calorimetry.

[1] L. Crowe et al, Arch. Biochem. Biophys 242 (1985)
240-247.

[2] J. H. Crowe et al, Annu. Rev. Physiol. 6 (1998) 73-103.

[3] S. N. Timasheff in Protein-Solvent Interactions (Dekker,
NY, 1995) 445-482.

[4] J. H. Crowe et al, in The Roles of Water in Foods
(Chapman & Hall, NY, 1998) 440-455
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Influence of macromolecular crowding on protein
stability

Stéphane Longeville, Clémence Le Coeur
Laboratoire Léon Birillouin, Gif-sur-Yvette, France

Cell interior is a complex environment filled with a variety of
different objects with respect to shape and size. Macromol-
ecules are present at a total concentration up to several
hundred grams per litre and the overall occupied volume
fraction can reach 6 ~ 0.3-0.4. Under crowding environment
protein- protein interaction play a fundamental role. The
crowding environment can affect some physical, chemical,
and biological properties of biological macromolecules [1,2].
Traditionally, protein folding is studied in vitro at very low
concentration of proteins. Under such conditions, small
globular single chain proteins can unfold and refold quite
rapidly depending mainly to the nature of the solvent. Such
processes have been very intensively studied, since folding
of proteins into their native structure is the mechanism, which
transforms polypeptide into its biologically active structure.
Protein misfolding is involved in a very high number of dis-
eases [4] (e.g. Alzheimer, Parkinson, and Kreuzfeld-Jacob
diseases, type Il diabetes, ...).

Theoretically, the problem was studied by the introduction of
the concept of excluded volume [5]. In recent papers [6,7],
Minton uses statistical thermodynamic models to address the
question. He predicted that inert cosolutes stabilize the
native state of proteins against unfolding state mainly by
destabilizing the unfolded state and that the dimension of the
unfolded state decreases with increasing the concentration
of cosolute in a measurable way.



Trends in neutron scattering for biology

S157

Small Angle Neutron Scattering (SANS) is a technique of
choice for such study because, by using appropriate mix-
tures of light and heavy water, it is possible to match the
scattering length density of the solvent to the one of the
cosolute and thus to measure the conformation of a molecule
at low concentration in a presence of a high concentration of
another one.

We will present a complete experimental study of the
mechanism that leads to protein stabilization by macromo-
lecular crowding [7,8].

[11 R. J. Eliis, Trends in Biochem Sciences 26 (2001)
597-604.

[2] A.P. Minton, J Biol Chem 276 (2001) 597-604.

[3] R.J. Ellis, Nature 416 (2002). 483-484.

[4] C. M. Dobson, Nature 426 (2003) 894-890.

[5] Y. Zhou and C.K. Hall, Biopolymers 38 (1996) 273-284.

[6] A.P. Minton, Biophysical J 78 (2000) 101-109.

[71 A.P. Minton, Biophysical J 88 (2005) 971-985.

[8] C. Le Coeur, B. Demé, and S. Longeville, Phys Rev E,
79 (2009) 031910.

[9] C. Le Coeur, J. Teixeira, P. Busch, and S. Longeville,
Phys Rev E, 81 (2010) 061914.
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Coupled dynamics of protein and hydration water
studied by inelastic neutron scattering and molecular
dynamics simulation

Hiroshi Nakagawa'-?, Mikio Kataoka'*

TJapan Atomic Energy Agency, Tokai, Japan, 2Juelich Centre
for Neutron Science, Forschungszentrum Juelich GmbH,
3Nara Institute of Science and Technology, lkoma, Japan

Proteins work in an aqueous environment at ambient tem-
perature. It is widely accepted that the proteins are flexible
and mobile. The flexibility and mobility, that is, protein
dynamics are essential for protein functions. Neutron inco-
herent scattering is one of the most powerful techniques to
observe protein dynamics quantitatively.

Here | will talk about dynamics of protein and its hydration
water. The structure of a soluble protein thermally fluctuates
in the solvated environment of a living cell. Understanding
the effects of hydration water on protein dynamics is
essential to determine the molecular basis of life. However,
the precise relationship between hydration water and protein
dynamics is still unknown because hydration water is ubig-
uitously configured on the protein surface. We found that
hydration level dependence of the onset of the protein
dynamical transition is correlated with the hydration water
network. Hydration water dynamics change above the
threshold hydration level, and water dynamics control protein
dynamics. These findings lead to the conclusion that the
hydration water network formation is an essential property

that activates the anharmonic motions of a protein, which are
responsible for protein function.
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Nanobiology: membranes and proteins in motion
Maikel C. Rheinstadter

McMaster University, Hamilton, Ontario, and Canadian
Neutron Beam Centre, Chalk River Laboratories, Ontario,
Canada, rheinstadter@mcmaster.ca

One of the major challenges of neutron scattering is to
contribute to biology and life-sciences. Modern neutron
facilities and in particular the upcoming European Spallation
Source are premier research tools to tackle this important
challenge. Molecular dynamics and interactions in mem-
branes can be studied under physiological conditions using
neutron beams. | will present exciting recent results and
potential applications to demonstrate capabilities of present
and future neutron instrumentation.
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Thermal fluctuations of hemoglobin from different
species

Andreas M. Stadler,*" Christopher J. Garvey2, Francesca
Natali®, llya Digel*, Gerhard Artmann®, and Giuseppe
Zaccai®

"Research Center Jiilich, Jillich Center for Neutron Science
JCNS-1 and Institute for Complex Systems ICS-1, 52425
Jiilich, Germany, 2Australian Nuclear Science

and Technology Organisation, Locked Bag 2001, Kirrawee
DC, NSW 2232, Australia, *CNR-IOM, c/o Institut Laue-
Langevin, 6 rue Jules Horowitz, 38042 Grenoble, France,
4Aachen University of Applied Science, IfB, 52428 Jlilich,
Germany

Thermal motions and stability of hemoglobin of three endo-
therms (platypus - Ornithorhynchus anatinus, domestic
chicken - Gallus gallus domesticus and human - Homo sapi-
ens) and an ectotherm (salt water crocodile - Crocodylus
porosus) were investigated using neutron scattering and cir-
cular dichroism. The results revealed a direct correlation
between the dynamic parameters, melting -, and body tem-
peratures. On one hand, a certain flexibility of the protein is
mandatory for biological function and activity. On the other
hand, intramolecular forces must be strong enough to stabilize
the structure of the protein and to prevent unfolding. Our study
presents experimental evidence which support the hypothesis
that the specific amino acid composition of Hb has a significant
influence on thermal fluctuations of the protein. The amino acid
sequence of Hb seems to have evolved to permit an optimal
flexibility of the protein at body temperature. Macromolecular
resilience was found to increase with body and melting tem-
peratures, thus regulating Hb dynamics.
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Optical trapping microrheology in cultured human cells
E.Bertseva', D.Grebenkov?, S.Jeney', L.Forro'

Laboratory of Physics of Complex Matter, Ecole
polytechnique federale de Lausanne (EPFL), Station 3,
CH-1015 Lausanne VD, Switzerland., ?Laboratoire de
Physique de la Matiere Condensée, CNRS — Ecole

Polytechnique, F-91128 Palaiseau, France

Introduction: We present the microrheological study of the
two close human epithelial cell lines: non-malignant HCV29
and cancerous T24. The optical tweezers tracking was
applied to extract the trajectories of endogenous lipid gran-
ules which were analyzed using a recently proposed
equation for mean square displacement (MSD)".

Methods: The set-up is based on a Nd:YAG laser, with the
wavelength of 1064 nm. The endogenous granules of
diameter about 0.4 um have been chosen as the microrhe-
ological tracers, and the tracer trajectory is recorded through
the back focal plane interferometric position detection.
Results: Our 1MHz detection scheme has allowed to
observe the subdiffusion inside the living cells for the lag
times region 107°-1073 s. At long time the MSD becomes
influenced by the optical potential and tends to a constant.
Recently, Desposito and Vinales have derived the analytical
formula for the MSD in the case of subdiffusion influenced by
an optical trap':

<Ar2(t)>:Zkng(l—E1<—£z“)>, (1)

o

Where k is the trap spring constant, « is the subdiffusion
exponent and E, is the Mittag-Leffler function. The
parameters obtained by fitting this equation to the
experimental MSDs are summarized in Table 1.
Discussion and Conclusions:

At short lag times we have not found any difference between
the two cell types, contrarily to the previous results obtained
by AFM?. For both cell lines the subdiffusion exponent, « was
found close to 3%, the value predicted by the theory of
semiflexible polymers. But the crossover frequency X3, was
found smaller for the cancerous cells for all datasets. It cor-
responds to passage to the confined regime at longer times.

We attribute it to the bigger impact of molecular motors. The
cancerous cells show the larger MSDs at long lag time, what
confirms the literature results for other cell lines® and pro-
vides the explanation for the AFM results which have been
obtained at low frequency.

References:

™. A. Desposito and A. D. Vinales; 2009; Physical Review
E; 80: 021111-021117.

2S. E. Cross and et al; 2008; Nanotechnology; 19: 384003.

3Y. Li, J. Schnekenburger and M. H. G. Duits, Journal of
Biomedical Optics, 2009, 14, 064005
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Chemistry Department, University of Basel, Switzerland,
2Max Plank Institute for Dynamics and Self-Organization,

Géttingen, Germany

We study the spatiotemporal evolution of fibrous protein
networks present in the intracellular and extracellular matri-
ces. Here, we focus on the in vitro actin network dynamics
and evolution. In order to study the hierarchical self-assem-
bly of the network formation in a confined environment and
provide external stimuli affecting the system minimally, we
introduce a new microfluidic design.

The microfluidic setup consists of a controlling channel to
which microchambers of different shapes and sizes are
connected through narrow channels. This design results in
having mainly convective transport in the controlling channel
and diffusive transport into the microchamber. Rhodamine
labeled actin monomers diffuse into the chamber. After
polymerization is induced, they form a confined entangled
network. Cross-linking proteins can then be added to
increase the network complexity. Moreover, we can generate
gradients of reactants across the microchambers and

Table 1 Parameters obtained from fitting Eq. (1) to the MSD of the granules inside cells. The uncertainty is the standard

deviation of parameters between different granules

Trap stiffness (N/m) Cell line 2kg TIk(nm?) 2 X5 = (A) (Hz)
4.10° HCV29 1277+721 0.70+0.07 1149
T24 1413669 0.69+0.07 6+3
10° HCV29 6794258 0.73+0.02 36+18
T24 487+198 0.67-+0.05 10+7
3108 HCV29 18658 0.73+0.04 172488
T24 218452 0.75+0.03 166£103
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observe the response of the actin networks. These networks
are analyzed for various network properties such as length
distribution of links, connectivity distribution of nodes as well
as fluctuations of links and nodes.

P-454

Carbon nanotubes as mechanical probes of equilibrium
and non-equilibrium cytoskeletal networks

Nikta Fakhri', Jérg Enderlein®, Matteo Pasquali?, Frederick
C. MacKintosh®, Christoph F. Schmidt'

"Third Institute of Physics - Biophysics, Georg-August-
Universitét, Géttingen, Germany, 2Depan‘ment of Chemical
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and Astronomy, Vrije Universiteit, Amsterdam,

The Netherlands

Mechanics of cells are determined by the filamentous protein
networks of the cytoskeleton. The activity of motor proteins
typically creates strong fluctuations that drive the system out
of equilibrium. In order to characterize the networks one
needs probes that ideally span the characteristic length
scales between nanometers and micrometers. Single-walled
carbon nanotubes (SWNTs) are nanometer-diameter fila-
ments with tunable bending stiffness. On a Brownian energy
scale they have persistence lengths of about 20 — 100
micrometers and show significant thermal fluctuations on the
cellular scale of a few microns. Diffusive motion and local
bending dynamics of SWNTs embedded in a polymer net-
work reflect forces and fluctuations of the embedding
medium. We study the motion of individual SWNTs in equi-
librium and non-equilibrium networks by near infrared
fluorescence microscopy. We show that SWNTs reptate in
the network. We will discuss the possibility of relating the
local dynamic behavior of SWNTs as multi-scale probes to
the viscoelastic properties of the surrounding network.
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Structural and mechanical properties of VASP-mediated
f-actin bundle networks

B. Gentry', S. van der Meulen', P. Noguera?,
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Amsterdam, The Netherlands, 2Institut Curie UMR 168 Paris,
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Vasodilator-stimulated phosphoprotein (VASP) is a crucial
regulator of actin dynamics. It is important in cellular processes
such as axon guidance and migration, promoting assembly of
filopodia and lamellipodia. VASP’s multiple domain structure
increases the range of interactions it has with actin monomers,
filaments, and other proteins and it displays multiple binding
modes both in vitro and in vivo, including barbed end elonga-
tion and filament bundling. However, it is not fully understood
how VASP affects the structural and mechanical properties of
actin networks. We characterize VASP-mediated bundling of

actin networks in a simplified in vitro system using confocal
microscopy and quantify mechanical properties with rheology
measurements. We show that the network properties differ
from other actin bundling proteins and reflect VASP’s multiple
domain structure, displaying a complex bundling phase space
that depends upon solution conditions. We observe the for-
mation of large bundle aggregates accompanied by a
reduction in network elasticity at high protein ratios. In addition,
we change VASP’s actin binding mode and eliminate bundling
by introducing free actin monomers. Finally, we show pre-
liminary results from a biomimetic system that extends the
range of actin-VASP interaction.
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Cell migration or proliferation? The go or grow
hypothesis in cancer cell cultures

Tamés Garay, Eva Juhasz, Jozsef Timar, Balazs Hegedus
2"% Department of Pathology, Semmelweis University,
Budapest, Hungary

Background: Cancer related death is constantly growing in
the past decades. The mortality of solid tumors is mostly due
to the metastatic potential of tumor cells which requires a fine
adjustment between cell migration and cell proliferation. As
the metabolic processes in the cell provide a limited amount
of available energy (i.e. ATP) the various biological processes
like cell motility or DNA synthesis compete for the ATP
available. The go or grow hypothesis postulates that tumor
cells show either high migration or proliferation potential. In
our study we investigate on a large series of tumor cell lines
whether this assumption stands for malignant cells.
Materials and methods: Twenty tumor cell lines derived
from malignant mesothelioma (mesodermal origin) and
malignant melanoma (neuroectodermal origin) were sub-
jected to three-days-long time-lapse videomicroscopic
recordings. Cell motility and proliferation were characterized
by the probability of cell division within 24 hours and the
24-hour migration distance of the cells.

Results: We found a wide range in both the cell migratory
activity and the proliferation capacity in our series. The 24-hour
migration distance ranged from 40 to 300 micron and from 10
to 130 micron in mesothelioma and melanoma cells, respec-
tively. The lowest 24-hour cell division probability was found to
be 0.21 in both the melanoma and mesothelioma series while
the highest proliferation activity reached 1.1 and 1.4 in mela-
noma and mesothelioma, respectively. Interestingly, in the
melanoma cell lines we found a significant positive correlation
(r=0,6909; p=0,0186) between cell proliferation and cell
migration. In contrast our mesothelioma cell lines displayed no
correlation between these two cellular processes.
Conclusions: In summary our findings demonstrate that the
investigated tumor cells do not defer cell proliferation for cell
migration. Important to note the tumor cells derived from
various organ systems may differ in terms of regulation of cell
migration and cell proliferation. Furthermore our observation
is in line with the general observation of pathologists that the
highly proliferative tumors often display significant invasion of
the surrounding normal tissue.

@ Springer



S$160

Cytoskeleton and cell migration

0-459

Driving cytoskeletal remodeling by extracellular matrix
mechanics

Fitzroy J. Byfield, Qi Wen, Shang-You Tee, Paul A. Janmey
University of Pennsylvania, Philadelphia, PA 19104, USA

Many cell types are sensitive to mechanical signals. One
striking example is the modulation of cell proliferation, mor-
phology, motility, and protein expression in response to
substrate stiffness. Changing the elastic moduli of substrates
alters the formation of focal adhesions, the formation of actin
filament bundles, and the stability of intermediate filaments.
The range of stiffness over which different primary cell types
respond can vary over a wide range and generally reflects the
elastic modulus of the tissue from which these cells were
isolated. Mechanosensing also depends on the type of
adhesion receptor by which the cell binds, and therefore on
the molecular composition of the specific extracellular matrix.
The viscoelastic properties of different extracellular matrices
and cytoskeletal elements also influence the response of cells
to mechanical signals, and the unusual non-linear elasticity of
many biopolymer gels, characterized by strain-stiffening
leads to novel mechanisms by which cells alter their stiffness
by engagement of molecular motors that produce internal
stresses. The molecular mechanisms by which cells detect
substrate stiffness are largely uncharacterized, but simulta-
neous control of substrate stiffness and adhesive patterns
suggests that stiffness sensing occurs on a length scale much
larger than single molecular linkages and that the time nee-
ded for mechanosensing is on the order of a few seconds.

Janmey, P. A. and R. T. Miller. 2011. Mechanisms of
mechanical signaling in development and disease. J Cell Sci
124:9-18.

Tee, S. Y, J. Fu, C. S. Chen, and P. A. Janmey. 2011. Cell
shape and substrate rigidity both regulate cell stiffness.
Biophys J 100:L25-27
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Against the wall: microtubule dynamics is regulated
by force and end-binding proteins

Svenja-Marei Kalisch?, Olga Sytina’, Liedewij Laan'-2,
Marileen Dogterom’

TFOM-Institute for Atomic and Molecular Physics (AMOLF),
Amsterdam, The Netherlands, 2Department of Molecular
and Cellular Biology, Harvard University, Cambridge, USA

Microtubule (MT) plus-end dynamics is essential for cell mor-
phogenesis. It is regulated by specific end-binding proteins, as
well as by forces generated when MTs grow against obstacles
such as the cell cortex. However, it is largely unknown whether
end-binding proteins qualitatively or quantitatively change the
way MTs respond to force. We therefore investigate dynamic
MTs in the presence of the fission yeast proteins Mal3, Tea2,
and Tip1 in vitro. Head-on forces are created by growing the
MTs against micro-fabricated rigid barriers. Using TIRF
microscopy we show that the protein complex enhances MT
growth velocity and induces catastrophes. Moreover, in pres-
ence of the proteins and a force catastrophes become even
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more frequent. The catastrophe time then shortens by nearly
and order of magnitude. To improve our insight into the
underlying mechanism we need to elucidate the growth
velocities at the barrier with nanometer resolution. This we
achieve with force-clamped optical tweezers.

P-461

Expression of cytoskeletal protein titin during adaptation
to extreme conditions

Elena V. Karaduleva

Institute of Theoretical and Experimental Biophysics

of Russian Academy of Sciences, Pushchino, Russia

To explore potential role of cytoskeletal component in car-
diomyocyte for adaptation to extreme conditions was carried
out the comparative study of expression of cytoskeletal sar-
comeric protein titin in myocardium of ground squirrels during
hibernation and gerbils after spaceflight. We have revealed a
two-fold increase in content of long N2BA titin isoform as
compared to short N2B titin isoform in different heart cham-
bers of hibernating ground squirrels. The prevalence of the
long titin isoform is known to determine the larger extensi-
bility of heart muscle that promotes, according to Frank-
Starling law, the increase in force of heart contractility for
pumping higher viscous blood during torpor and adapting the
myocardium to greater mechanical loads during awakening.
Moreover, titin mRNA level showed seasonal downregulation
in which all hibernating stages differed significantly from
summer active level. It is possible that the decline of mMRNA
and protein synthesis during hibernation may be regarded as
the accommodation for minimization of energetic expendi-
tures. We have not revealed differences in titin mRNA levels
between control gerbils and gerbils after spaceflight. But we
have also observed the two-fold growth in the amount of
N2BA titin isoform in left ventricle of gerbils after spaceflight
that is likely to be directed to the restoration of the reduced
heart contractility at zero-gravity. These results suggest that
the increase of the content of the long N2BA titin isoform may
serve as universal adaptive mechanism for regulating of
heart function in response to the extreme conditions.

P-462

Interaction of WH2 domain of ABBA with monomeric
actin

Roland Kardos', Pekka Lappalainen?, Gabor Hild’
7University of Pécs, Faculty of Medicine, Department

of Biophysics, 7624 Pécs, Szigeti street 12, Hungary,
2University of Helsinki, Institute of Biotechnology, Program
in Cell and Molecular Biology, Helsinki, Finnland

ABBA is a novel member of the I-BAR protein family. I-BAR
proteins play an important role in the formation of membrane
protrusions by deforming the plasma membrane and recruiting
the components of the polymerising actin filament machinery.
They share a similar domain organisation which constitutes
the membrane and F-actin binding IMD domain and the
G-actin interacting WH2 domain. The role of the WH2 motif of
the I-BAR protein family is well characterized, however, the
function of the WH2 motif of ABBA has remained elusive. In the
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light of this consideration our research focused on the inter-
action of WH2 domain of ABBA with G-actin. The affinity of
WH2 motif of ABBA to ADP- and ATP-actin monomer was
investigated by applying fluorescence anisotropy measure-
ments. It turned out that the WH2 domain preferentially bound
to the polymerisation competent ATP-actin monomer. In
kinetic fluorescence assays the WH2 domain slowed down the
rate of nucleotide exchange on actin. This result was sup-
ported by fluorescence quenching experiments that revealed a
closed conformation for the nucleotide binding cleft of actin in
the presence of ABBA. Our findings suggest that the WH2
domain of ABBA behaves similarly to the typical WH2
domains, which means that it has a G-actin sequestering
function.

0-463

Are biomechanical changes necessary for tumor
progression?

Josef A. Kéas, Anatol Fritsch, Tobias Kiessling, David Nnetu,
Franziska Wetzel, Mareike Zink

Division for Soft Matter Physics, University of Leipzig,
Linnestr. 5, D-04103 Leipzig, Germany

With an increasing knowledge in tumor biology an over-
whelming complexity becomes obvious which roots in the
diversity of tumors and their heterogeneous molecular com-
position. Nevertheless in all solid tumors malignant
neoplasia, i.e. uncontrolled growth, invasion of adjacent tis-
sues, and metastasis, occurs. Physics sheds some new light
on cancer by approaching this problem from a functional,
materials perspective. Recent results indicate that all three
pathomechanisms require changes in the active and passive
cellular biomechanics. Malignant transformation causes cell
softening for small deformations which correlates with an
increased rate of proliferation and faster cell migration. The
tumor cell’s ability to strain harden permits tumor growth
against a rigid tissue environment. A highly mechanosensi-
tive, enhanced cell contractility is a prerequisite that tumor
cells can cross its tumor boundaries and that this cells can
migrate through the extracellular matrix. Insights into the
biomechanical changes during tumor progression may lead
to selective treatments by altering cell mechanics. Such
drugs would not cure by killing cancer cells, but slow down
tumor progression with only mild side effects and thus may
be an option for older and frail patients.

P-464

Investigating nuclear migration with the help of micro-
patterned surfaces

Alexa Kiss, Peter Horvath, Ulrike Kutay, Gabor Csucs
ETH Institute of Biochemistry, Ziirich, Switzerland

Nuclear migration is a general term for a non-random
movement of the nucleus toward specific sites in the cell.
This phenomenon has been described throughout the
eukaryotes from yeast to mammals. The process is however
still poorly understood in mammalian cells. By using micro-
contact printing we are able to regulate the geometry and
spreading of cultured cells. Adhesive micropatterns of

fibronectin provide an attachment surface for the cells
whereas the passivation of the surface by PLL-PEG prevents
protein, thus cell adhesion. Live cell imaging by time-lapse
microscopy has shown that under these conditions cells gain
a bipolar shape, and more interestingly, the nuclei of the cells
showed auto-reversed motion. Our research tries to under-
stand the molecular cues and mechanisms behind the
observed cellular and nuclear movement. We have already
shown that the cytoskeleton plays an important role in this
phenomena but the exact players and the detailed mecha-
nism remain to be clarified. In order to identify the most
important components and their relationship have drug
treatments and siRNA experiments have been applied.
Although our research focuses mainly on the motility of the
nucleus, it may also help to get a better understanding of the
general theme of cell migration.

P-466

Modulation of cell internal tension in response
to external geometrical adhesive cues

Kalpana Mandal*,Irene Wang, Martial Balland
Laboratoire interdiciplinaire de Physique, University
of Joseph Fourier, Grenoble, France

Mechanotransduction is one of the recent area that brings
attention of both physicists, chemists and biologists. Recent
progress at the interface between those fields have shown
that external physical cues can strongly affect cell behavior.
Thus, it has been demonstrated that external physical signals
such as substrate rigidity can have dramatic impacts on
cellular functions such as migration, adhesion, division and
also cell differentiation (A. Engler et all Cell 126: 677-689
(2006).).

Cells have the ability, via their cytoskeleton (cell internal
structure), to exert traction forces on their micro-environment.
These forces are transmitted to cell environment (substrate or
neighboring cells) through adhesive contacts. Reversely cells
are also submitted to forces from their environment (breath-
ing, muscle contraction etc etc...) Many tools have been
developed in order to elucidate this bidirectional biomechan-
ical interactions that has been shown to be fundamental for
tissue homeostasis. However current techniques have many
limitations related to their difficulties to obtain statistical
quantification regarding cell biomechanical activity.

Contrary to classical biological approaches, here | present a
novel technique that enable us to quantify cell forces that cell
exert on standardized micro-environments. Briefly, by using a
combination of Fast Fourier Traction force cytometry (Butler
et al. Am. J. Physiol. Cell Physiol. 2002) and Micropatterning
Technique (ChristopherChen et al.,Biotechnol. Prog. 1998,)
on soft hydrogel we are able to create regular array of cells
for which architecture is controlled at the single cell level.
Finally, as our micro-chips are designed on soft substrates
we are able to correlate these architecture to the forces
developed by the cells.

Algreen:actin,blue:nucleus, B/ Paxillin averaged over #19 C/
TFM of single cell

red:pattern

single cell on Tripod shape;

To conclude, my goal is to correlate absolute quantified force
with cytoskeletal organization.
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Simultaneous quantification of cellular motility, redox
status and membrane fluidity

G. Maulucci', M. Papi', G. Arcovito!, T. Galeotti?, G. Pani?,
M. De Spirito’

"Istituto di Fisica, Universita Cattolica del Sacro Cuore,
Roma, 2Istituto di Patologia Generale, Universita Cattolica
del Sacro Cuore, Roma

Cell motility involves a number of strategies that cells use to
move in their environments in order to seek nutrients, escape
danger and fulfii morphogenetic roles. When these pro-
cesses become uncontrolled, pathological behaviours, like
cancer or metastasis of cancerous cells, can occur. Here we
present a new method for the contextual quantification of
cellular motility, membrane fluidity and intracellular redox
state, by using the ratiometric, redox-sensitive protein rxYFP
and the ratiometric fluidity-sensitive probe laurdan. We pro-
vide evidence that dynamic redox and fluidity changes are
correlated with signaling processes involved in cellular
motility. These findings may pave the way to novel approa-
ches for the pharmacological control of cell invasiveness and
metastasis.

P-468

Manipulation of cellular mechanics

Anna Pietuch, Andreas Janshoff

Georg-August University, Tammanstral3e 6, 37077
Géttingen, Germany, E-mail: anna.pietuch@chemie.uni-
goettingen.de

Rheological properties of cells determined by the underly-
ing cytoskeleton (cortex) are key features in cellular
processes like cell migration, cell division, and cell mor-
phology. Today it is possible to investigate local cellular
elastic properties under almost physiological conditions
using the AFM. By performing force indentation curves on
local areas on a cell surface the use of contact mechanic
models provides the Young’'s modulus, comprising infor-
mation about the elastic properties of cells. The
administration of cytoskeleton modifying substances into
the cell is achieved by microinjection.
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We are also investigating morphological changes and
rearrangements of the cytoskeleton in time resolved
impedance measurements. Electric cell-substrate imped-
ance sensing is a label-free and minimal invasive
technique which allows monitoring morphological changes
of cells in real time. Readout of the impedance is sensitive
to changes in cell-substrate contacts as well as density of
cell-cell contacts yielding important information about the
integrity of the cell layer and changes in the properties of
the cell membrane. We are studying the cellular response
to modification of the cytoskeleton e.g. by introducing
proteins which affect directly the organization of the actin
structure like ezrin.

P-469

Mechanical characterization of actin gels by a magnetic
colloids technique

Thomas Pujol, Olivia du Roure, Julien Heuvingh

PMMH, ESPCI-CNRS-UMPC-P7. Paris, France

The actin polymer is central in cell biology: it is a major
component of cytoskeleton and it plays a fundamental role in
motility, division, mechanotransduction.... Its polymerization
just beneath the cell membrane generates forces responsible
for cell movement. Actin filaments form a network whose
architecture is defined by the nature of the binding proteins
and depends on the location in the cell. For example, in the
structure which leads cell migration, the lamellipodium, the
gel is branched due to its interaction with Arp2/3 protein
complex. Determining the mechanical properties of such
actin network is a crucial interest to understand how forces
are generated and transmitted in living cells. We grow a
branched actin network from the surface of colloids using the
Arp2/3 machinery. The particles are super paramagnetic and
they attract each other via dipole-dipole interaction to form
chain. By increasing the magnetic field we apply an
increasing force to the gel and we optically measure the
resulting deformation. From those measurements we deduce
a Young modulus for a large amount of data. We are char-
acterizing different networks by varying the concentration of
the capping and branching proteins and we show how
mechanics can be regulated by the different proteins.

0-470

Automated image analysis of microtubule dynamics
and maintenance of fission yeast cells morphology
Pierre Recouvreux', Christian Tischer?, Marileen Dogterom’
TFOM Institute for Atomic and Molecular Physics (AMOLF),
Amsterdam, The Netherlands, 2European Molecular Biology
Laboratory (EMBL), Heidelberg, Germany

Microtubules (MTs) are central to the organization of the
eukaryotic intracellular space and are involved in the control of
cell morphology. In fission yeasts cells MTs transport polarity
factors to poles where growth is located, thus ensuring the
establishment and maintenance of the characteristic sphero-
cylindrical shape. For this purpose, MT polymerization
dynamics is tightly regulated. Using automated image
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analysis software, we investigated the spatial dependence of
MT dynamics in interphase fission yeast cells. We evidenced
that compressive forces generated by MTs growing against
the cell pole locally reduce MT growth velocities and enhance
catastrophe frequencies. In addition, our systematic and
quantitative analysis (in combination with genetic modifica-
tions) provides a tool to study the role of +TIPs (plus-end
tracking proteins) such as Mal3 and Tip1 in the spatial regu-
lation of MT dynamics. We further use this system to decipher
how the linear transport by MT interferes with the feedback
circuitry that assures the correct spatial distribution of Teat,
the main polarity factor in fission yeast cells.

P-471

Modeling of actin cytoskeleton inside giant unilamellar
vesicles

Edith Schéafer, Andreas Janshoff

Institute of Physical Chemistry, University of Géttingen,
Tammannstr. 6, 37077 Géttingen, Germany, E-mail:
eschaef@gwdg.de

Actin is one of the most abundant proteins which forms the
highly dynamic cytoskeleton in all eukaryotic cells. It is
essential for cell movement processes and also provides the
cell membrane with high mechanical strength. For a better
understanding of the actin cytoskeleton function as a stabi-
lizing but also flexible 3D-network in living cells it is adjuvant
to have a suitable model system.

For modeling the complex cytoskeleton in a bottom up
approach, we use giant unilamellar vesicles created of arti-
ficial lipid bilayers to simulate the cell membrane and
encapsulate monomer actin inside the vesicle aqueous core.
Afterwards by ion controlled actin polymerization which is
located at the inner leaflet of the vesicles, we induce a
change of shape and rigidity of the liposomes.

0-472

Control of the fast, slow and reverse gear of the yeast
mitotic kinesin-5 Cin8

Adina Gerson-Gurwitz', Christina Thiede?, Natalia
Movshovich', Vladimir Fridman®, Maria Podolskaya®, Tsafi
Danieli*, Stefan Lakamper?, Dieter R. Klopfenstein?,
Christoph F. Schmidt? and Larisa Gheber'?

"Department of Chemistry, Ben-Gurion University

of the Negev, Beer-Sheva, Israel, ?Drittes Physikalisches
Institut, Georg-August-Universitdt Géttingen, Géttingen,
Germany, >Department of Clinical Biochemistry, Ben-Gurion
University of the Negev, Beer-Sheva, Israel, “Protein
Expression Facility, Wolfson Centre for Applied Structural
Biology, Hebrew University of Jerusalem, Jerusalem, Israel

The dynamics of the cytoskeleton are largely driven by
cytoskeletal motor proteins. Complex cellular functions, such
as mitotsis, need a high degree of control of these motors.
The versatility and sophistication of biological nanomachines
still challenges our understanding. Kinesin-5 motors fulfill
essential roles in mitotic spindle morphogenesis and
dynamics and were thought to be slow, processive microtu-
bule (MT)-plus-end directed motors. Here we have examined
in vitro and in vivo functions of the Saccharomyces

cerevisiae kinesin-5 Cin8 using single-molecule motility
assays and single-molecule fluorescence microscopy. In
vivo, the majority of Cin8 motors moved slowly towards MT
plus-ends, but we also observed occasional minus-end
directed motility episodes. In vitro, individual Cin8 motors
could be switched by ionic conditions from rapid (up to 50
pm/min) and processive minus-end, to bidirectional, to slow
plus-end motion. Deletion of the uniquely large insert in loop
8 of Cin8 induced bias towards minus-end motility and
strongly affected the directional switching of Cin8 both in vivo
and in vitro. The entirely unexpected in vivo and in vitro
switching of Cin8 directionality and speed demonstrate that
kinesins are much more complex than thought. These results
will force us to rethink molecular models of motor function
and will move the regulation of motors into the limelight as
pivotal for understanding cytoskeleton-based machineries.

P-473

Morphological and dynamical changes during TGF-f
induced epithelial-to-mesenchymal transition

David Schneider’, Marco Tarantola®, and Andreas Janshoff'
"Institute of Physical Chemistry, Georg-August-University,
Géttingen, Germany, 2Max Planck Institute for Dynamics
and Self-Organization, Laboratory for Fluid Dynamics,
Pattern Formation and Nanobiocomplexity (LFPN),

Goettingen, Germany

The epithelial-to-mesenchymal transition (EMT) is a program
of cellular development associated with loss of cell-cell
contacts, a decreased cell adhesion and substantial mor-
phological changes. Besides its importance for numerous
developmental processes like embryogenesis, EMT has also
been held responsible for the development and progression
of tumors and formation of metastases. The influence of the
cytokine transforming growth factor 1 (TGF-$1) induced EMT
on structure, migration, cytoskeletal dynamics and long-term
correlations of the mammalian epithelial cell lines NMuMG,
A549 and MDA-MB231 was investigated by time-resolved
impedance analysis and atomic force microscopy (AFM)
performing force-indentation measurements. The three cell
lines display important differences in cellular morphology
mirrored in changes of their elastic response (Young modu-
lus), as well as their dynamics upon TGF-f1 treatment.

Impedance based measurements of micromotility reveal a
complex dynamic response to TGF-f1 exposure which leads
to a transient increase in fluctuation amplitude and long-term
correlation. Additionally, the investigation of cellular elasticity
via AFM depicts the different cytoskeletal alterations
depending on the metastatic potential of the used cell type.

P-474

Physics of cellular mechanosensitivity studied
with biomimetic actin-filled liposomes

Bjoérn Stuhrmann, Feng-Ching Tsai, Guido Mul, Gijsje
Koenderink

FOM |Institute AMOLF, Amsterdam, The Netherlands

Biological cells actively probe the mechanical properties of
their tissue environment by exerting contractile forces on it,

@ Springer
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and use this information to decide whether to grow, migrate,
or proliferate. The physical basis for cell contractility is the
actin cytoskeleton, which transmits motor generated stresses
to mechanosensitive adhesions sites that anchor the cell
to the tissue. The origins of mechanosensing are far from
understood due to the complex interplay of mechanical
effects and biochemical signaling that occurs far from equi-
librium. We use a quantitative biophysical approach based
on biomimetic constructs to elucidate physical principles that
underlie active mechanosensing in biological cells. We have
built realistic in vitro models of contractile cells by encapsu-
lating cross-linked actin networks together with myosin
motors in cell-sized membranous containers (liposomes).
Our method has several advantages over prior methods,
including high liposome yield, compatibility with physiological
buffers, and chemical control over protein/lipid coupling. | will
show contour fluctuation spectra of constructs and first data
on mechanical response obtained by laser tweezers micro-
rheology. Our work will yield novel insights into stress
generation and stiffness sensing of cells.

P-475

Setting up a system to reconstitute cytoskeleton-based
protein delivery and patterning in vitro

Nuria Taberner, Liedewij Laan, Marileen Dogterom

FOM institute AMOLF, Amsterdam, The Netherlands

Keywords: Microtubules, fission yeast, cell polarity, protein
patterning, plus end binding proteins.

Many different cell types, from mobile fibroblasts [1] to fission
yeast cells [2], display non-homogenous protein patterns on
their cell cortex. In fission yeast the cell-end marker protein
Tea1 that among others is responsible for recruiting the actin
dependent cell-growth machinery, is specifically located at
the growing cell ends. Tea1 travels at the tips of growing
microtubules and is delivered to the cell ends [2]. We aim to
in vitro reconstitute a minimal microtubule plus-end tracking
system that leads to cortical protein patterning in functional-
ized microfabricated chambers. Our model will allow us to
perturb microtubule-based transport and diffusion indepen-
dently and evaluate the resulting protein patterns.

[1] Heasman, S.J. and A.J. Ridley, Mammalian Rho GTP-
ases: new insights into their functions from in vivo
studies. Nature Reviews Molecular Cell Biology, 2008.
9(9): p. 690-701.

[2] Hayles, J. and P. Nurse, A journey into space. Nature
Reviews Molecular Cell Biology, 2001. 2(9): p. 647-656.
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Effects of the neuronal Br-3 tropomyosin isoform
on the actin dynamics

Gabor Csaba Talian, Agnes Kokas, Ménika Agnes Téth,
Katalin Tirmer, Miklos Nyitrai

University of Pécs, Faculty of Medicine, Institute

of Biophysics, Pécs, Hungary

The tropomyosins (TM) are dimeric actin-binding proteins
that form longitudinal polymers along the actin filament
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groove. There is a great variety of isoforms, but the division
of labour between the individual TMs and their significance is
poorly understood. As in most cell types, also in the neurons
several isoforms are present, whose spatio-temporal locali-
sation is differentially regulated. The neuron-specific brain 3
isoform (TMBr-3) can be found in the axon of the mature
cells. We aimed to clone, express and charaterise this pro-
tein in terms of its effects on the kinetic parameters of the
actin filament. Using a pET28a construct we purified native,
tag-free protein, and examined if it influences the rate of actin
polymerisation or the stability of the filaments in the presence
of either gelsolin or latrunculin-A, two depolymerising agents.
In cosedimentation experiments the affinity of TMBr-3 to
actin was~ 3uM, about six times that of skeletal muscle
tropomyosin. The net rate of actin polymerisation was
reduced by 17% in the presence of TMBr-3. The depoly-
merisation induced by gelsolin or latrunculin-A was inhibited
in a concentration-dependent manner. TMBr-3 seems to
stabilise actin filaments against disassembly without signifi-
cant effect on the net polymerisation.

P-477

Cell mobility and metastatic spreading: a study
on human neoplastic cells using optical tweezers
F. Tavano'2, S. Bonin' E. D’Este?, G. Pinato?,

G. Stanta ', D. Cojoc?

TACADEM Department University of Trieste /Cattinara
Hospital, 2CNR-IOM, National Laboratory TASC, Area
Science Park — Basovizza, Trieste, Italy

The primary causes of death in cancer patients are local
invasion and metastasis but their mechanisms are not yet
completely understood. Metastatization is accompanied by
alterations of the cytoskeleton and membrane structure
leading to changes in their biomechanical properties[7]. In
this study we analyzed by means of Optical Tweezers the
mechanical properties of two different breast adenocarci-
noma cell lines corresponding to different metastatic
potential. OT were used to grab the plasma membrane by a
1,5 um silica bead and form a plasma membrane tether. We
measured the force exerted by the cell membrane on the
bead and drew the force-elongation curves. Fitting data in the
Kelvin Body model [2}we found out the values for the vis-
coelastic parameters influencing the pulling of the membrane
tethers.

The first cell line analyzed, MCF-7, associated to a low
metastatic potential showed tether stiffness of 153 pN/um in
average.

The second cell line, MDA-MB 231, poorly differentiated with
a high metastatic potential had a tether stiffness of 36pN/um
in average, that is a four times lower value. These results
seems to confirm the hypotesis that metastasis prone cells
are softer than less aggressive cancer cells, and support the
use of OT for these measurements for its sub-pN force res-
olution and because cells are manipulated without damage.

[1]1 Suresh S. Biomechanics and biophysics of cancer cells.
Acta biomaterialia. 2007 Jul;3(4):413-38.

[2] Scmitz J. The viscoelasticity of membrane tethers and
its importance for cell adhesion” Biophysics Journal
2008 August;95(3): 1448-59
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Moonlighting functions of TPPP/p25

N. T6ékési, A. Lehotzky, J. Olah, A. Zotter and J. Ovadi
Institute of Enzymology, Hungarian Academy of Sciences,
Budapest, Hungary

Tubulin Polymerization Promoting Protein (TPPP/p25) is a
brain-specific protein that primary targets the microtubule
network modulating its dynamics and stability. TPPP/p25 is a
disordered protein with extended unstructured segments
localized at the N- and C-terminals straddling a flexible
region. TPPP/p25 is primarily expressed in oligodendrocytes
where its multifunctional features such as tubulin polymeri-
zation promoting and microtubule bundling activities are
crucial for the development of the projections in the course of
oligodendrocyte differentiation enabling the ensheathment of
axons with a myelin sheath that is indispensable for the
normal function of the central nervous system.

Microtubule network, a major constituent of the cytoskeleton,
displays multiple physiological and pathological functions in
eukaryotic cells. The distinct functions of the microtubular
structures are attained by static and dynamic associations of
macromolecules and ligands as well as by post-translational
modifications. TPPP/p25 is actively involved in the regulation
of microtubule dynamics not exclusively by its bundling
activity, but also by its tubulin acetylation-promoting activity.
Atypical histone deacetylases, such as NAD-dependent
SIRT2 and histone deacetylase-6, function outside of the
nucleus and control the acetylation level of cytosolic proteins,
such as tubulin. Acetylation-driven regulation of the micro-
tubule network during cellular differentiation is an ambiguous
issue. TPPP/p25 has been recently identified as an inter-
acting partner and inhibitor of these deacetylases and their
interaction decreased the growth velocity of the microtubule
plus ends and the motility of the cells. We have established
cell models for the quantification of the acetylation degree of
microtubule network in correlation with its dynamics and
stability as well as in relation to aggresome formation, that
mimics the pathological inclusion formation.

The intracellular level of TPPP/p25 is controlled at post-
transcription level by microRNA and at protein level by the
proteosome machinery. Under pathological circumstances
this disordered protein displays additional moonlighting
function that is independent of its association with microtu-
bule system or deacetylases; it enters aberrant protein-
protein interaction with a-synuclein forming toxic aggregates
within the neuronal and glial cells leading to the formation of
inclusions characteristic for Parkinson’s disease and multiple
system atrophy, respectively.

P-479

Encapsulating active actomyosin networks in giant
liposomes

Feng-Ching Tsai, Bjorn Stuhrmann, Guido Mul and Gijsje H.
Koenderink

FOM |Institute AMOLF, Amsterdam, The Netherlands

Keywords: Biomimetic systems, actin cytoskeleton, confine-
ment, giant unilamellar liposomes, actomyosin network,
membrane

The cell membrane separates the intracellular from the
extracellular environment while intimately interacting with the
cytoskeleton in numerous cellular functions, including cell
division and motility. Cell shape changes are for a large part
mediated by the contractile actomyosin network forming the
cortex underneath the cell membrane. To uncover molecular
mechanisms of cell shape control based on actin-membrane
interactions, we built a novel biomimetic model system: a
cell-sized liposome encapsulating an actively contracting
actin-myosin network. Our fabrication method is inspired
by a recent report of liposome preparation by swelling of
lipid layers in agarose hydrogel fims.! We extensively
characterize important liposomal properties, finding diame-
ters between 7 and 20 um, unilamellarity, and excellent and
uniform encapsulation efficiency. We further demonstrate
chemical control of actin network anchoring to the mem-
brane. The resulting liposomes allow quantitative tests of
physical models of cell shape generation and mechanics.

1. Horger, K. S; Estes, D. J.; Capone, R.; Mayer, M., Films
of agarose enable rapid formation of giant liposomes in
solutions of physiologic ionic strength. J Am Chem Soc
2009, 731 (5), 1810-9.
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The effect of mDia1-FH2 on the ATPase activity of actin
Zoltan Ujfalusi and Mikloés Nyitrai

University of Pécs, Department of Biophysics, Pécs, Szigeti
str. 12, H-7624, Hungary

Formins are conservative proteins with important roles in
the regulation of the actin based microfilamental system in
eukaryotic cells. They have several domains including FH1,
FH2, GPB and DAD. In the interaction between actin and
formin the FH2 domain plays a key role. The 'mammalian
Diaphanous-related 1’ constitutes one of the subfamilies of
the formins. These mDia1 formin fragments affect the con-
formation of the actin filaments in a concentration
dependent manner. In the current work we have investi-
gated whether the mDia1-FH2 affects the nucleotide
exchange on the actin filaments. Steady-state fluorescence
anisotropy and photometric coupled assay measurements
showed that the ATP-ADP conversion was accelerated in
the presence of formins, and the effect was stronger at
greater formin concentrations. These observations indicate
that there must be a tight coupling between the rate of
nucleotide exchange on actin protomers and the confor-
mational properties of the filaments.

0-481

Tropomyosin isoform specific regulation of nucleation
factors

Andrea Vig, Tamas Huber and Beata Bugyi

University of Pécs, Medical School, Department

of Biophysics, Pécs, Hungary

In the cohesive structure of the cytoskeleton functionally

distinct actin arrays orchestrate fundamental cell functions in
a spatiotemporally controlled manner. Emerging evidences
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emphasize that protein isoforms are essential for the func-
tional polymorphism of the actin cytoskeleton. The
generation of diverse actin networks is catalyzed by different
nucleation factors, like formins and Arp2/3 complex. These
actin arrays also exhibit qualitative and quantitative differ-
ences in the associated tropomyosin (Tm) isoforms. How the
molecular composition and the function of actin networks are
coupled is not completely understood.

We investigated the effects of different Tm isoforms (skeletal
muscle, cytoskeletal 5SNM1 and Br3) on the activity of mDia1
formin and Arp2/3 complex using fluorescence spectroscopic
approaches. The results show that the studied Tm isoforms
have different effects on the mDia1-, and Arp2/3 complex-
mediated actin assembly. The activity of the Arp2/3 complex is
inhibited by skTm and Tm5NM1, while TmBr3 does not have
any effect. All three Tmisoforms inhibited the activity of mDia1.
These results contribute to the understanding of the mech-
anisms by which tropomyosin isoforms regulate the
functional diversity of the actin cytoskeleton.

P-482

Effect of collagen type | on human pulmonary artery
endothelial cells

Diana, Zabini", Zoltan, Balint?, Horst, Olschewski®, Andrea,
Olschewski'?

"Department of Anaesthesiology and Intensive Care
Medicine, 2Ludwig Boltzmann Institute for Lung Vascular
Research, *Department of Internal Medicine, Division

of Pulmonology, Medical University of Graz, Graz, Austria.,
*Correspondence to: diana.zabini@medunigraz.at;
Stiftingtalstrasse 24, 8036 Graz, Austria

Chronic thromboembolic pulmonary hypertension (CTEPH)
is a dual pulmonary vascular disorder, which combines major
vascular remodelling with small-vessel arteriopathy. The
presence of fibroblasts in the clot, occluding the pulmonary
arteries, and its composition create a microenvironment with
increased collagen level, which might affect the local endo-
thelial function. In this study, human pulmonary artery
endothelial cells (nPAEC) were exposed to collagen type | to
address the effect of the thrombotic microenvironment on the
vessel wall forming cells.

The hPAECs, cultured under standard conditions were trea-
ted with 1, 10 and 100pg/ml of collagen type | for 6h and 24h.
The changes in the endothelial cell barrier function were
investigated by performing permeability and migration test as
well as VE-cadherin staining.

Collagen type | treatment led to a decrease in VE-cadherin
signal in hPAEC. The loosening of cell-cell contacts could be
proven with a significant increase in permeability after 6h of
collagen treatment with different concentrations. Besides the
loosening of the cell-cell contacts, the hPAEC migration was
also dose dependently retarded by collagen application over
time.

Our data show that collagen-rich microenvironment leads to
a disruption of the junctional proteins in hPAECs, indicating
an environmental induced possible alteration in the function
of endothelial cells in the clots of CTEPH patients.
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Targeting the promiscuous voltage sensor of Kv7.2
and TRPV1 channels by non-toxin gating-modifiers
Polina Kornilov', Asher Peretz', Yana Gofman?,

Nir Ben-Tal? and Bernard Attali"

"Department of Physiology & Pharmacology, The Sackler
faculty of medicine, 2Department of Biochemistry, The
George Wise Faculty of Life Sciences, Tel Aviv University,
Israel

The pore and gate regions of voltage-gated cation channels
have been often targeted with drugs acting as channel
modulators. In contrast, the voltage sensing domain (VSD)
was practically not exploited for therapeutic purposes,
though it is the target of gating-modifier toxins. We recently
designed novel diphenylamine carboxylates that are pow-
erful Kv7.2 channel openers or blockers. Here we show that
NH17 and NH29, two new Kv7.2 channel blocker and
opener, respectively, act as gating modifiers. Mutagenesis
and modeling data suggest that in Kv7.2, NH29 docks to
the external groove formed by the interface of helices S1,
S2 and S4 in a way, which stabilizes the interaction
between two conserved charged residues in S2, and S4,
known to interact electrostatically, in the open state of Kv
channels. Interestingly, NH29 is also a potent blocker of
TRPV1 channels, while the Kv7.2 channel blocker, NH17,
activates TRPV1 and sensitizes the TRPV1 current acti-
vated by capsaicin. Our data suggest that the VSD of
TRPV1 is also important for the effects of NH29 and NH17.
Thus, subtle modifications in the VSD or in the chemical
structure of the molecule drastically change the attributes of
the gating-modifier, thereby stabilizing the channel in either
the closed or the open state.

P-484

Investigation of Channelrhodopsin-2 mutants

using resonance Raman spectroscopy

Sara Bruun?, Hendrik Naumann', Uwe Kuhlmann',
Claudia Schulz', Peter Hegemann? and Peter Hildebrandt'
"Technische Universitat Berlin, Institut fiir Chemie,

Sekr. PC14, Stral3e des 17. Juni 135, D-10623 Berlin,
Germany, 2Humboldt Universitét zu Berlin, Institut fiir
Biologie, Experimentelle Biophysik, Invalidenstr. 42,
D-10115 Berlin, Germany

Channelrhodopsin-2 (ChR2), a membrane-bound cation
channel, is one of the proteins involved in the phototactic
response of the alga Chlamydomonas reinhardii. Using res-
onance Raman spectroscopy, we have investigated the
retinal chromophore that is covalently linked via a Schiff base
to the ChR2 protein. The chromophore of the ChR2 H134R
dark state was studied using low laser power and rotating
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cuvette under mixing. With increasing laser power, accu-
mulation of the deprotonated state P390 (M-state) in the
laser spot was noted but without any significant increase of
other intermediates. The resonance Raman spectra of the
dark state displays symmetric band shapes in the C=C and
C=N stretching region indicating the occurrence of only one
isomeric form. The channel activity of ChR2 is most likely
induced by the all-trans to 13-cis isomerisation of the retinal
chromophore, as judged from the similar spectral changes
that occur during transition from dark state to P390 in ChR2
and from dark state to M412 in Bacteriorhodopsin. Addi-
tionally, we have found that the inactivation of the slow
mutant ChR2 C128T is probably caused by hydrolysis of the
retinal Schiff base creating a free retinal, due to the almost
identical spectra of the side-chain intermediate and all-trans
retinal in CCl,.

P-485

Architecture of human perforin pore in pure lipid bilayers
M. Dalla Serra®, G. Anderluh?, T. Praper?, A. Kladnik?,

G. Viero™, A.F. Sonnen®, J.C. Froelich?, R.J. Gilbert®
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2Dept. Biology, Biotech. Faculty, Uni. Ljubljana, Ljubljana,
Slovenia, 3Struct. Biol. Div., Henry Wellcome Bldg Genom.
Med., Oxford, UK, 4Dept. Medicine, NorthShore Uni.,
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Perforin (PFN) is a component of the human innate immune
system, is released by lymphocytes and its key function is to
engineer the delivery of pro-apoptotic granzymes to the target
cell cytoplasm, leading to a controlled suicidal cell death. To
date, it has been unclear whether granzyme delivery is allowed
through the aperture of pores in the cell membrane, or by some
other means. Nevertheless, the ability of PFN to perforate the
target membranes by stable pores is central to each proposed
model. Here we present the characterization of functional PFN
pores using single-channel conductance and fluorescence
microscopy. We show that it forms pores heterogeneous in size
(up to 20 nm) in planar lipid membranes (PLM) and unilamellar
vesicles. From PLM experiments we observed that the opening
step and the pore size are dependent on membrane lipid
composition: disordered membranes favored gradual open-
ings of the pore, while in ordered membranes pores opened in
a discrete manner.

PFN seems capable of triggering an endocytosis-like event
in addition to pore formation, suggesting a new paradigm for
its role in delivering granzymes into target cells where they
induce apoptosis.
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Over-expression of human ion channels

and transporters for structural studies

Declan A. Doyle

Trinity College Dublin, School of Biochemistry
and Immunology, College Green, Dublin 2, Ireland

The implementation of miniaturisation and high throughput
screening has quickened the pace of protein structure

determination. However, for most proteins the process still
requires milligram quantities of protein with purity > 95 %.
These amounts are required as a result of unavoidable los-
ses during purification and for the extensive screening of
crystallisation space. For integral membrane proteins (IMPs),
one of the initial steps in the structure determination proce-
dure is still a major bottleneck - the over-expression of the
target protein in the milligram quantity range. With a view of
developing guidelines for over-expression of human IMPs, a
systematic approach using the three most common labora-
tory expression systems (E. coli, S. cerevisiae, Sf9 insect
cells) was implemented. Initial expression levels were
determined by either partial purification using Ni?*-NTA (E.
coli), green fluorescence protein (GFP) fluorescence using a
C-terminal GFP tagged protein (S. cerevisiae) or FLAG tag-
ged partial purification (Sf9 cells). The results show that E.
coli is suitable for the over-expression of human IMPs in the
required quantity range however protein size and complexity
is an important factor. The yeast system is fast and affordable
but, for the group of human IMPs tested, the expression
levels were borderline. Finally for the insect cell system, the
timelines are slower and it is in comparison costly to run,
however, it can produce relatively large quantities of human
IMPs.

P-487

Dipole modifiers affect properties of syringomycin
channels in the presence of large organic anions
Svetlana S. Efimova’, Olga S. Ostroumova', Valery V.
Malev™Z, Ludmila V. Schagina’

TInstitute of Cytology RAS, St. Petersburg, Russia,
2St.Petersburg State University, Petergof, Russia

An antifungal cyclic lipopeptide syringomycin E (SRE) from
Pseudomonas syringae forms predominantly anion selective
voltage-gated channels in membranes bathed in solutions of
alkaline metal chlorides [Malev at al., Advances in planar lipid
bilayers and liposomes, V. 8, 2008]. Effects of the membrane
dipole potential (V4) on the single channel conductance
(G) and the steady-state number of open SRE-channels
(N) in phosphocholine bilayers bathed in 0.4 M NaAsp and
NaGlc (pH 6) were studied. Values of V4 were varied with
introduction into membrane bathing solutions of either
phloretin reducing Vg4, or RH 421 increasing V4. We found
that G did not depend on V. This fact resulted from a loss of
SRE pore anionic selectivity. A decrease of V4 caused an
increase of N. At the same time, the observed changes in N
were one order smaller than those of systems containing
NaCl [Ostroumova et al., Langmuir, 2008]. Such difference in
N values was assigned to specific adsorption of large anions
on the bilayer/solution interface. The work was supported in
part by RFBR (# 09-04-00883), SS-3796.2010.4, the Pro-
gram of the RAS «MCB» and RSC # P1372 (MES,
FTP<<SSEPIR>>).
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Spectroscopic investigation of the structure
and function of the copper ATPase CopB

of Enterococcus hirae

Magdalena GroR', Marc Solioz?, Karim Fahmy'

Division of Biophysics, Institute of Radiochemistry,
Helmholtz-Zentrum Dresden-Rossendorf, PF 510119, 01314
Dresden, Germany, 2Depan‘ment of Clinical
Pharamacology,University of Berne, Murtenstrasse 35, 3010
Berne, Switzerland, E-mail: m.gross@hzdr.de

The Cu+-ATPase CopB of Enterococcus hirae is a bacterial
P-type ATPase involved in resistance to high levels of envi-
ronmental copper by expelling excess copper. The
membrane protein CopB was purified from an over-express-
ing strain and solubilized in dodecyl-maltoside. By UV circular
dichroism the secondary structure is predicted to contain
40-50 % o-helices and 10-15% p-sheets in agreement with
estimates based on homology with the Ca ATPase SERCA1.
We present CD-spectroscopic data on thermal unfolding of
the protein to address the influence of the binding of the ATP
analogs ATPyS and the fluorescent analog mant-ATP on the
protein stability. Such analogs are used to mimic functional
states of the ATPase but undergo different interactions with
the binding site that are not well characterized. We propose a
competition-based assay for nucleotide binding using CD-
spectroscopy to deduce the occupancy of the nucleotide-
binding site by non-fluorescent nucleotides. Alternatively, the
change of intrinsic fluorescence of mant-ATP upon binding to
the ATPase is exploited in these assays. Finally, we show
how the simultaneous measurement of protein CD and
nucleotide fluorescence in thermal denaturation experiments
may help to determine the stability of several functional con-
formational states of CopB.

P-489

TRPM8 mRNA and protein expression in rat vas deferens
K.L. Gulak', A.P. Kondratskyi' & Y.M. Shuba'-2
TInternational Center for Mol. Physiol., Kyiv, Ukraine,
2Bogomoletz Institute of Physiology, Kyiv, Ukraine

The transient receptor potential (TRP) channel TRPMS is a
Ca?*-permeable nonselective cation channel activated by
cold and the cooling compounds menthol and icilin. TRPM8
is expressed in sensory neurons, where its functions lie in
temperature detection. TRPM8 is also expressed in various
internal tissues, e.g. vas deferens, where temperature is
stable in physiological conditions, suggesting that TRPM8 is
involved in other, temperature unrelated processes. RT-PCR
analysis showed the presence of TRPM8 RNA in isolated
total RNA from tissue of rat vas deferens. By sampling
exclusively smooth muscle cells of the isolated rat vas def-
erence PCR analysis showed no amplification of the aimed
cDNA. However we found the shortened amplicon, which
could correspond to TRPMS8 splice variant. We performed
Western blot analysis that showed the expression of TRPM8
protein in rat vas deference tissues. Our results could sug-
gest the probable exon deletion in transmembrane part of the
receptor, resulting in possible expression of electrophysio-
logically unfunctional TRPM8 receptor in rat vas deferens.
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Computation of Poisson-Nernst-Planck equations
describing ion channel on cell membrane
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Keywords: lon channel, Poisson-Nernst-Planck equations,
Chebyshev pseudospectral method, finite size effect.

lon channels are proteins with a hole down the middle
embedded in cell membranes. Membranes form insulating
structures and the channels through them allow and control
the movement of charged particles, spherical ions, mostly
Na+, K+, Ca++, and CI- lon channel is extremely important
in physiology. Many diseases are related to the malfunction of
ion channels, and the drug market involved with ion channel is
huge. Though important, the mechanism of ion channel still
remains poorly understood nowadays especially about gating
and ion selectivity. One of the reasons is that it is lack of a
good mathematical model. The traditional model for ion
channel is Poisson-Nernst-Planck (PNP) equations. Though
PNP equation can produce some results and agree well with
experiments, this model still can not explain the mechanisms
mentioned above. Recently, a modified PNP model consid-
ering finite size effect of ions has been derived from energetic
variational analysis. This new model may shed some lights on
the explanation of gating and selectivity mechanisms. Though
progress is gained in mathematical modeling, few numerical
works were reported. This is because that PNP equations are
not that simple to solve and the complexity of channel
geometry makes the problem even harder. This paper applies
Chebyshev pseudospectral method to solve PNP equation
under a 2D axis-symmetric configuration with and without
considering size effect (a Leonard Jones potential nonlocal
integral term). Since we are only interested in steady state
most of time, pseudo-time-dependence is introduced to
Poisson equation and turns the original elliptic-parabolic
problem into a pure parabolic one, which saves the cost of
solving Poisson equation in each time step. The results
showing the steady-state distribution of electric potential,
ionic concentrations are obtained efficiently. Channel current,
a summation of drift and diffusive currents, can be further
computed from the flux of ionic concentrations. The influence
of finite size effect will be also addressed.
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Effect of cholesterol and cytoskeleton on Ky10.1
membrane distribution

Jiménez-Gardufio AM"2, Pardo LAZ?, Ortega A, Stiihmer W2
TUNAM, Mexico-City, Mexico, 2MPI-EM, Géttingen,
Germany

The potassium channel K\10.1 is expressed nearly exclusively
in the central nervous system. Besides its function as an ion
channel, K\,10.1 has also been associated with non-canonical
signaling functions. Various membrane proteins associated
with cholesterol-sphingolipids enriched microdomains are
involved in signaling pathways. In this work we studied the
membrane distribution of Ky,10.1 in highly purified brain-tissue
plasma membranes as a function of cholesterol content versus
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cytoskeletal proteins. The results show that one fraction of
KV10.1 associates to cholesterol-rich domains or Detergent
Resistant Membranes (DRM) and another fraction to non-DRM
domains. The KV10.1 fraction inserted in DRM is dependent
on cholesterol as well as on cytoskeleton proteins. Depletion of
cholesterol leads to a doubling of K,,10.1 current density. We
suggest that K\,10.1 coexists in two different populations: one
where the transmembrane domain fits cholesterol enriched
membranes and another able to fit into a less packed lipid
bilayer. The importance of this distribution on signaling pro-
cesses needs to be further investigated.

P-492

Effect of charge fluctuations on the ionic escape rate
from a single-site ion channel

I. Kh. Kaufman', R. Tindjong", D. G. Luchinsky'?,

P. V. E. McClintock’

1Department of Physics, Lancaster University, Lancaster,
LA1 4YB, UK, 2°NASA Ames Research Center, MS 269-3,
Moffett Field, CA, 94035, USA

We analyse the permeation of an open, single-site, ion
channel by use of Brownian Dynamics (BD) simulations at
different concentrations. We show for the first time by mod-
elling that the ionic escape rate increases significantly with
concentration due to electrostatic amplification of charge
fluctuations at the channel mouth.

We use the reduced model of an axis-symmetric water-filled
channel whose protein wall has a single charged site. The
channel length, radius and fixed charge are selected to match
experimental data for Gramicidin A. The ion current, occupancy
and escape rate are simulated by the 1D self-consistent BD
technique with account taken of the electrostatic ion-ion inter-
action. The bath with non-zero ion concentration on one side of
the channel is modelled via the Smoluchowski arrival rate.

It is shown that: a) The occupancy saturates with Michaelis-
Menten kinetics. b) The escape rate starts from the Kramers
value at small concentrations and then increases with con-
centration due to the electrostatic amplification of charge
fluctuations. The resulting dynamics of the current can be
described by modified reaction rate theory accounting for
ionic escape over the fluctuating barrier [1].

[11 D. G. Luchinsky et al, J. Stat. Mech. (2009), 01010
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Functional reconstitution of membrane proteins

by isothermal titration calorimetry

Nadin Jahnke," Oxana Krylova,' Carolyn Vargas,? Sandro
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13125 Berlin, Germany, Molecular Biophysics, University
of Kaiserslautern, Erwin-Schrédinger-Str. 13, 67663
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Many membrane-protein functions are amenable to bio-
physical and biochemical investigation only after the protein
of interest has been reconstituted from a detergent-solubi-
lised state into artificial lipid bilayers. Unfortunately, functional
reconstitution has remained one of the main bottlenecks in

the handling of numerous membrane proteins. In particular,
gauging the success of reconstitution experiments has thus
far been limited to trial-and-error approaches. To address this
problem, we have established high-sensitivity isothermal
titration calorimetry (ITC) as a powerful method for monitoring
the reconstitution of membrane proteins into liposomes. ITC
has previously been employed for characterising liposome
solubilisation and reconstitution in the absence of protein.
Here we show that ITC is also excellently suited for tracking
the complex process of membrane-protein reconstitution in a
non-invasive and fully automated manner. The approach is
exemplified for the prokaryotic potassium channel KcsA,
which we first purified in detergent micelles and then recon-
stituted into stable proteoliposomes at very high protein
densities. Electrophysiological experiments performed in
planar lipid membranes confirmed that KcsA regained its
functional activity upon ITC-guided reconstitution.
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Gating currents of low-voltage-activated T-type calcium
channels family

Maria Karmazinova, Lubica Lacinova

Institute of Molecular Physiology and Genetics, SAV,
Bratislava, Slovak Republic

T-type calcium channels are distinguished by relatively low
voltage threshold for an activation and steep voltage
dependence of activation and inactivation kinetics just above
the activation threshold. Kinetics and voltage dependence of
macroscopic inward calcium current through Cay3 channels
was described in a detail. In contrast, very little information is
available on gating current of these channels. Therefore we
compared gating currents measured from all three Cay3.1,
Cay3.2 and Cay3.3 channels.

Voltage dependencies of charge movement differ dramatically
from those for macroscopic current. First, their slope factors
are several-fold bigger that slope factors of macroscopic cur-
rent activation. Second, activation mid-point for Cay3.3
channels on-gating is shifted to more positive membrane
potentials by about 20 mV compare to Ca\3.1 and Cay3.2
channels, whose activation mid-points are similar. The same is
truth for off-gating voltage dependences. Kinetics of both on-
and off-gating is remarkably faster for Cay3.1 and Ca,3.2
channels compare to Cay3.3 channels. Further, more charge
is moved per unit of macroscopic current amplitude in Cay3.3
channels compare to Cay3.1 and Ca\3.2 channels.

Acknowledgement
Supported by APVV-0212-10 and VEGA 2/0195/10.
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Differential modulation of inactivated states

by hydrophilic and hydrophobic sodium channel blockers
Peter Lukacs, Rene Cervenka, Xaver Koenig, Agnes Mike,
Michael Kovar, Touran Zarrabi, Karlheinz Hilber, Hannes Todt
Medical University of Vienna, Center for Physiology

and Pharmacology, Vienna, Austria

The local anaesthetic lidocaine (LID) is generally believed to

reach its binding site in the intracellular vestibule of the
voltage-gated sodium channel via the cell membrane. QX222
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(QX) is a permanently charged, quaternary amine analogue
of LID, that can access this binding site via a hydrophilic
route across the channel protein. The mutation 11575E of the
adult rat muscle-type sodium channel (rNay1.4) opens such
a hydrophilic pathway.

When bound to the internal vestibule, LID stabilizes both fast
and slow inactivated states. We wondered whether QX, once
bound to the internal vestibule, exerts a similar modulatory
action on inactivated states as LID. The construct [1575E
was expressed in tsA201 cells and studied by means of the
patch-clamp technique.

When applied from the extracellular side 500 pM QX
stabilized the slow but not the fast inactivated state in
11575E. When applied internally, QX entered the channel,
but stabilization of inactivated states could not be
observed.

These results suggest that binding site for use-dependent
block is in the inner vestibule of the channel, fast inactivation
is modulated only by the hydrophobic form of LID, and the
binding site for modulation of slow inactivation by QX is only
accessible from the extracellular side of the channel.
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Membrane composition effects on pore-forming ability
of two cholesterol-dependent cytolysins
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Perfringolysin O (PFO) and Listeriolysin O (LLO) are two
Cholesterol-Dependent Cytolysins (CDCs) produced by
Gram-positive bacteria. Their main task is to facilitate the
infection disrupting plasma or endosomal membranes.
Even if CDCs have been well studied, their pore-forming
mechanism is not clear yet. Two models are pro-
posed: pre-pore to pore ftransition and arc-shaped pore
formation.

Based on this, we investigated the electrophysiological
properties and structures of the two toxins pores in different
membrane compositions (i.e. phospholipid acyl chains and
cholesterol concentration) using Planar Lipid Membrane
(PLM) technique and Atomic Force Microscopy (AFM). Our
analysis identified two distinct pore-forming abilities. On
POPC-CHO 50% membrane, both proteins form well defined
pores with conductance values mainly around 10-15 nS,
visible by AFM as complete ring inserted into the membrane
of about 30 nm diameter. On the other hand on DOPC-CHO
20% membrane, PFO and LLO form pores with heteroge-
neous conductance (from pS to nS) but in most of the cases,
pores are difficult to be sorted out both by PLM and AFM
analyses.

Collectively, our results support the idea that prevalence of
pre-pore or arc-shaped oligomeric intermediates are pro-
moted by different membrane lipid compositions.
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Concerted or sequential conformational transitions
in Kv7.1 channel activation gating?
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The assembly of Kv7.1 with KCNE1 produces the Ixs Kt
current that is crucial for the repolarization of the cardiac
action potential. Mutations in these subunit genes produce
the long QT syndrome, a life-threatening ventricular arrhyth-
mia. Despite numerous studies performed on Shaker-like Kv
channels, very little is known about the mechanisms under-
lying Kv7.1 channel activation. Do the voltage-induced
conformational changes in the Kv7.1 tetrameric complex
gives rise to cooperativity in channel function? If so, do they
involve concerted or sequential conformational transitions in
subunit interactions along Kv7.1 channel activation? To
determine the nature of subunit interaction, we introduced
one voltage sensor domain (VSD) mutation, R231W, into
one, two, three, or four subunits by using a concatenated
tetrameric channel construct. When present in all 4 VSDs,
the S4 R231W mutation produces instantaneous and volt-
age-independent K* currents by “locking” the channel in the
open state. When present in only one VSD, the R231W
mutation does not produce an instantaneous current but
causes a left shift in the channel activation curve. The other
combinations of mutated VSDs suggest a sequential con-
formational transition in Kv7.1 channel gating.
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Different chemical properties predict resting and
inactivated affinity of sodium channel inhibitors

Arpad Mike, Nora Lenkey, Sylvester Vizy E., Laszlo Fodor
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of Pharmacology, Budapest, Hungary

Affinity of inhibitor compounds to resting and inactivated con-
formations of sodium channels (Kr and Ki) were investigated:
Their correlations with chemical descriptors of inhibitors were
studied, in order to deduce the nature of chemical interactions
involved in binding to both conformations. Two separate
approaches were used: (1) We performed a literature search,
calculated Kr and Ki values, and created a database of alto-
gether 204 Kr-Ki pairs obtained from 73 publications. (2) We
carried out a comparative electrophysiological study of 35
drugs using rNav1.2 expressing HEK 293 cells and the QPatch
automatic patch-clamp instrument.

We observed that lipophilicity (quantified by the logarithm of
the calculated water-octanol partition coefficient, logP) is
important in determining both Kr and Ki, but had a greater
effect on Ki. Distribution coefficients (logD) discriminated
better between Kr and Ki than partition coefficients (logP).
The ratio of positively charged/neutral forms (quantified by the
acidic dissociation constant, pKa) was a significant determi-
nant of resting affinity: predominantly charged compounds
tended to be more potent against resting channels, while
neutral compounds tended to be more state-dependent.
Aromaticity was more important for inactivated state affinity.
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Transport lonique Aspects Normaux et Pathologiques
Université de Nice — Sophia Antipolis, and CNRS UMRG6097,
Nice, France

Keywords: Acidification of intracellular compartments, Na*t/
H* exchanger, somatic cell genetics, kinetic measurements,
neurological diseases

The acidification of intracellular compartments is critical for a
wide range of cellular processes. A recent candidate for pH
regulation within early endosomes and TGN is the highly
conserved intracellular Na*/H™ exchanger 7 isoform (NHE7),
whose mutation leads to neurological syndromes in human
patients. However, due to its intracellular localization, NHE7
biochemical features are still poorly characterized and its
biological function remains elusive.

We have developed somatic cell genetic techniques that
enable the selection of variant cells able to resist H* killing
through plasma membrane expression of H™ extruders.
This enabled us to obtain stable cell lines with forced
plasma membrane expression of NHE7. We used them to
measure its functional and pharmacological parameters with
high accuracy, using fast transport kinetics. To summarize,
this exchanger displays unique features within the NHE
family, especially with respect to its affinity for its substrates,
lithium, sodium and protons and for its guanidine-derived
inhibitors. Taken together with our results on the subcellular
localization of the native NHE7, these unique biochemical
features provide new insights on the biological function and
pathological implications of this intracellular Na*/H*
exchanger.

P-500

Analysis of the collective behaviour of ion channels

J. Miskiewicz, Z. Trela, S. Przestalski

Wroctaw University of Environmental and Life Sciences,
Physics and Biophysics Department, ul. Norwida 25, 50-375
Wroctaw, Poland

A novel approach to the analysis of the ion current
recordings is proposed. The main goal of the standard
patch clamp technique is to measure single channel
activity (however the whole cell configuration is also used
in various researches). In the presented study the ion
channels time series recordings were several (up to four)
ion channels were present are analysed and the collective
behaviour of ion channels is investigated. The time ion
current time series are converted into dwelltime series and
the channel activity is analysed. The hypothesis of col-
lective ion channels behaviour is verified and the influence
of organolead compounds (Met3PbCI) on collective ion
channel activity is measured. The analysis is performed on
the SV cation channels of vacuolar membrane of Beta
vulgaris.

The research was financed by Polish Ministry of Science and
Higher Education by grant No. NN305 336434.

P-501

On motor and electrical oscillations in urinary tract:
computer evaluation

Eva Neu'-?, Daniele Martin'2, Viktor Foltin"2, Erich Gornik?,
Rumen Stainov®*, Tanya Zlateva®, Walter Seidenbusch’-?,
Michael Ch. Michailov'

TInst. Umweltmedizin c/o Int. Council Sci. Dev./Int. Acad.
Sci., Austria, Bulgaria, Germany, Slovakia & Univ. Bratislava,
Univ. Innsbruck, Univ. Erl.-Nimberg. ICSD e.V. Postfach
(POB) 340316, D-80100 Miinchen, Germany, 2Fac. Physics,
Inst. Exp.Physics, TU & Univ. Vienna-Innsbruck, Austria,
3Comp. Sci. Dept., Univ. Fulda-Sofia, Germany-Bulgaria,
“Comp. Sci. Dept., Boston Univ., USA

Introduction: Motor/electrical activity of urogenital tract is
fundamental for patho-physiology (incontinence, reflux, etc.
can lead to renal hypertonia).

Method: Parameters: Motor patterns (guinea-pig) — fre-
quency/F, amplitudes/A (% init. length, isot. & intracell. rec.)
of spontaneous phasic/SPC & tonic/STC contractions, also
electrical spikes/S, bursts/B, burst plateaus/BP (Neu et al.
Biophys.J. 125/6a/Jan2008; Eur.Biophys.J. 36/S1,S150/
2007 & 34/6,765/2005; J.Physiol.Sci. 59/S1,249/2009;
Faseb J. 19/4,139.4/2005).

Results: SPC-pyelon F:5.4+6.1/min, A:4.7+2.7%, SPC-ure-
ter F:1.440.7, A:5.3+3.2, SPC-detrusor F:3.840.9,
A:18.7+5.3, STC-trigone F:0.3+£0.1, A:74.6+14.8; ureter-S:
F:18.0+4.8/min, A:42.8+5.5mV, -BP: F:7.2+4.8, A:47.5+3.0,
-BP-duration 1.34+0.9s; detrusor-S: F:15.04+£7.8, A:47.647.3; -
BP: F:1.1+0.9, A:52.3+9.0, -BP-duration 9.94+3.0s (n=327,
p<0.01). Stretch (3-80mN), K-/Ca-influence induced specific
changes in motor/electrical parameters. Special computer
programme reflects exactly biophysical parameters.
Conclusion: Acc. to earlier/recent results mechano-sensi-
tive Ca''-activated K'-channels participate in electrical
oscillations of detrusor/ureteral myocytes. Further experi-
ments/evaluations incl. computer analysis are necessary to
prove correlation with motor patterns.

0-502

Molecular rearrangements during slow inactivation

of the Shaker-IR potassium channel

T.G. Szanto, F. Papp, F. Zakany, Z. Varga, T. Pian*,

C. Gajewski*, C. Deutsch*, and G. Panyi

Department of Biophysics and Cell Biology, University

of Debrecen, Debrecen, Hungary and *Department

of Physiology, University of Pennsylvania, Philadelphia,
Pennsylvania 19104, USA

Crosstalk between the activation and slow inactivation gates
in Shaker potassium channels is now well-established. The
activation gate perceives the conformation of the inactivation
gate (Panyi and Deutsch, 2006, 2007). Closure of the inacti-
vation gate speeds opening and slows closing of the
activation gate, i.e., stabilizing the gate in the open configu-
ration. If this coupling involves movement of the S6
transmembrane segment, then we predict state-dependent
changes in accessibility of residues lining the channel cavity.
We engineered cysteines, one at a time, at positions 470,
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471, 472, 473, and 474 in a T449A Shaker-IR background
and determined modification rates for the cysteine modifying
reagents, MTSET and MTSEA, in the open, closed, and
inactivated state of the channel. Neither reagent, applied from
the intracellular side, modifies cysteines at 470-474 in the
closed state. Both 470C and 474C are rapidly modified in the
open state and at approximately one-tenth this rate in the
inactivated state. In contrast, 471C is not modified in the open
state but can be modified by MTSEA but not MTSET in the
inactivated state. Residue 472C cannot be modified in any of
the three states. Mutant 473C did not express current. Our
findings are consistent with a rotation of S6 in the inactivated
state, which increases the accessibility of residue 471 while
simultaneously decreasing accessibility of residues 470 and
474. Any model of C-type inactivation in the Shaker Kv
channel must conform to these experimental observations.
[Supported by NIH grant GM 069837 (CD) and OTKA K
75904 (GP)].

P-503

Mapping of an Ixs channel opener reveals interactions
between KCNE1 and the Kv7.1 voltage sensor

Yoni Haitin, Nataly Menaker, Asher Peretz and Bernard Attali
Department of Physiology & Pharmacology, The Sackler
Faculty of Medicine, Tel-Aviv University, Israel

In the heart, assembly of Kv7.1 with KCNE1 generates the
repolarizing K* current Ixs. We and others recently sug-
gested a strategic location of KCNE1 wedged between two
adjacent Kv7.1 voltage sensing domains (VSD) and nearby
helix S6 of another Kv7.1 subunit. Here we show that the Ixg
channel opener, diisothiocyanostilbene-2’,2’-disulfonic acid
(DIDS) acts on Iks to convert the time- and voltage-depen-
dent channels into nearly voltage- and time-independent
currents. The two isothiocyanate functionalities are crucial for
the potent activating effect of DIDS on Ixs since SITS that
has only one of these groups and DNDS, which lacks iso-
thiocyanate groups do not activate Ixs currents. DIDS does
not affect Kv7.2 and has a weaker effect when KCNE1 is co-
expressed with a chimeric Kv7.1 bearing a Kv7.2 VSD pad-
dle. Mutagenesis data suggest that DIDS may activate Ixs by
interacting to an external pocket, formed at the interface of
the superficial boundary of the KCNE1 transmembrane
segment and the VSD of Kv7.1. DIDS interaction at the Kv7.1
VSD-KCNE1 interface reveals the importance of two lysine
residues, K41 in KCNE1 and K218 in Kv7.1 S3-S4 linker and
underscores the proximity of KCNE1 to the VSD of Kv7.1.

P-504

An in-silico approach to primaquine binding

to Trp756 in the external vestibule of sodium

channel Nav 1.4

Eduardo M Salinas-Stefanon’, Angel Islas’, Thomas Scior?,
Evelin Martinez-Morales”, Lourdes Millan®

TInstituto de Fisiologia, °Departamento de Farmacia, *Centro
de Quimica Instituto de Ciencias, B. Universidad Autbnoma
de Puebla, Puebla, Puebla, México

The aim of our computed study was to examine the pos-
sible binding site of primaquine (PQ) using a combined

@ Springer

homology protein modeling, automated docking and
experimental approach. The target models of wild-type and
mutant-types of the voltage-dependent sodium channel in
rat skeletal muscle (rNa, 1.4) were based on previous work
by Tikhonov and Zhorov. Docking was carried out on the
P-loop into the structure model of rNa, 1.4 channel, in the
open state configuration, to identify those amino acidic
residues important for primaquine binding. The three-
dimensional models of the P-loop segment of wild types
and mutant types (W402. W756C, W1239C and W1531A at
the outer tryptophan-rich lip, as well as D400C, E755C,
K1237C and A1529C of the DEKA motif) helped us to
identify residues playing a key role in aminoquinoline
binding. In good agreement with experimental results, a
1000-fold inhibition loss was observed, tryptophan 756 is
crucial for the reversible blocking effects of PQ. As a result,
W756C abolished the blocking effect of primaquine in volt-
age-clamp assays.

P-505

Hydrogen bond formation accelerates channel opening
of the bacterial mechanosensitive channel MscL
Yasuyuki Sawada and Masahiro Sokabe

Department of Physiology, Nagoya University Graduate
School of Medicine, Nagoya, Japan

The bacterial mechanosensitive channel MsclL is constituted
of homopentamer of a subunit with two transmembrane inner
and outer (TM1, TM2) a-helices, and its 3D structure of the
closed state has been resolved. The major issue of MscL is to
understand the gating mechanism driven by tension in the
membrane. To address this question, we performed molecu-
lar dynamics (MD) simulations for the opening of MscL
embedded in the lipid bilayer. In the closed state of MscL,
neighboring TM1 inner helices are crossed each other near
the cytoplasmic side and Leu19 and Val23 in the constricted
part form a stable hydrophobic environment called gate. Upon
membrane stretch, Phe78 in TM2 outer helices was dragged
by lipids, leading to an opening of MscL. Thus Phe78 was
concluded to be the major tension sensor. During opening,
TM1inner helices were also dragged and tilted, accompanied
by the outward sliding of the crossings. This led to a slight
expansion of the gate associated with an exposure of oxygen
atoms of the backbone to the inner surface of the gate. This
allows water penetration in the gate and formation of hydro-
gen bonds between water and the exposed oxygen, which in
turn weakened the hydrophobic interaction at the crossings,
causing a further opening of the gate and water permeation.

0-506

Molecular characterization of BK¢c, channel in cardiac
mitochondria

Toro Ligia, Singh Harpreet, Lu Rong, Gardeazabal
Rodriguez Pedro F., Bopassa Jean C., Wu Yong, and Stefani
Enrico

University of California, Los Angeles, Los Angeles, CA
90095-7115, USA

Mitochondrial BKc,, mitoBKc,; has been proposed to be
cardioprotective and formed by proteins of ~50 to ~125
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kDa. Thus, we investigated the molecular characteristics of
this channel in isolated mitochondria from murine heart.
Labeling of adult mouse cardiomyocytes with plasmalemma
BKc. antibodies, mitotracker, and wheat germ agglutinin
yielded remarkable mitochondrial but not plasma membrane
localization. Nanoscale fluorescence microscopy (Stimulated
Emission Depletion) revealed 7 to 15 of ~40-50 nm BKc,
clusters per mitochondria. Further, Western blot analysis of
purified mitochondria showed the presence of a full length
~125 kDa protein. Systematic RT-PCR exon scanning of
isolated cardiomyocyte mRNAs were consistent with a full
length ~125 kDa alpha-subunit protein and revealed the
expression of three splice inserts. Insertless-BKc, robustly
localized to the plasma membrane of CHO cells but when a
C-terminal splice insert was present BKc, was readily tar-
geted to the mitochondria (protein proximity index was ~1.0
indicating 100% colocalization). Hence, cardiac mitoBKc, is
composed by full-length BK¢, protein but with splice inserts
which may facilitate its targeting to mitochondria. Supported
by NIH and AHA.

P-507

Modulation of slowly activating (SV) channels in red beet
(Beta vulgaris L.) taproots by organo-lead and —tin.

Z. Trela', Z. Burdach?, S. Przestalski' and W. Karcz?
Department of Physics and Biophysics, Wroctaw University

of Environmental and Life Sciences, Norwida 25, PL-50-375
Wroctaw, Poland, 2Department of Plant Physiology, Faculty

of Biology and Environmental Protection, University

of Silesia, Jagiellonska 28, PL-40-032 Katowice, Poland

Patch-clamp technique was used to examine effect of tri-
methyl-lead and -tin on the SV channel activity in the red
beet (Beta vulgaris L.) taproot vacuoles. It was found that
the addition of both investigated compounds to the bath
solution inhibit, in a concentration-dependent manner, SV
currents. When single channel properties were analyzed,
only little channel activity can be recorded in the presence of
100 uM of organometal. Compounds investigated decreased
significantly (by about one order of magnitude) the open
probability of single channels. The recordings of single
channel activity obtained in the presence and in the absence
of organometal showed that compounds only slightly (by ca.
10%) decreased the unitary conductance of single channels.
It was also found that organometal diminished significantly
the number of SV channel openings, whereas it did not
change the opening times of the channels. Taken together,
these results suggest that organometal binding site is loca-
ted outside the channel’s selectivity filter and that the
inhibitory effect of both compounds investigated on SV
channel activity probably results from organometal-induced
disorder in compatibility between membrane lipids and
membrane proteins.

The research was financed by Polish Ministry of Science and
Higher Education by grant No. NN305 336434.

P-508

Electrophysiological investigation of the hVDAC1 ion
channel in pore-spanning membranes

Conrad Weichbrodt, Claudia Steinem
Georg-August-Universitdt Géttingen, IOBC, Tammannstr. 2,
D-37077 Géttingen, Germany, E-mail: cweichb@gwdg.de

The human Voltage-Dependent Anion Channel 1 (hVDAC1)
plays an important role in cell life and apoptosis since it is the
main porin of the outer mitochondrial membrane. As
hVDACH1 is believed to play a pivotal role in apoptosis-related
diseases such as stroke, Alzheimer, Parkinson and cancer,
the alterations of its electrophysiological properties under
different conditions are of great value.

To perform different investigations, refolded hVDAC1 is
reconstituted in artificial membranes which typically consist
of DPhPC with a cholesterol fraction of 10-30%. They are
prepared via the Miller-Rudin-technique on a functionalized
porous alumina substrate containing pores with a diameter of
60 nm. The quality of these so-called nano-Black-Lipid-
Membranes (nano-BLMs) is verified via electrochemical
impedance spectroscopy (EIS), hVDAC1 is reconstituted and
single channel recordings are made. Membranes are also
prepared by spreading proteoliposomes on hydrophobized
porous silicon nitride with pores of 1 um diameter.
Information about altered gating-characteristics and related
conductivities is gained by application of holding potentials
up to £100 mV and evaluation of the resulting currents.

Acknowledgment
The hVDAC1 was a kind gift of Prof. C. Griesinger, MPIBPC,
Géttingen.

P-509

MD simulations reveal mutation induced reorientation
of binding residues in the hERG K+ channel

Kirsten Knape', Tobias Linder?, Anna Stary-Weinzinger?
TInstitute for Theoretical Chemistry, Vienna, Austria,
2Department for Pharmacology and Toxicology, Vienna, Austria

Pharmacological inhibition of cardiac hERG K* channels is
associated with increased risk of arrhythmias. Many drugs
bind directly to the channel, thereby blocking ion conduction.
Ala-scanning mutagenesis identified residues important for
drug block. Two aromatic residues Y652 and F656 were
found to be crucial for block of most compounds. Surpris-
ingly, some cavity blocking drugs are only weakly affected by
mutation YB652A. In this study we provide a structural inter-
pretation for this observation. MD simulations on the Y652A
mutant suggest side chain rearrangements of F656 located
one helical turn below Y652. Loss of n-n stacking induces
reorientation of F656 from a cavity facing to a cavity lining
conformation, thereby substantially altering the shape of the
binding site. Docking studies reveal that due to their rigid
shape and compactness Y652 insensitive drugs can still
favorably interact with the reoriented F656 aryl groups, while
molecules with more extended geometries cannot.

@ Springer
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Clues to understanding the voltage regulation of TRPA1
Vlastimil Zima", Lucie Sur&?, lvan Barvik’, Viktorie Vlachova®
"Institute of Physics, Faculty of Mathematics and Physics,
Charles University, Prague 2, Czech Republic, 2Institute

of Physiology, Academy of Sciences of the Czech Republic,
Prague 4, Czech Republic

The ankyrin transient receptor potential channel TRPA1 is a
transmembrane protein that plays a key role in the trans-
duction of noxious chemical and thermal stimuli in
nociceptors. In addition to chemical activation, TRPA1 can be
activated by highly depolarizing voltages but the molecular
basis of this regulation is unclear. The transmembrane part of
the tetrameric TRPA1 is structurally related to the voltage-
gated K* channels in which the conserved charged residues
within the fourth transmembrane region (S4) constitute part
of a voltage sensor. Compared to these channels, the volt-
age-dependence of TRPA1 is very weak (apparent number
of gating charges ~ 0.4 versus 12 in K* channels) and its
putative voltage-sensing domain most likely lies outside the
S4 because TRPA1 completely lacks positively charged
residues in this region. In the present study we used
homology modelling and molecular dynamics to create
models of the transmembrane part and the proximal cyto-
plasmic C terminus of TRPA1. In combination with
electrophysiological data obtained from whole cell patch-
clamp measurements we were able to point out several
positively charged residues which mutation strongly alter the
voltage sensitivity of TRPA1 channel. These may be candi-
dates for as yet unrecognized voltage sensor.

Photosynthesis
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Action of double stress on Photosystem 2
Aliyeva Samira A., Gasanov Ralphreed A.
Institute of Botany, Azerbaijan National Academy
of Sciences, Baku, Azerbaijan

The simultaneous effect of photoinhibitory illumination and
toxic action of heavy metals ions (Cd®>" and Co?") on activity
of PS2 in vitro measuring by millisecond delayed fluores-
cence (ms-DF) of chlorophyll A was studied. During action on
chloroplasts only of Cd?* (1073M) the fast component of ms-
DF, which originates via radiative recombination of reaction
center with the CaMny-cluster or Y, on donor side of PS2, is
inhibited stronger than at action of only Co?*. The steady-
state level at Cd®>* treatment is remain stable, while at Co?*
action it is increased. Simultaneous action of Cd?* and pho-
toinhibitory illumination (4000 pmol photons m™2 s~') have
shown that fast component of ms-DF was inhibited faster with
time than in case of action of Co®* and excess light. Result
indicates that damage sites of action Cd?* and Co®* are
donor and acceptor side of PS2, accordingly. We assume that
binding site of Cd?* is Yz or CaMn,-cluster, one of the
recombination partners with Pggo™ on the donor side of PS2.
Thereby, action of Cd ions on donor side of PS2 leads mainly
to development of mechanism of donor-side photoinhibition.

@ Springer
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Field instrument for determination of the photosynthetic
capacity of intact photosynthetic bacteria

E. Asztalos', Z. Gingl? and P. Maréti’

Department of Medical Physics and Informatics, University
of Szeged, Hungary, 2Department of Experimental Physics,

University of Szeged, Hungary

A combined pump and probe fluorometer and spectropho-
tometer with high power laser diodes has been constructed to
measure fast induction and relaxation of the bacteriochloro-
phyll fluorescence yield and light-induced absorption changes
in intact cells of photosynthetic bacteria. The construction is
the upgraded version of our previous set up” with better time
resolution (5 ps). The compact design of the mechanics,
optics, electronics and data processing makes the device
easy to use as outdoor instrument or to integrate into larger
measuring systems. The versatility and excellent performance
of the apparatus will be demonstrated on different fields: 1)
organization and redox state of the photosynthetic apparatus
of the whole cells under different growth conditions deduced
from fluorescence characteristics including the lag phase, the
amplitude and the rise time of the variable fluorescence, 2)
electron transfer in the reaction center, cytochrome bcq com-
plex and in between obtained from relaxation of the
fluorescence and 3) re-reduction kinetics of the oxidized pri-
mary donor of the reaction center and energetization and
relaxation of the intracytoplasmic membrane tracked by
absorption changes at 798 and 525 nm, respectively.

(1) Kocsis et al. Photosynth Res (2010) 105:73-82.
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Role of carotenoid and aggregation in energy dissipation
of IsiA from cyanobacteria

Sandrine D’Haene, Jan P. Dekker

Department of Biophysics, Faculty of Sciences,

VU University, Amsterdam, The Netherlands

Previous work has established that the Iron Stress Induced
protein A (IsiA) synthesized by cyanobacteria under stress
conditions, has at least two functions: light harvesting [1]
and photoprotection [2]. Under prolonged iron starvation
IsiA becomes the main chlorophyll-binding protein in the cell
and occurs without a photosystem association. These IsiA
aggregates have a strong ability to dissipate light energy
and there is evidence of carotenoid participation in the
quenching mechanism via downhill energy transfer from
chlorophyll to the S1 state of a carotenoid [3]. In the present
work we have measured the temperature dependence of
the fluorescence of carotenoid depleted mutants (echine-
none and/or zeaxanthin) and IsiA monomers in order to
investigate the role of carotenoid and aggregation in the
quenching process. Pigment analysis confirms the absence
of the carotenoid mutated in its biosynthesis but shows that
it is mainly replaced. The monomers are lacking two
carotenoids, echinenone and one of the two R-carotenes
found previously in IsiA aggregates. Temperature depen-
dent fluorescence shows that quenching properties are
affected in the monomers and the mutants lacking
zeaxanthin.
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Photosynthetic water oxidation: from biophysics to solar
fuels

Holger Dau, Ivelina Zaharieva, Michael Haumann, Lazlo
Gerencser, Andre Klauss, Bjoern Suess, Marcel Risch

Free University Berlin, Dept. of Physics, Berlin, Germany

Soon exhausted oil resources and global climate change have
stimulated research aiming at production of alternative fuels,
ideally driven by solar energy. Production of solar fuels needs to
involve the splitting of water into protons, energized electrons
and dioxygen. In photosynthetic organisms, solar-energy con-
version and catalysis of water splitting (or water oxidation)
proceed in an impressive cofactor-protein complex denoted as
photosystem Il (PSIl). The heart of biological water-oxidation is
a protein-bound manganese-calcium complex working at
technically unmatched efficiency. In an attempt to learn from
nature, the natural paragon is intensely studied using advanced
biophysical methods. Structural studies by X-ray spectroscopy
with synchrotron radiation play a prominent role in this endea-
vor. Time-resolved methods provide insights in the formation of
intermediate states of the reaction cycle. An overview is pre-
sented focusing on (i) the efficiency of solar energy usage in
PSII, (ii) the interrelation between electron transfer and proton
relocations, and (iii) the mechanism of water oxidation. As an
outlook, new results on water oxidation by biomimetic manga-
nese and cobalt oxides, which may become a key element in
future solar-fuel systems, are presented.

P-516

Energy harvesting in photosynthetic antennas:
structural and dynamical characterization of non-
equivalent peridinins in different forms of the Peridinin-
Chlorophyll-Protein

G. Di Paolo" and L.Guidoni'-2

"Department of Physics, La Sapienza—University of Rome,
Italy, 2Department of Chemistry, Chemical Engineering

and Materials, University of L'Aquila, Italy

The Peridinin-Chlorophyll-Protein (PCP) is a light-harvesting
complex (LHC) that works as antenna in the photosynthetic
process of dinoflagellates. The protein contains both chloro-
phylls and carotenoids molecules, the latter being responsible
to extend the spectral range of captured light to regions where
chlorophylls are transparent. PCP crystal structures [1] reveal
that each chlorophyll is surrounded by 3 or 4 molecules of the
carotenoid peridinin, located in non-equivalent positions. The
different protein environment of the sites might be responsible
of a spectral shift of the pigments with the functional role to
extend the absorption spectra of the complex and enhance its

light harvesting capabilities. High resolution X-ray diffraction
data on a reconstructed PCP, the refolded peridinin-chlorophyll
a-protein (RFPCP) [2], and on the less common high salt-PCP
(HSPCP) opened the way to the mechanistic understanding of
peridinin spectral tuning, peridinin chlorophyll energy transfer
and photoprotective mechanism [3]. The two PCP forms differ
in various features: spectral properties, molar mass, amino acid
sequence and, above all, pigment stoichiometry, the peridi-
nin:chlorophyll ratio being 4:1 for the RFPCP and 3:1 for the
HSPCP [4]. In the present work we perform classical molecular
dynamics simulations of the RFPCP and the HSPCP in explicit
water solution. We analyse the structure and dynamics of the
proteins and of their pigments to characterize the different
peridinin sites in both PCP forms in terms of quantities that can
affect the chromophore spectra, such as distorsion, fluctua-
tions and nature of the protein environment. The comparison
between the data suggests correspondences between the
pigments of the two forms. Quantum and mixed quantum/
classical molecular dynamics simulations are also under pro-
gress to investigate the effect of the protein environment on the
electronic and optical properties of the PCP pigments.

[11 F. P. Sharples, P. M. Wrench, K. Ou, R. G. Hiller,
Biochimica et Biophysica Acta 1276, 117 (1996)

[2] T. Schulte, D. M. Niedzwiedzki, R. R. Birge, R. G. Hiller,
T. Polivka, E. Hofmann, and H. A. Frank, PNAS 106,
20764 (2009)

[3] A. Damjanovic, T. Ritz and K. Schulten, Biophysical
Journal, 79, 1695 (2000)

[4] R. P. llagan, S. Shima, A. Melkozernov, S. Lin, R.
E. Blankenship, F. P. Sharples, R. G. Hiller, R. R. Birge
and H. A. Frank, Biochemistry, 43,1478 (2004)

Two different forms of PCP and their cofactors: chlorophyll (green) and
peridinin (from yellow to red) molecules
Peridinin:chlorophyll ratio 4:1 for RFPCP (left) and 3:1 for HSPCP (right)
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Porous silicon/photosynthetic reaction center hybrid
nanostructure
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G. Palestino*, D.S. Leza®*, K. Hernadi', Z. Nemeth', L. Nagy'
"Departments of Medical Physics and Informatics

and Department of Applied and Environmental Chemistry,
University of Szeged, Hungary, 2Laboratoire Charles
Coulomb, UMR 5221 CNRS-Université Montpellier 2,
Montpellier, France, ®Institute of Biophysics, BRC, Szeged,
Hungary, *CIICAP- Universidad Autonoma del Estado de
Morelos, Col Chamilpa, Cuernavaca and Facultad de
Ciencias Quimicas, Universidad Auténoma de San Luis
Potosi, Mexico

Multifunctional self-assembled nanoscale materials based on
bio-matter are of special interests because of promising
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peculiar applications, like in optoelectronics, biosensors,
photovoltaics. Among the existing carrier matrices conduc-
tive metal oxides (e.g. indium tin oxide, ITO), carbon
nanotubes, graphenes, silicon (Si) are the most frequently
used materials because of their unique characteristics such
as good conductivity, good optical properties and excellent
adhesion to substrates. In our work we combined purified
photosynthetic reaction center protein (RC) and porous sili-
con (PSi) investigating the morphology and optoelectronic
properties of the bio-nanocomposite material. FTIR spec-
troscopy, scanning electron microscopy and energy-
dispersive X-ray spectroscopy indicated the binding of the
protein to the PSi. Specular reflectance spectra showed a
red shift in the characteristic interference peak of the PSi
microcavity which was saturated at higher concentration of
the protein. The binding was more effective if the function-
alization was done by the Si-specific oligopeptide compared
to the classical covalent binding via aminopropyl-triethox-
ysilane (APTES). Excitation by single saturation flashes
indicated that the RC still exhibited photochemical turnover
after the binding.

P-519

Effects of singlet oxygen elicitors on plant leaves — are
these all caused by ROS?

Eva Hideg " 2, Ferhan Ayaydin 3, Julia Tandori #, Tamas
Kalai °, Laszlé Kovacs "

TInstitute of Plant Biology, Biological Research Center,
Szeged, Hungary, 2Institute of Biology, University of Pécs,
Hungary, 3Cellular Imaging Laboratory, Biological Research
Center Szeged, Hungary, *Department of Medical Physics
and Informatics, University of Szeged, Hungary, °Institute
of Organic and Medicinal Chemistry, University of Pécs,
Hungary

The role of reactive oxygen species (ROS) in plant stress,
both as damaging agent and as potential signal molecule is
often assessed in experiments using photosensitized elicitor
dyes. For these studies, it is essential to know how efficiently
these chemicals generate ROS, whether they are specific
ROS sources, as well as their cellular localization and addi-
tional side effects. The present study addresses these issues
using a variety of dyes known and traditionally applied as
singlet oxygen ('0,) sources. Rose Bengal (RB), Methylene
Violet (MVI), Methylene Blue (MB), Neutral Red (NR) and
Indigo Carmine (IC) were studied as putative ROS sources in
tobacco leaves.

ROS products of photosensitized dyes were measured in
vitro, using spin trapping EPR spectroscopy. Dye concentra-
tions and irradiation concentration leading to equal absorbed
excitation quanta were determined spectrophotometrically. In
vivo studies were carried out using tobacco leaves infiltrated
with water solutions of the putative 'O, sources. Cellular
localizations were identified on the basis of the dyes’ fluo-
rescence. RB, NR and MVI reached into mesophyll cells and
were used to study the effects of these dyes on photosyn-
thesis. Photochemical yields and quenching processes were
compared before and after photosensitization of the elicitor
dyes inside the leaf samples.
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Chlorophyll-chlorophyll charge transfer quenching is
the main mechanism of non-photochemical quenching
in higher plants

Alfred R. Holzwarth

Max-Planck-Institut fiir BioanorganischeChemie, Stiftstralle
34-36, D-45470 Miilheim a.d.Ruhr, Germany

Non-photochemical quenching (NPQ) in plants protects
against photochemical destruction of the photosynthetic
apparatus under excess light conditions.While one location of
the NPQ process has been shown to be centered on the major
light harvesting complex Il (LHCII) (Q1 type or gEquenching),
an additional quenching center responsible for gl type (iden-
tical to Q2 center) quenchinghas been suggested to be
located on the minor light-harvesting complexes upon accu-
mulation ofzeaxanthin (Zx), in particularon CP24 and CP29
We have performed femtosecond transient absorption and
time-resolved fluorescence measurements of NPQ quench-
ing in intact leaves of higher plants, on isolated light
harvesting complexes in the minor (non-aggregated)light
harvesting complex CP29 reconstituted with violaxanthin
(Vx) or Zx, and in the isolated major LHC Il complex in the
aggregated state. In all of these situations we find the for-
mation of Chl-Chl charge transfer (CT) states to be the
dominant quenching mechanism. The yield of formation of
carotenoid cation states and/or carotenoid S, state is either
extremely low or absent, thus excluding their involvement in
NPQ quenching as a major quenching mechanism.
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Fluorescence dynamics of plant light harvesting
complexes studied by single molecule spectroscopy
"Cristian llioaia, 'Tjaart Kriiger, 2Matthew P. Johnson, *Peter
Horton, “Alexander V. Ruban and Rienk van Grondelle
"Department of Physics and Astronomy, VU University,
Amsterdam, The Netherlands, 2School of Biological

and Chemical Sciences, Queen Mary University of London,
London, United Kingdom, *Department of Molecular Biology
and Biotechnology, University of Sheffield, Sheffield, United
Kingdom

Single-molecule spectroscopy (SMS) is a powerful technique
that allows investigation of fluorescence properties from
single fluorescing systems. This technique enabled us to
investigate the dynamics of the fluorescence intensity and
spectral profiles of single, isolated light harvesting complex
(LHC) on timescales of milliseconds to seconds, during
continuous laser illumination. We were able to observe how
each complex can rapidly switch between different emission
states [1,2] and to characterise the intensity and the spectral
dynamics of major and minor antenna complexes from
plants, in two different environments, mimicking the light
harvesting and the light dissipating state, respectively. The
results will be discussed with respect to the current models
for nonphotochemical quenching (NPQ) mechanisms [3,4,5],
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a vital photoprotection mechanism during which the LHCs of
plants switch between a state of very efficient light utilisation
and one in which excess absorbed excitation energy is
harmlessly dissipated as heat.

[11 T.PJ. Kruger, V.I. Novoderezhkin, C. llioaia, R. van
Grondelle (2010) Biophys. J. 98, 3093-3101

[2] T.P.J. Kriuger, C. llioaia, L. Valkunas, R. van Grondelle
(2011) J. Phys. Chem. B, in press

[3] A.V. Ruban et al. (2007) Nature 450, 575-U22

[4] A.R. Holtzwarth, Y. Miloslavina, M. Nilkens, P. Jahns
(2009) Chem. Phys. Lett. 483, 262-267

[5] T.K. Ahn et al. (2008) Science 320, 794-797
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Characterization of the light harvesting antenna system
in the diatom Phaeodactylum tricornutum

Jidnyasa Joshi, Matthias Schmidt, Claudia Biichel

Institute of Molecular Biosciences, Johann Wolfgang
Goethe-University, Frankfurt am Main, Germany

Phaeodactylum tricornutum is one of the most utilized model
organisms in diatom photosynthesis research mainly due to
availability of its genome sequence (1). It's photosynthetic
antennae are the Fucoxanthin Chlorophyll a/c binding Pro-
teins (Fcps) which share a high degree of homology with
Lhcs of higher plants and green algae (2). For detailed
investigation of the antenna system of Ptricornutum, a
transgenic strain expressing recombinant His-tagged FcpA
protein was created which simplified the purification of a
specific stable trimeric Fcp complex consisting of FcpA and
FcpE proteins. Excitation energy coupling between fuco-
xanthin and chlorophyll a was intact and the existence of a
chlorophyll a/fucoxanthin excitonic dimer was demonstrated
(3). We investigated in detail the existence of specific
antenna system for PSI and PSII in Ptricornutum as in case
of higher plants. Our studies indicated that at least the main
light harvesting proteins FcpA and FcpE are most probably
shared as a common antenna by both PSI and PSII.

References:

1. Bowler C., et al. 2008
2. Green BR. 2003.
3. Joshi-Deo J., et al. 2010
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Effect of hydrophobic mismatch on the light-induced
structural changes in bacterial reaction centers

S. S. Deshmukh, H. Akhavein, and Laszlé Kalman
Department of Physics, Concordia University, Montreal,
Quebec, Canada

Light-induced structural changes are reported near the pri-
mary electron donor of bacterial reaction centers (BRC)
dispersed in detergent micelles and in liposomes from lipids
with different fatty acid chain lengths. In this study we present
evidence for the correlation between the light-induced
increase of the local dielectric constant, determined by the
analysis of the electrochromic absorption changes, and the

lifetime of the charge-separated state at physiologically rel-
evant temperatures. The increase of the local dielectric
constant induced a significant decrease of the oxidation
potential of the primary electron donor and a slow proton
release, which appears to be the rate limiting step in the
overall process. Systematic selection of the head group
charges of detergents and lipids, as well as the thickness of
the fatty acid chains of the liposome forming lipids can
increase the lifetime of the charge-separated state by up to 5
orders of magnitude. Such extensions of the lifetime of the
charge-separated state were reported earlier only at cryo-
genic temperatures and can provide new opportunities to
utilize the BRC in energy storage.
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Ontogenesis of photosynthetic bacteria tracked

by absorption and fluorescence kinetics

M. Kis, E. Asztalos, P. Maroéti

Department of Medical Physics and Informatics, University
of Szeged, Hungary

The development of photosynthetic membrane of Rhodobacter
sphaeroides was studied by absorption spectroscopy and fast
induction of bacteriochlorophyll fluorescence in different pha-
ses of the growth, under various growing conditions (oxygen
content, light intensity etc.) and in synchronous cell population.
The results are: 1) The newly synthesized components of the
membranes were imbedded immediately into the proteinous
scaffold independently on the age of the cell (no ,transient”
membranes were observed). 2) Under aerobic conditions, the
pigments were bleached and under anaerobic conditions the
pigment systems showed greening. The relative variable
fluorescence (F,/Fmnax) had small age-dependent (but not cell-
cycle-related) changes. The fluorescence induction kinetics
was sensitive marker of the aerobiosis: the F,/Fnax ratio
dropped from 0.7 to 0.4 and the photochemical rate constant
from 5-10* s~ to 3-10* s~ with an apparent halftime of about
4-5 hours after change from anaerobic to aerobic atmosphere.
3) The electrogenic signal (absorption change at 525 nm)
reflected the energetization of the membrane which showed
cell-cycle dependent changes. That included periodic pro-
duction and arrangement of protein-lipid components of the
membrane synchronized to the cell division.
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Functional domain size of the plant light-harvesting
antenna in native membranes and artificial aggregates
Petar H. Lambrev'®", Franz-Josef Schmitt2, Sabine
Kussin', Max Schoengenz, Zsuzsanna Vérkonyi3, Hans
Joachim Eichler?, Gy6z6 Garab®, Gernot Renger'”
"Max-Volmer-Laboratory for Biophysical Chemistry PC 14,
Berlin Institute of Technology, Strasse des 17. Juni 135,
10623 Berlin, Germany, 2 Institute of Optics and Atomic
Physics, Berlin Institute of Technology, Strasse des 17. Juni
135, 10623 Berlin, Germany, 3Institute of Plant Biology,
Biological Research Center, Hungarian Academy

of Sciences, Temesvari krt. 62, 6726 Szeged, Hungary

The degree of energetic connectivity, or functional domain
size, was studied in artificial aggregates of the main light-
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harvesting complex Il (LHCIIb) from spinach or in native
thylakoid membranes by picosecond time-resolved fluores-
cence. The domain size was estimated by monitoring the
efficiency of added exogeneous singlet excitation quenchers
— phenyl-p-benzoquinone (PPQ) and dinitrobenzene (DNB).
The fluorescence decay kinetics of the systems under study
were registered without quenchers and with quenchers
added in a range of concentrations. Stern-Volmer constants,
K'sy and Ksy - for aggregates (membranes) and detergent-
solubilized complexes, respectively, were determined from
the concentration dependence of the ratio of the mean fluo-
rescence lifetimes without/with quencher (zo, ). The ratio
K'Ksy ® 10/7'g was suggested as a measure of the functional
domain size. Values in the range of 15-30 were found for
LHCII macroaggregates and 12-24 for native thylakoid
membranes, corresponding to domain sizes of 500-1000
chlorophylls. Although substantial, the determined functional
domain size is still orders of magnitude smaller than the
number of physically connected pigment-protein complexes;
thus our results imply that the physical size of an antenna
system beyond these numbers has litle or no effect on
improving the light-harvesting efficiency.
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Photosynthetic reaction center/carbon nanotube hybrid
nanostructures

M. Magxarﬂ K. Hajdu’, K. Hernadi?, E. Horvath®, A. Magrez®,
K. Nagy*, Gy. Varo®, L. Forro® and L. Nagy'

'"Departments of Medical Physics and Informatics, University
of Szeged, Hungary, 2Department of Applied

and Environmental Chemistry, University of Szeged,
Hungary, Institute of Physics of Complex Matter, Ecole
Polytechnique Fédérale de Lausanne, Switzerland, 4Institute
of Biophysics, HAS Biological Research Center, Szeged,
Hungary

The interaction between photosynthetic reaction center
proteins (RCs) purified from purple bacterium Rhodobacter
sphaeroides R-26 and functionalized and non-functionalized
(single (SWNT) and multiple (MWNT) walled) carbon
nanotubes (CNT-s) has been investigated. Both structural
(AFM, TEM and SEM microscopy) and functional (flash
photolysis and conductivity) techniques showed that RCs
can be bound effectively to different CNTs. Both physical
sorption and binding through -NH, or —-COOH groups gave
similar results. However, it appeared that by physical
sorption some sections of the CNTs were covered by mul-
tiple layers of RCs. After the binding the RCs kept their
photochemical activity for a long time (at least for three
months, even in dried form) and there is a redox interaction
between the CNT and RCs. The attachment of RC to CNTs
results in an accumulation of positive and negative charges
followed by slow reorganization of the protein structure after
excitation. In the absence of CNT the secondary quinone
activity decays quickly as a function of time after drying the
RC onto a glass surface. The special electronic properties
of the SWNT/protein complexes open the possibility for
several applications, e.g. in microelectronics, analytics or
energy conversion and storage.

@ Springer
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Relaxation of bacteriochlorophyll fluorescence in intact
cells of photosynthetic bacteria

P. Maréti and E. Asztalos

Department of Medical Physics and Informatics, University
of Szeged, Hungary

The decay of the high fluorescence state generated by
actinic illumination of different durations was measured in
whole cells of various strains and mutants of photosynthetic
purple bacteria. Although similar method is used in higher
plants, its application in photosynthetic bacteria is novel and
highly challanging. The available data are restricted and only
the re-oxidation of the reduced primary quinone (Qa — Qa) is
usually blamed for the decay kinetics. Here, we will analyse
the complexity of the kinetics over a very broad time range
(from 5 ps to 5 s) and show that the dark relaxation of the
bacteriochlorophyll fluorescence reflects the overlap of sev-
eral processes attributed to the intra- and interproteinous
electron transfer processes of the reaction center (RC) and
cytochrome bc; complex of the bacterium. In the shorter (< 1
ms) time scale, the dominating effect is the re-reduction of
the oxidized primary donor (Pt — P) that is followed by the
re-oxidation of the acceptor complex of the RC by the cyto-
chrome bcq complex. As the life times and amplitudes of the
components depend on the physiological state of the pho-
tosynthetic apparatus, the relaxation of the fluorescence can
be used to monitor the photosynthetic capacity of the pho-
tosynthetic bacteria in vivo.
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Anisotropic circular dichroism signatures of oriented
thylakoid membranes and lamellar aggregates of LHCII
Yuliya Miloslavina®, Petar H. Lambrev', Tamas Javorfi?,
Zsuzsanna Varkonyi', Vaclav Karlicky', Joseph S. Wall®,
Geoffrey Hind® and Gyéz6 Garab'

TInstitute of Plant Biology, Biological Research Center,
Szeged, Hungary, ?Diamond Light Source Ltd., Diamond
House, Chilton, Didcot, U.K., SBiology Department,
Brookhaven National Laboratory, Upton, NY, USA

Circular dichroism (CD) spectroscopy is an indispensable
tool to probe molecular architecture. At the molecular level
chirality results in intrinsic CD, pigment-pigment interactions
in protein complexes give rise to excitonic CD, whereas “psi-
type” CD originates from large densely packed chiral
aggregates. It has been well established that the anisotropic
CD (ACD), measured on samples with defined orientation,
carries specific information on the architecture of molecules.
However, ACD can easily be distorted by linear dichroism of
the sample or instrumental imperfections — which might be
the reason why it is rarely studied in photosynthesis research.
Here we present ACD spectra of isolated intact and washed,
unstacked thylakoid membranes, photosystem || membranes
(BBY), and tightly-stacked lamellar macroaggregates of the
main light-harvesting complex Il (LHCII). We show that the
ACD spectra of face- and edge-aligned stacked thylakoid
membranes and LHCII lamellae exhibit profound differences
in their psi-type CD bands. Marked differences are also seen
in the excitonic CD of BBY and washed thylakoid mem-
branes. Thus ACD provides an additional dimension to the
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analysis of complex biological structures as compared to
isotropic CD.
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Conformation changes after primary charge separation
in photosynthetic reaction centers

L. Nagy’, A. Bérzsényi?, K. Osvay?, K. Nagy?®,

Gy. Varo®, P. Maréti!, M. Terazima®*

"Department of Medical Physics and Informatics, University
of Szeged, Hungary, 2Department of Optics and Quantum
Electronics, University of Szeged, Hungary, °Institute

of Biophysics, BRC, Szeged, Hungary, *Kyoto University,
Graduate School of Science, Department of Chemistry,
Kyoto, Japan

Light induced conformation changes of quinone depleted
photosynthetic reaction centers (RCs) purified from the
carotenoid-less Rhodobacter sphaeroides R-26 were inves-
tigated by transient absorption (TA) and grating (TG)
methods. Surprisingly, the decay of the TA signal measured
at 860 nm was divided into a 15 ns and a 40 pus components.
The latter coincides with the life time of the TG signal, which
was assigned earlier [Nagy et al. (2008) FEBS Lett. 582,
3657-3662] to spectrally silent conformational changes. The
nature of the 40 us phase was investigated further. Although,
the probability of chlorophyll triplet formation under our
measuring conditions was small, possible contribution of the
triplet states was also studied. The presence of carotenoid in
the wild type RCs eliminated the 40 us component indicating
the role of carotenoid in the energy transfer within the RCs.
There was no significant effect of the molecular oxygen on
the TA. This fact may be explained if the chlorophyll triplets
inside the protein have reduced accessibility to molecular
oxygen. A differential effect of osmotic potential and viscosity
on conformation changes accompanying the primary charge
separation was measured by the effect of ficoll, glucose and
glycerol as compared the TA to the TG signals.
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Variable chlorophyll fluorescence: in part a yield change
due to light-induced conformational change

Gert Schansker', Szilvia Z. Toth!, Laszlo Kovacs',

Alfred R. Holzwarth? and Gyéz6 Garab'

TInstitute of Plant Biology, Biological Research Center,
Hungarian Academy of Sciences, Szeged, Hungary, *Max-
Planck-Institut flir Bioanorganische Chemie, Miilheim an der
Ruhr, Germany

On a dark-to-light transition the chlorophyll fluorescence rises
from a minimum intensity (Fp) to a maximum intensity (Fy).
Conventionally, this rise is interpreted to arise from the
reduction of the primary quinone acceptor, Qa, of photosys-
tem Il - although this cannot explain all presently available
observations. In untreated leaves, at room temperature, the
fluorescence rise follows the reduction of the electron trans-
port chain (ETC). Once induced, ~30-40 % of the variable
fluorescence intensity relaxes within 100 ms in darkness and
can be re-induced within 3 ms as long as the ETC remains
reduced. Analyzing the fluorescence relaxation kinetics, +/-
DCMU, ~30% of the amplitude cannot be explained by Qu

re-oxidation. Special properties of this phase determined on
DCMU-inhibited samples: at cryogenic temperatures (below -
40°C), where the Qa/S, recombination is blocked, it still
relaxes and it exhibits a strong temperature dependence with
an apparent E; ~ 12 kJ/mol, whereas the reduction of Qa is
nearly temperature insensitive. A fluorescence yield change,
driven by light-induced conformational change in the reaction
center complex, can explain all these observations.
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Tuning function in bacterial light-harvesting complexes
Katia Duquesne', Edward O'Reilly?, Cecile Blanchard’,
Alexandra Olaya-Castro? and James N. Sturgis’

"1 ISM, CNRS and Aix-Marseille University, Marseille,
France, 2Depan‘ment of Physics, University College, London,
UK

Purple photosynthetic bacteria are able to synthesize a
variety of different light-harvesting complexes, sometimes
referred to as LH2, LH3 and LH4. Here we have investigated
the structural origins of these different forms and the manner
in which the sequence tunes the absorption spectrum of the
light-harvesting system. We then consider the functional
consequences of this tuning for the organization of the light
harvesting system and on the ecology of the organisms.
Specifically by spectroscopic techniques, in particular circular
dichroism and resonance Raman spectroscopy, we have been
able to obtain information on the organization of the bacterio-
chlorophyll binding sites in the unusual LH4 of Roseobacter
denitrificans. This provides a picture of how different peripheral
light-harvesting complexes are able to modulate the absorption
spectrum. The structure and organization of this complex is the
put in the context of the the recently published variability of the
light-harvesting complexes. In particular the observation of their
ability to form mixed complexes containing different polypep-
tides. We examine quantitatively the possible reasons for
maintaining such variability by considering the transport prop-
erties of membranes containing either pure or mixed complexes
and show that mixed complexes can permit light-harvesting to
continue during adaptation. We then consider the different
constraints that may be behind this type of adaptation in different
bacteria and the conditions under which different types of
antenna system might be optimal Finally we integrate this into
the evolutionary context of adaptation to variable light intensity
and the ecological niches where such organisms are found.
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Interaction between photosynthetic reaction centers
and ITO

T. Szabo', G. Bencsik?, G. Kozak', Cs. Visy?,

Z. Gingl®, K. Hernadi®, K. Nagy®, Gy. Varo® and L. Nagy'
"Departments of Medical Physics and Informatics, 2Physical
Chemistry and Materials Science, 3Technical Informatics
and of, *Applied and Environmental Chemistry, University
of Szeged, Hungary, °Institute of Biophysics, HAS Biological
Research Center, Szeged, Hungary

Photosynthetic reaction center proteins (RC) purified from

Rhodobacter sphaeroides purple bacterium were deposited on
the surface of indium-tin-oxide (ITO), a transparent conductive
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oxide, and the photochemical/-physical properties of the
composite was investigated. The kinetics of the light induced
absorption change indicated that the RC was still active in the
composite and there was an interaction between the protein
cofactors and the ITO. The electrochromic response of the
bacteriopheophytine absorption at 771 nm showed an
increased electric field perturbation around this chromophore
on the surface of ITO compared to the one measured in
solution. This absorption change is associated with the charge-
compensating relaxation events inside the protein. Similar life
time, but smaller magnitude of this absorption change was
measured on the surface of borosilicate glass. The light
induced change in the conductivity of the composite as a
function of the concentration showed the typical sigmoid sat-
uration characteristics unlike if the chlorophyll was layered on
the ITO which compound is photochemically inactive. In this
later case the light induced change in the conductivity was
oppositely proportional to the chlorophyll concentration due to
the thermal dissipation of the excitation energy.
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The supramolecular organization of photosystem Il in
vivo studied by circular dichroism spectroscopy
Tiinde Téth"?, Herbert van Amerongen?2, Gyézé Garab’,
Laszlo Kovacs'

TInstitute of Plant Biology, Biological Research Center,
Hungarian Academy of Sciences, Hungary, 2Wageningen
University, Laboratory of Biophysics, Wageningen, The
Netherlands, MicroSpectroscopy Centre, Wageningen
University, Wageningen, The Netherlands

The light reactions of photosynthesis in higher plants take
place in granal chloroplast thylakoid membranes, which con-
tain chirally organized macrodomains composed of
photosystem Il (PSII) supercomplexes associated with light
harvesting antenna complexes (LHCIIs). The physiological
relevance of this hierarchic organization, which often manifest
itself in semicrystalline assemblies, has not been elucidated
but the diversity of the supramolecular structures and their
reorganizations under different conditions indicates its regula-
tory role. The present work focuses on the structural and
functional roles of different components of LHCII-PSII super-
complexes. We used various growth conditions, influencing
the protein composition, and different Arabidopsis mutants
(KoCP24, KoCP26, KoPsbW, KoPsbX, Dgd1), with altered
organization of the membranes, and measured their circular
dichroism (CD) spectra as well as their chlorophyll fluores-
cence kinetics to characterize the chiral macro-organization of
the chromophores and the functional parameters of the
membranes, respectively. We show that the formation of chiral
macrodomains require the presence of supercomplexes. Our
data also reveal specific functions of some of the protein or lipid
compounds in the light adaptation processes of plants.

@ Springer
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Excitation energy transfer and non-photochemical
quenching in photosynthesis

Rienk van Grondelle

Department of Physics, VU University, De Boelelaan 1081,
1081HV, Amsterdam, The Netherlands

The success of photosynthesis relies on two ultrafast pro-
cesses: excitation energy transfer in the light-harvesting
antenna followed by charge separation in the reaction
center. LHCII, the peripheral light-harvesting complex of
Photosystem I, plays a major role. At the same time, the
same light-harvesting system can be ‘switched’ into a
quenching state, which effectively protects the reaction
center of Photosystem Il from over-excitation and photo-
damage. In this talk | will demonstrate how LHCII collects
and transfers excitation energy. Using single molecule
spectroscopy we have discovered how LHCII can switch
between this light-harvesting state, a quenched state and a
red-shifted state. We show that the switching properties
between the light-harvesting state and the quenched state
depend strongly on the environmental conditions, where the
guenched state is favoured under ‘NPQ-like’ conditions. It is
argued that this is the mechanism of non-photochemical
quenching in plants.
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Photobiology in the soil: arrested chlorophyll
biosynthesis in pea epicotyl sections

Beata Vitanyi, Katalin Solymosi, Annamaria Kosa,

Béla Boddi

Eétvés University, Institute of Biology, Department of Plant
Anatomy, Pazmany P. s. 1/C, H-1117 Budapest, Hungary

The key regulatory step of chlorophyll (Chl) biosynthesis is
the NADPH:protochlorophyllide oxidoreductase (POR) cata-
lyzed reduction of protochlorophyllide (Pchlide)which is light
activated in angiosperms. This process is usually described
on artificially dark-grown plants.

In this work, we studied epicotyl segments developed under
the soil surface, which were dissected from pea plants grown
under natural light conditions. Using 77 K fluorescence
spectroscopy, pigment analyses, electron microscopy and
fluorescence microscopy, we found that upper segments
showed transitional developmental stages, i.e. Chl appeared
besides Pchi(ide) and etio-chloroplasts were typical. In
regions under 5 cm depth, however, the characteristics of the
segments were similar to those of plants germinated artifi-
cially in complete darkness, i.e. only Pchl(ide) and etioplasts
were present.

The results of this work prove that these latter symptoms may
occur in shaded tissues of fully developed, photosynthetically
active plants grown under natural conditions.
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Computational Bioenergetics: From pure electron
transfer in cytochromes to chemistry in catalases

V. Tipmanee'?, M. Breuer', P. Zarzycki®, M. Alfonso-Prieto?,
C. Rovira*, K. M. Rosso®, J. Blumberger’

"University College London, Department of Physics

and Astronomy, Gower Street, London WC1E 6BT, UK,
2University of Cambridge, Department of Chemistry,
Lensfield Road, Cambridge CB2 1EW, UK, 3Pacific
Northwest National Laboratory, Richland, Washington, USA,
“Computer Simulation & Modeling Laboratory, Parc Cientific
de Barcelona, Baldiri Reixac 4, 08028 Barcelona, Spain

In this overview talk it will be shown how atomistic compu-
tations can complement experimental measurements in our
quest to understand biological electron and proton transfer
reactions. At first the molecular simulation methods for cal-
culation of important electron transfer parameter such as
reorganization free energy, electronic coupling matrix ele-
ments and reduction potentials will be explained. Then three
applications will be discussed where such computations help
interpret experimental data on a molecular level. The first
example concerns electron tunneling between heme a and
heme a3 in the proton pump cytochrome c oxidase. This
reaction is very fast, occurring on the nano-second time
scale, and it is unclear if this is due to an unusually low
reorganization free energy or due to high electronic coupling.
Carrying out large-scale all-atom molecular dynamics simu-
lation of oxidase embedded in a membrane, we do not find
evidence for unusually small values of reorganization energy
as proposed previously, implying that the nanosecond tun-
neling rate between heme a and a3 is supported by very
efficient electronic coupling. The second example is on
electron transport in a deca-heme ‘wire’-like protein, used by
certain anaerobic bacteria to transport electrons from the
inside of the cell to extracellular substrates. The crystal
structure of such a protein has been solved recently for the
first time. However, it is unclear if and in which direction the
wire structure supports electron transport. Here we present
results of heme reduction potential calculations that help us
reveal the possible electron flow in this protein. In a third
example we explain how quantum mechanical/molecular
mechanical methods (QM/MM) recently helped us under-
stand why the catalase from H. Pylori is prone to undergo an
undesired protein radical migration reaction during catalysis.
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Proton pumping activity of purple and brown
membranes regenerated with retinal analogues

K. Bryl', K.Yoshihara?

University of Warmia and Mazury, Department of Physics
and Biophysics, Olsztyn, Poland, 2Suntory Institute
for Bioorganic Research, Wakayamadai, Osaka 618, Japan

The retinal protein bacteriorhodopsin (BR) acts as a light-driven
proton pump in the purple membrane (PM) of Halobacterium
salinarium (H.s.). The aim of these studies was to clarify whether
the specific crystalline structure of protein and protein-substrate

interactions are significant for H* transfer into the aqueous bulk
phase. Two membrane systems were prepared: purple mem-
branes (BR arranged in a two-dimensional hexagonal lattice)
and brown membranes (BR not arranged in a crystalline lattice)
were regenerated with 14-Fuororetinals. Light-induced proton
release and reuptake as well as surface potential changes
inherent in the regenerated systems reaction cycles were
measured. Signals of optical pH indicators residing in the
aqueous bulk phase were compared with signals of pH indicator
covalently linked to the extracellular surface of proteins and with
surface potential changes detected by the potentiometric probe.
The energies of activation of proton transfer have been calcu-
lated. Experimental results and thermodynamic parameters
(energies of activation) suggest the different mechanism of
proton transfer into the aqueous bulk phase in these two sys-
tems. The implications for models of localized- delocalized
energy coupling by proton gradients will be discussed.
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Iron regulation is a vital process in organisms and in most of
them it is accomplished through the metal solubilisation and
storage by ferroxidase enzymes of the Ferritin family, which
have the ability of sequester, oxidize and mineralize ferrous
ions using oxygen or hydrogen peroxide as substrate. DNA-
binding proteins from starved cells (Dps) belong to this Fer-
ritin’s family. Dps belongs to the sub-type designated as mini-
ferritins and, besides iron storage and release capability, is
responsible for hydrogen peroxide resistance showing the
ability to form stable complexes with DNA. The preferable co-
substrate of this enzyme is H,O, although the reaction can
occur in the presence of oxygen with lower rate [1, 2]. In this
work, the electrochemical behaviour of the recombinant Dps
from Pseudomonas nautica, was assessed as a function
of metal content in anaerobic environment with H,O, as
co-substrate. The obtained electrochemical results together
with spectroscopic studies allowed inferring some new
hypothesis on the Dps iron uptake mechanism.

[1] T. Haikarainen, et al, Cell. Mol. Life Sci., 2010, 67, 341.
[2] E. Chiancone, et al, Biochim. Biophys. Acta-Gen. Subj.
2010, 1800, 798.
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Myoglobin at Au/SAM junctions: temperature, high
pressure and solvent kinetic isotope effects

Tinatin D. Dolidze, Dimitri E. Khoshtariya and Rudi van Eldik
LEPL Life Science Research Centre, 0160, Tbilisi, Georgia,
Institute for Biophysics and Bionanosciences, Department
of Physics, I. Javakhisvili Thilisi State University, 0128,
Thilisi,Georgia, Department of Chemistry and Pharmacy,
University of Erlangen-Niirnberg, 91058 Erlangen, Germany

We applied electrochemical methodology to study electron
exchange and accompanying medium reorganization effects
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for myoglobin electrostatically immobilized on Au-deposited
mixed self-assembled monolayers (SAMs) of the composition:
—S—(CH,)11—COOH/-S—(CH5)4+—OH. Our approach allows for
a soft switching of the haem group charge state and accurate
probing of the accompanying reorganizational dynamics of
conformational (quasi-diffusional) and quantum (e.g. proton-
related) modes. The electron transfer rate constants were
determined with H,O or D,O as solvent, under the variable
temperature (288-328 K) or pressure (5-150 MPa) conditions,
revealing the overall reorganization free energy of 0.5+0.1 eV,
activation volume of -3.1+0.1 cm® mol~" and inverse solvent
kinetic isotope effect of 0.7+0.1 (25 °C). On the grounds of an
extended charge-transfer theory, we propose specific proton-
coupled ET mechanism additionally coupled to the slow con-
formational dynamics of the protein matrix accompanied by
translocation(s) of haem-adjacent water molecule(s).
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Proton gradients across pore spanning membranes:
towards on-chip energy conversion

Daniel Frese, Claudia Steinem

Institute for Organic and Biomolecular Chemistry, Georg-
August-University Goettingen, Germany

In cell organelles, chemiosmotic potentials resulting from pro-
ton gradients across membranes are widely used to fix
chemical energy in forms of ATP. The high efficiency of this
protein-mediated energy conversion raises interest for artificial
proton gradient setups. To investigate proton transport across
artificial membranes, we prepared pore spanning membranes
(PSMs) on porous silicon substrates via painting technique.
This allowed us to trap aqueous content of well-defined com-
position and volume inside the substrates microcavities.
Nigericin, a peptide that acts as an H*-K*-antiporter and
bacteriorhodopsin, a transmembrane protein which is well
known to be a light driven proton pump, were reconstituted into
the pre-formed PSMs to achieve proton transport from one
aqueous compartment to the other. Changes of proton con-
centrations inside the pores were monitored by means of
confocal laser scanning microscopy (CLSM). Therefore, pores
were filled with pyranine, a pH-sensitive fluorescence dye and
variations in intensity were measured to analyze proton
translocation. We were able to show that both, nigericin and
bacteriorhodopsin are capable of building up a proton gradient
across PSMs and plan to co-reconstitute ATP synthases for
on-chip energy conversion by formation of ATP.
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Application of the Gibbs free energy profiles

to sequential biochemical reactions

Péter Farkas, Tamas Kiss and Eugene Hamori

Department of Biological Physics, E6tvés Lérand Tudomany
Egyetem, Budapest, Hungary, and Department

of Biochemistry, Tulane University, New Orleans, La., USA

The full understanding of the energetic details of complex
metabolic reaction sequences requires a step-by-step analysis
of the Gibbs Free Energy (G) changes of the “parasystem” (i.e.,
a collection of atoms comprising all the molecules participating
in a given reaction) as it gradually changes from its initial-
reactants state to its final-products state along the reaction
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pathway. Knowing the respective equilibrium constants of each
of the participating reaction steps and also the actual in vivo
concentrations of the metabolites involved, a free-energy profile
can be constructed that will reveal important information about
the progress of the reaction as driven by thermodynamic forces.
This approach will be illustrated on some biochemical reactions
including the glycolytic/gluconeogenetic pathways. Further-
more, the often misleading text-book representation of
enzymatic catalysis will be reexamined and explained in ther-
modynamic terms using the free-energy profiles of both the
non-catalyzed and the enzyme-catalyzed reactions.
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functionalized at Au/SAM junctions
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Redox-active proteins can be diversely functionalized at metal-
deposited self-assembled monolayers (SAMs) of a widely
variable composition and thickness. The voltammetric meth-
odology in combination with the advanced data processing
procedures allow for comprehensive kinetic data within the
congruent series of nano-devices and the subsequent calcu-
lation of the key physical parameters, such as the medium
reorganization energy of ET, the donor-acceptor electronic
coupling, effective relaxation time (related to the protein’s and
environment’s fluctuational dynamics), etc. In our studies the
“model” redox protein, cytochrome ¢ (CytC), was either freely
diffusing to SAM terminal groups (mode 1), or attached to
SAMs through the electrostatic interaction (mode 2), or specific
“wiring” (mode 3). Another redox-active protein, azurin, was
confined at terminal SAM groups through the hydrophobic
interaction (mode 4). Diverse experimental strategies including
the variation of SAM thickness, solution viscosity temperature
and hydrostatic pressure, allowed for a severe demonstration
of the full adiabatic and nonadiabatic control (thinner and
thicker SAMs, respectively), and the intermediary regime, in a
nice agreement with the major theoretical predictions.
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Proton transfers in a light-driven proton pump
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lllumination of bacteriorhodopsin causes isomerization of all-
trans retinal to 13-cis,15-anti and a cyclic reaction ensues, in
which the protein and the chromophore undergo conforma-
tional changes with an overall ten millisecond turn-over time
and a proton is transported from one membrane side to the
other. With crystal structures of six trapped intermediate
states and plausible structural models for the remaining two
intermediates, structures are now available for the initial
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bacteriorhodopsin state and all intermediates. They reveal
the molecular events that underlie the light-induced transport:
protonation of the retinal Schiff base by Asp85, proton
release to the extracellular membrane surface, a switch
event that allows reprotonation of the Schiff base from the
cytoplasmic side, side-chain and main-chain motions initi-
ated in the cytoplasmic region, formation of a single-file chain
of hydrogen-bonded water molecules that conducts the
proton of Asp96 to the Schiff base, and reprotonation of
Asp96 from the cytoplasmic surface. The observed changes
can be summarized as a detailed atomic-level movie in which
gradual relaxation of the distorted retinal causes a cascade
of displacements of water and protein atoms results in vec-
torial proton transfers to and from the Schiff base.
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Studying electron transfer in oligopeptides through nSR
L. Nuccio', V. Fodera?, F.L. Pratt®, A.M. Donald?, A.J. Drew'
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London, UK, 2University of Cambridge, Cavendish
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Source, Rutherford Appleton Laboratory, Chilton, Didcot, UK

Electron transfer (ET) processes are fundamental in photo-
synthesis, respiration and enzyme catalysis. The relative
importance of superexchange and sequential mechanisms in
biological ET is still a matter of debate. The identification of
any “stepping stones” necessary for electron hopping is a
key point in the understanding of long range ET. Hence, the
study of a single event in the sequence of reactions occurring
in these phenomena is a fundamental but formidable task.
Muon spin relaxation (uSR) has been shown to be sensitive
to charge transport on a molecular lengthscale. The muon is
a very sensitive probe of electron transport, as any changes
to the electronic density sampled by the muon can change its
spin polarization, which can easily be measured. In this
context, a very useful tool is the detection of the so-called
Avoided Level Crossing (ALC) resonances [1]. The
enhancement in the loss of polarization of the muon’s spin on
these resonances dramatically increases sensitivity.

We show that a laser pump - uSR probe technique can
measure ET processes at particular, and most importantly
known, sites within the amino acids chain, and therefore
track the time evolution of the electron over the molecule.

[1] S. Blundell, Chem. Rev. 104, 5717—5735 (2004)
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Involvement of histidine in electron and proton transfer
in bacterial photosynthetic reaction center
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Bochum, Germany

Keywords: Photosynthesis, reaction center, electron transfer,
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In photosynthesis, the central step in transforming light
energy into chemical energy is the coupling of light-induced
electron transfer to proton uptake. In the photosynthetic
reaction center (RC) of Rhodobacter sphaeroides, fast for-
mation of the charge separated state P*Qjp is followed by a
slower electron transfer from the primary quinone Q to the
secondary quinone Qg and the uptake of a proton from the
cytoplasm to Qg. Previous Fourier transform infrared (FTIR)
measurements on RC suggested an intermediate X in the
QaQg to QaQg transition. Mutation of the amino acid
AspL210 to Asn (L210DN mutant) slows down proton uptake
and oxidation of Qa. Using time-resolved FTIR spectroscopy
we characterized this RC mutant and proposed specific IR
bands that belong to the intermediate X. To study the role of
the iron—histidine complex located between Q and Qg, we
performed fast-scan FTIR experiments on the L210DN
mutant marked with isotopically labelled histidine. We
assigned IR bands of the intermediate X between 1120 cm™"
and 1080 cm ™" to histidine vibrations. These bands show the
protonation of a histidine, most likely HisL190, during the
QaQg to QaAQg transition. Based on these results we pro-
pose a new mechanism of the coupling of electron and
proton transfer in photosynthesis.
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Sodium influence on energy transduction by bacterial
complexes |

Ana P. Batista, Bruno C. Marreiros, Manuela M. Pereira
Instituto de Tecnologia Quimica e Bioldgica, Universidade
Nova de Lisboa, Av. da Republica (EAN), 2781-901 Oeiras,
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Complex | of respiratory chains is an energy transducing
enzyme present in most bacteria and in all mitochondria. It is
the least understood complex of the aerobic respiratory
chain, even though the crystallographic a-helical structures of
bacterial and mitochondrial complexes have been recently
determined [1-2]. This complex catalyses the oxidation of
NADH and the reduction of quinone, coupled to cation
translocation across the membrane.

Rhodothermus marinus complex |, our main model system, is
a NADH:menaquinone oxidoreductase and has been
extensively characterized. We have made an exhaustive
study in order to identify all the subunits present in the
complex [3]. The nature of the coupling charge of R. marinus
complex | was investigated using inside-out membrane
vesicles, which were active with respect to NADH oxidation
and capable of creating and maintain an NADH-driven
membrane potential (AW) positive inside. It was observed
that this bacterial complex | is able of H* and Na* transport,
although to opposite directions. The coupling ion of the
system was shown to be the H* being transported to the
periplasm, contributing in this way to the establishment of the
electrochemical potential difference, while Na* is translo-
cated to the cytoplasm [4]. The sodium ion extrusion from the
membrane vesicles was due to the activity of complex |,
since it was sensitive to its inhibitor rotenone, and it was still
observed when the complex | segment of the respiratory
chain was isolated by the simultaneous presence of cyanide
and external quinones. Additional studies have shown that
although neither the catalytic reaction nor the establishment
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of the ApH requires the presence of Na™, the presence of this
ion increased the proton transport. Combining all these
results, a model for the coupling mechanism of complex |
was proposed, suggesting the presence of two different
energy coupling sites, one that works only as a proton pump
(Na* independent), and the other functioning as a Na*/H*
antiporter (Na™ dependent) [4]. This model was reinforced by
further studies performed in the presence of the Nat/H*
antiporter inhibitor, 5-(N-ethyl-N-isopropyl)-amiloride (EIPA)
[5].

A deeper inside into the coupling mechanism of this enzyme
was provided by studying the influence of sodium ions on
energy transduction by complexes | from Escherichia coli
and Paracoccus denitrificans. It was observed that the Na™/
H™ antiporter activity is not exclusive of R. marinus complex
I, since the E. coli enzyme is also capable of such a trans-
port, but is not a general property given that the P
denitrificans enzyme does not performed sodium transloca-
tion [6]. Due to the fact that R. marinus and E. coli enzymes
reduce menaquinone while P. denitrificans complex | reduce
ubiquinone, it is suggested that the Na™/H™ antiporter activity
may be correlated with the type of quinone used as
substrate.

[1] Efremov, R.G., Baradaran, R. and Sazanov, L.A. (2010)
Nature 465(7297) 441-5.

[2] Hunte, C., Zickermann, V. and Brandt, U. (2010)
Science 329(5990) 448-51.

[3] Batista, A.P., et al., (2010) Anal. Biochem. 407(1)
104-10.

[4] Batista, A.P., et al., (2010) Biochim Biophys Acta,
1797(4) 509-15.

[5] Batista, A.P., Marreiros, B.C. and Pereira, M.M. (2011)
ACS Chem Biol DOI: 10.1021/cb100380y

[6] Batista, A.P. and Pereira, M.M. (2011) Biochim Biophys
Acta 1807(3) 286-92.
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Under anaerobic conditions some bacteria can use nitrate
instead of oxygen in a process called denitrification. During
denitrification, the reduction of NO to N,O is catalyzed by a
membrane-bound enzyme nitric oxide reductase (NOR). This
enzyme is an important step in the evolution of a respiratory
system: NOR belongs to the superfamily of O,-reducing
heme-copper oxidases and is assumed to be the evolutionary
ancestor of cytochrome c oxidase. The understanding of NOR
functioning was limited by the lack of structural information,
but recently the first structures (cNOR type from Ps. aerug.
and gNOR type from G. stearoth.) were solved [1-2].

We will present results of the first computational studies of
NOR (both cNOR and gNOR types) [2-3]. The studies
include: (i) large-scale all-atom MD simulations of proteins in
their natural environment (i.e. embedded in membrane and
solvent), which were performed to describe water dynamics
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inside the protein and to identify potential proton transfer
pathways, and (ii) free-energy calculations by the empirical
valence bond (EVB) method [4] for the explicit proton trans-
locations along the pathways established by MD. Among
important findings are new proton pathways, which were not
predicted from the X-ray structure and could be identified
only by means of computer simulations. Simulations also
reveal that, despite a high structural similarity between cNOR
and gNOR, these enzymes utilize strikingly different proton
uptake mechanisms. Our results provide insights into the
functional conversion between NO and O, reductases, and
into evolution proton transfer mechanisms and respiratory
enzymes in general.

[1] T. Hino et al, Science 330 (2010) 1666.

[2] Y. Matsumoto et al, submitted.

[3] A.V. Pisliakov et al, submitted.

[4] A.V. Pisliakov et al, PNAS 105 (2008) 7726.
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The genome of the bacterium Geobacter sulfurreducens (Gs)
encodes for 111 c-type cytochromes (1). Genetic studies
using cytochrome deficient Gs strains and proteomic studies
identified cytochromes that were produced under specific
growth conditions (2-4). A putative outer-membrane cyto-
chrome, OmcF, is crucial for Fe** and U®* reduction and also
for microbial electricity production (4). OmcF is a monoheme
c-type cytochrome with sequence similarity to soluble cyto-
chromes cg of photosynthetic algae and cyanobacteria (4).
The structure of oxidized OmcF was determined (5) being the
first example of a cytochrome cg-like structure from a non-
photosynthetic organism. The structural features of OmcF
hinted a different function compared to cytochromes cg from
photosynthetic organisms, being an excellent example of how
structurally related proteins are specifically design by Nature
to perform different physiological functions. In order to eluci-
date OmcF structural-functional mechanism, isotopic labeled
protein (*°N and '3C) was produced and its structure in the
reduced form determined by NMR. Single point-mutations at
key residues were produced by site-directed mutagenesis
and their impact on the structural and functional properties of
OmcF will be presented.

1. Methé, B.A. et al. (2003) Science 302, 1967.

2. Shelobolina, E.S. et al. (2007) BMC Microbiol. 7, 16.

3. Ding, Y. H,, et al. (2008) Biochim Biophys Acta 1784,
1935.

4. Kim, B.-C. et al. (2008) Bioelectrochemistry 73, 70.

5. Pokkuluri, P.R. et al. (2009) Proteins 74, 266.
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In the early 90s, the search for the source of nitrogen mon-
oxide (NO) production in mammals led to the discovery of
three major isoforms of NO-Synthases (NOS): the neuronal
NOS (nNOS), the inducible NOS (iNOS), and the endothelial
NOS (eNOS) ((1)). 20 years later, based on genomic analy-
sis, numerous NOS-like proteins have been identified in the
genome other organism and in particular of several bacteria
(Bacillus Anthrax, Staphylococcus aureus... (2)).

In spite of superimposable 3D structures and the ability to
catalyse NO production, all these enzymes are carrying dif-
ferent (if not opposite) physiological activities including
cGMP signalling, cytotoxic activities, anti-oxidant defence,
metabolism... Moreover, NOSs become increasingly asso-
ciated to oxidative-stress related pathologies ranging from
neurodegenerative disorders, cardiovascular and inflamma-
tory diseases, diabetes, cancers (3)....

This apparent paradox seems related to the belief that the
strong similarity of sequence and structure of NO-Synthases
must lead to a unique and identical functioning (NO pro-
duction) for all isoforms. This is blatant for bacterial NOS-like
proteins that are lacking the essential components required
for NO biosynthesis but remain considered as genuine NO
synthases. This approach might remain an obstacle to the
understanding of NOS actual biological role and could pre-
vent the design of efficient NOS-targeted therapeutic
strategies.

To elucidate this “NOS paradox” our group has initiated a
multidisciplinary approach that aims to relate the wide
diversity of NOS biological activities to variations in the cat-
alytic mechanism of NOSs, to modifications of their
regulation patterns and to adaptations to their physiological
environment. In this context we have been investigating the
mechanism of bacillus subtilis NOS-like proteins with a
special focus on the features that are specific to NOS
mechanism: j) electron and proton transfers and the role of
the substrate and the pterin cofactor ii) oxygen activation and
the role of the proximal ligand iij) the very molecular mech-
anism and the variations in the nature of reaction
intermediates.

For that matter we have been using a combination of radio-
lytical techniques (cryoreduction with ®°Co y-irradiation,

pulse-radiolysis with the ELYSE electron accelerator), state-
of-the-art spectroscopies (EPR, ATR-FTIR and resonance
Raman, and picoseconds UV-Visible absorption spectroso-
copies), organic synthesis (synthesized substrates and
cofactors analogues) biochemistry and molecular biology
(site-directed mutagenesis).

We will present our results on the coupling of electron and
proton transfers, on the tuning of the proximal “push effect”
and we will discuss the conditions that favour for each NOS
isoform NO production versus other reactive nitrogen and
oxygen species.

1. Alderton, W. K., Cooper, C. E., and Knowles, R. G.
(2001) The Biochemical journal 357(Pt 3), 593-615

2. Sudhamsu, J., and Crane, B. R. (2009) Trends in
microbiology 17(5), 212-218

3. Pacher, P, Beckman, J. S., and Liaudet, L. (2007)
Physiological reviews 87(1), 315-424

4. Stuehr, D. J., Santolini, J., Wang, Z. Q., Wei, C. C., and
Adak, S. (2004) The Journal of biological chemistry
279(35), 36167-36170
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Photosynthetic Iron Oxidation (PlO) is an ancient form of
photosynthesis with relevant consequences in the shaping of
the planet. This form of metabolism may have been involved
in the deposition of geological structures known as Banded
Iron Formations, which hold key information regarding the
co-evolution of photosynthesis and Earth. Rhodopseudo-
monas palustris TIE-1 and Rhodobacter ferroxidans SW2
both use ferrous iron as an electron donor to support pho-
tosynthetic growth (i.e. photoferrotrophy). The SW2 foxEYZ
operon can stimulate light-dependent iron oxidation by other
bacteria. It codes a two-heme cytochrome, a pyrroloquinoline
quinone protein and an inner membrane transporter,
respectively. In TIE-1 the pioABC operon is required for
photoferrotrophy. It codes for a ten-heme cytochrome, an
outer membrane beta-barrel and a high potential iron-sulfur
protein (HiPIP) respectively. Here we present functional and
structural characterization of proteins involved in PIO. This
molecular characterization is essential for understanding this
mode of bioenergetic metabolism, and may one day aid the
development of biotechnological applications like microbial
fuel cells and bioremediation.

@ Springer
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Alongside classical, cytochrome respiratory pathway, Phyc-
omyces blakesleeanus possess alternative, cyanide-
resistant respiration (CRR) facilitated by alternative oxidase
(AOX). In order to study role of oxygen in regulation of CRR,
the effects of cyanide on respiration of 24h old mycelia in
aerated (control), hypoxic and anoxic conditions were mea-
sured. Mycelium was incubated in these conditions for 1.5h,
3h and 5h. After 1.5h, AOX activity was increased only in
specimens incubated in anoxic conditions (13.6%). After 3h,
increase in AOX activity was significant in both hypoxic and
anoxic specimens (18.9% and 18.8%, respectively), with
even greater increase after 5h, 20.7% for hypoxic and 23.3%
for specimens in anoxic conditions. Mycelia treated for 5h
was then oxygenated for 10 minutes. This induced decrease
in AOX activity of 17% in anoxic and even 23.9% in hypoxic
mycelia. AOX is recognized as one of the mechanisms for
maintaining low levels of reduced ubiquione which can
function in conditions in which cytochrome chain is disabled,
such as anoxia. This is in concordance with results obtained
on P. blakesleeanus, where AOX levels rise in hypoxic and
anoxic conditions and decrease close to control level shortly
after introduction of oxygen into the system.
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E. coli encodes four hydrogenases (Hyd); only three of these,
Hyd-1, Hyd-2 and Hyd-3 have been well characterized. Hyd-2
has been shown recently to reversibly evolve hydrogen dur-
ing glycerol fermentation at pH 7.5 [1]. Proton reduction was
inhibited by N,N’dicyclohexylcarbodiimide suggesting a link
with the proton-translocating FoF1-ATPase. Indeed, at pH 7.5
in an E. coli mutant (DK8) lacking FoF, overall Hyd-activity
was reduced to approximately 50% of the wild type activity;
Hyd-2, but not Hyd-1, was detected in an in-gel activity assay.
FoF4 is therefore suggested to be required for Hyd-1 activity.
At pH 6.5 in glycerol medium Hyd-activity in DK8 was ~10%
of wild type activity and Hyd-1 and Hyd-2 exhibited only weak
activity. This indicated a significant FoF, contribution towards
Hyd-activity as pH decreased. Furthermore, at pH 5.5 Hyd-
activity was negligible and only a very weak activity band
corresponding to Hyd-2 could be observed. These results
suggest that FoF;-ATPase is essential for hydrogenase
activity during glycerol fermentation at pH 5.5. Taken together,
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the results suggest an interdependence between Hyd-1, Hyd-
2 and FoF1-ATPase activity.

[1] Trchounian K, Trchounian A. (2009) Int. J. Hydrogen
Energy, 34, 8839-8845.
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Characterization of a vacuolar cytochrome b561
by redox titration and spectrum analysis

Laszl6 Zimanyi and Alajos Bérczi

Metalloprotein Biophysics Laboratory, Institute

of Biophysics, Biological Research Centre

of the Hungarian Academy of Sciences,

Szeged, Hungary

Cytochromes b561 (Cyts-b561) of invertebrates, vertebrates
and plants are predicted to consist of six trans-membrane
helices, with four conserved histidines involved in the coor-
dination of two hemes. They are generally accepted to
catalyze ascorbate-driven frans-membrane electron trans-
port. One isoform from the tonoplast of plant cells (TCytb)
has been expressed in yeast and the characterization of the
recombinant TCytb has just been started2.

We have titrated the Q-band spectra of the wild type, H83A/
H156A, and H83L/H156L TCytb at room temperature with
different reducing agents. Earlier results have proven that
these mutants contained only one heme. The series of
spectra were analized by SVD. Fitting the V vectors by the
Nernst equation allowed us (1) to determine the difference
spectra characterizing each of the two hemes, and (2) to
show that the double mutant TCytb-s have only the low
potential heme, in good agreement with earlier results
obtained at low temperature and/or by different spectroscopy
techniques™?.

[1] Bérczi, A., Su, D., Asard, H. 2007. FEBS Lett. 581:1505-
1508.

[2] Desmet, F., Bérczi, A., Zimanyi, L., Asard, H. and Van
Doorslaer, S. 2011. FEBS Lett. 585:545-548.

Supported by the Hungary-Romania Cross Border Cooper-
ation Program of the EU, grant HURO/0901/219.
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hERG1 channels: from antitargets to novel therapeutic
targets in oncology.

Annarosa Arcangeli

Department of Experimental Pathology and Oncology,
University of Florence and Istituto Toscano Tumori (ITT),
Florence, Italy

lon channels and transporters control many facets of cancer
cell biology" and blocking the activity of these impairs tumor
cell growth in vitro and in vivo. This new paradigm has
opened new opportunities for pharmaceutical research in
oncology'2. We have contributed to this field showing that
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K,11.1 (hERG1) channels are aberrantly expressed in sev-
eral human cancers where they control different aspects of
the neoplastic cell biology such as proliferation and apopto-
sis, invasiveness and angiogenesis, the latter through the
regulation of VEGF secretion (reviewed in'). The hERG1-
dependent effects were shown in vitro and, more recently, in
vivo. In preclinical models of both leukemia® and colorectal
cancer®, hERG1 overexpression confers a higher malig-
nancy to neoplastic cells. Moreover, hERG1 blockers have
therapeutic potential, since preclinical tests showed that
treatment with specific hERG1 blockers overcame chemo-
resistance in acute leukemias* as well as reduced Gl cancer
growth, angiogenesis and metastatic spread®. The overall
message emerging from our data is that the hERG1 protein
represents a novel biomarker and drug target in oncology. Up
to now, hERG1 was considered an “antitarget” due to the
cardiac side effects that many (but not all) hERG1 blockers
produce and that result in lengthening the electrocardio-
graphic QT interval. We report here recent studies on known
and newly developed hERG1 blockers that exhibit no car-
diotoxicity and are more specific for the hERG1 channels
expressed in cancer cells.

1. Arcangeli et al., Curr Med Chem 16: 66-93 (2009);

2. WuIff et al.,, Nature Rev Drug Discovery 8: 982-1001
(2009);

3. Crociani et al., submitted; Arcangeli et al., 30" Anniver-
sary Conference AICR,7-9 April 2010, abstract;

4. Pillozzi et al., Blood, 117: 902-914, 2011.

This work was supported by the Italian Association for
Cancer Research (AIRC), the lIstituto Toscano Tumori and
the Associazione Noi per Voi, Firenze.
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Analysis of the K* current in human T cells

in hypercholesterinaemic state

Andras Balajthy, Zoltan Dénes Pethd, Zoltan Krasznai,
Sandor Somodi, Péter Hajdu

Department of Biophysics and Cell Biology, Debrecen
Medical and Health Science Centre, University of Debrecen,
98 Nagyerdei krt., Debrecen, Hungary, H-4012

We reported previously that the increase of the cholesterol
content of the cell membrane (in vitro) modified the bio-
physical parameters of the gating of Kvl.3 K* ion channels in
human T-lymphocytes. In our present study we aimed to
determine the effect of hypercholesterolemia on the bio-
physical parameters of Kv1.3gating and the proliferation of T
cells.

T-lymphocytes were isolated from the peripheral blood of
patients with cholesterol level considered normal (<5.2
mmol/l,control group) and patients with hypercholesterina-
emia (hc). Whole-cell K+ currents were measured in patch-
clamped T cells and the kinetic (activation and inactivation
kinetics) and equilibrium parameters (voltage-dependence
of steady-state activation) of Kv1.3 gating were determined.
Lymphocyte proliferation was measured using CFSE
staining with and without anti-CD3 and anti-CD28
stimulation.

Our results indicate that the biophysical parameters of Kv1.3
gating are similar in the control group and in the ’hc’ samples.
The CFSE-based assay showed that hypercholesterolemic T
cells had higher spontenaous activation rate compared to
control group. However, T cells from high cholesterol level
patients challenged by anti-CD3 and anti-CD28 exhibited
lower proliferation rate than control cells.

P-560

Endothelial cells involved in chronic thromboembolic
pulmonary hypertension have altered calcium
homeostasis

Z. Balint"*®, D. Zabini', W. Klepetko?®, I. Lang?,

H. Olschewski® and A. Olschewski'?

"University Clinic of Anaesthesia and Intensive Care
Medicine, Medical University of Graz, Graz, Austria, 2Ludwig
Boltzmann Institute for Lung vascular Research, Graz,
Austria, *Department of Heart and Thoracic Surgery,
University Clinic of Surgery, *Department of Internal
Medicine, Division of Cardiology, Medical University

of Vienna, Austria, °Department of Internal Medicine,
Division of Pulmonology, Medical University of Graz, Graz,
Austria, GStiftingtalstrasse 24, 8010 Graz, Austria

E-mail: zoltan.balint@lvr.lbg.ac.at

Chronic thromboembolic pulmonary hypertension (CTEPH)
is a rare and late possible consequence of venous throm-
boembolism. In this study, cellular properties of endothelial
cells isolated from surgical material of CTEPH patients
(CTEPH-hECs) were compared with control human pul-
monary artery endothelial cells (hPAEC).

The purified endothelial cells from CTEPH surgical tissue
and the control hPAECs were cultured under standard con-
ditions. CTEPH-hECs and hPAECs were stained for von
Willebrand factor and vascular-endothelial cadherin. To
address the intracellular calcium changes, Fura-2/am loaded
cells were challenged with 10uM histamine, intracellular
calcium stores were depleted with 15pM BHQ and the acti-
vation of transient receptor potential canonical channels
(TRPCs) were followed.

CTEPH-hECs and hPAECs both express similar pattern of
von Willebrand factor and vascular-endothelial cadherin.
CTEPH-hEC show no significant differences in basal calcium
level (140,89+51,40 mM Ca®* for CTEPH-hEC, n=221;
128,61+49,16 for hPAEC, n=245) as well as in the hista-
mine-induced calcium peak (278,78+21,97 for CTEPH-hEC,
n=110; 242,40+7,65 for hPAEC, n=133) in comparison to
control hPAECs. Interestingly, the challenge with BHQ leads
to a significant increase in calcium store depletion signal
(505,27+37,51 for CTEPH-hEC, n=111; 200,67+25,77 for
hPAEC, n=112). By adding back the calcium to the cells a
significant difference in the calcium influx occurs
(652,39+46,88 for CTEPH-hEC, n=111; 322,84+19,33 for
hPAEC, n=112).

The isolated and purified endothelial cells from surgical
material of CTEPH patients present the characteristic endo-
thelial phenotype, but they show altered calcium
homeostasis at the stored calcium and store operated cal-
cium influx level.

@ Springer
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Identification of an intramolecular disulphide bond

in the Na-channel p1-subunit

R. Barbieri, D. Baroni, O. Moran

CNR, Institute of Biophysics, Via De Marini 6, 16149 Genoa,
Italy

Generalized epilepsy with febrile seizures plus (GEFS+,
OMIM 604233) is a childhood genetic epilepsy syndrome
correlated to mutations in the ancillary p-subunit of neuro-
nal voltage-gated sodium channels (NaChs). 1-subunit is
non-covalently associated with NaCh «- subunits, serving
as modulator of channel activity, regulator of channel cell
surface expression and as cell adhesion molecule. The first
and best characterized GEFS+ mutation is the C121W.
This mutation changed a conserved cysteine residue into a
tryptophan, disrupting a putative disulphide bridge that
should normally maintain an extracellular immunoglobulin-
like fold.

In this study, we investigated the presence of this putative
disulphide bond using 2-D-diagonal-SDS-PAGE, where the
proteins were separated in the first dimension in absence of
a reduction agent and in presence of it in the second
dimension. This method allows to visualize the protein above
the diagonal experimentally confirming that the disulphide
bond is intramolecular. The protein spot was in-gel digested
and identified by MS/MS. This data support the hypothesis of
a loss of the S-S bond causing a molecular defect on GEFS+
p1-mutation.

Supported by Fondazione Carige, Italy.
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Calcium channels of vascular remodelling

David J Beech

Institute of Membrane & Systems Biology, Faculty

of Biological Sciences, University of Leeds, Leeds, LS2 9JT,
UK

Vascular remodelling in physiology and disease is substan-
tially due to vascular smooth muscle cells and endothelial
cells that switch to phenotypes characterised by proliferation,
migration, secretion, invasion etc. We have sought to
understand ion channels in this context, particularly in human
diseased tissue. Data are consistent with roles of the
potassium channels KCa3.1 and Kv1.3. Most of our recent
work has, however, focused on calcium-permeable channels
that are chemically activated. The data suggest that the
TRPC1 channel subunit has an important role and is up-
regulated in remodelling. We showed, for example, that
TRPC1, operating with TRPC5, is stimulated by oxidized
phospholipids (AL-Shawaf et al 2010, ATVB 30, 1453-).
Intriguingly TRPC1 inhibits the function of other TRPC
channels and so it is unclear how it acts to drive calcium
entry. Other types of calcium channel also contribute: Data
suggest roles for Orai1 and STIM1 as subunits/regulators of
CRAC channels. Growth factor (PDGF and VEGF) signalling
shows striking dependence on such channels, conferring
functional significance for cell migration and angiogenesis (Li
et al 2011, Circ Res published on-line). These and other
recent findings will be discussed. Financial support is pro-
vided by Wellcome Trust, BHF, MRC.
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LQTS acquired by pentavalent antimony treatment

in guinea pigs

A.C.A. Carvalho, L.F. Rodrigues-Junior, P.C. Arantes,

M. Marocolo, C.C. Lores, J.H.M. Nascimento,

Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Pentavalent antimony (PA) is the mainstream agent of choice
for Leishmaniasis treatment. In therapeutic doses the PA
treatment has cardiac side effects that include QT interval pro-
longation, torsade de pointes arrhythmias and sudden death.
The objective of this study was to investigate arrythmogenic
properties of PA in treated guinea-pig, analyzing ECG param-
eters, ventricular action potential and I, lxs ionic currents. The
guinea-pigs received daily 20mg/kg PA or not for 15 days. PA
group had an increased QRS complex (control=10 + 3 and
PA=20+6, p<0,01), QTc interval duration (control=270+5 and
PA=305+5, p<0,01) and QT dispersion (control=29+6 and
PA=54+5, p<0,05) on ECG. The AP analysis demonstrated
triangulation (control=41+9 and PA=83+15, P<0,01) and pro-
longation at 30% (control=55+1 and PA=85+3, p<0,05) and
90% (control=100+3 and PA=168+5) AP with PA treatment.
Also, the AP treatment reduced markedly IKr density (con-
trol=2,1+0,7 and PA=0,6+0,2, p<0,01) and do not alter IKs
density (control=5,5+1,5 and PA=5,9+1,4, p<0,01). The PA
treatment was lethal in 30% of the animals. Our results sug-
gested that PA is a proarrhythmic drug that upon chronic use
may improve the mortality and cause repolarization distur-
bances that characterized acquired long QT syndrome.

0-565

Voltage-gated ion channel dysfunction precedes
cardiomyopathy development ion the dystrophic heart
X. Koenig", S. Dysek?, S. Kimbacher'2, M. Kovar",

A.K. Mike', R. Cervenka', P. Lukacs', B.D. Xuan', K. Nag!",
H. Todt', R.E. Bittner” and K. Hilber’

Center for Physiology and Pharmacology, Medical
University of Vienna, Vienna, Austria, ’Center for Anatomy
and Cell Biology, Medical University of Vienna, Vienna, Austria

Duchenne muscular dystrophy (DMD) is associated with severe
cardiac complications. Recent research suggests that impaired
voltage-gated ion channels in dystrophic cardiomyocytes
accompany cardiac pathology. It is, however, unknown if ion
channel defects are primary effects of dystrophic gene mutations,
or secondary effects of the developing cardiomyopathy. Here, we
studied Na and Ca channel impairments in dystrophic neonatal
cardiomyocytes, derived from DMD mouse models, prior to car-
diomyopathy development. Dystrophin-deficiency reduced Na
current density. In addition, extra utrophin-deficiency altered Na
channel gating. Moreover, also Ca channel inactivation was
reduced, suggesting that ion channel abnormalities are universal
primary effects of dystrophic gene mutations. To assess devel-
opmental changes, we also studied Na channel impairments in
dystrophic adult cardiomyocytes, and found a stronger Na
current reduction than in neonatal ones. The described Na
channel impairments slowed the action potential upstroke in
adult cardiomyocytes, and only in dystrophic adult mice, the
QRS interval of the ECG was prolonged. lon channel impair-
ments precede pathology development in the dystrophic heart,
and may be considered cardiomyopathy triggers. Supported by
Austrian FWF (P19352).
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Exercise does not prevent cardiac autonomic
dysfunction in rats treated with anabolic steroids
Moacir Marocolo’-?, Ana Carolina Carvalho', Paulo César
Arantes”, Cassia Loares", Luiz Fernando Rodrigues®, Silvio
Marques Neto', José Hamilton Matheus Nascimento’
Federal University of Rio de Janeiro/UFRJ - Carlos Chagas
Filho Biophysics Institute/IBCCF, Rio de Janeiro, Brazil,
2Federal University of Triangulo Mineiro/lUFTM — Sport
Sciences Department, Uberaba, Brazil

Keywords: Anabolic androgenic steroids, regular exercise,
heart rate variability, cardiac autonomic dysfunction

The aim of this study was to evaluate the changes in HRV
induced by administration of nandrolone decanoate (ND),
with or without exercise during 8 weeks(W). 40 male rats
were divided into four groups: sedentary (DS) and trained
(DT) treated with ND; sedentary (CS) and trained (DT)
treated with vehicle. Exercised were carried 5 days/W. ECG
was recorded at 0, 4" and 8"W. Time- and frequency-
domain analysis of heart rate variability was performed.
SDNN and RMSSD were reduced in DT (7.81+2.85ms) and
DS (6.21+1.13ms) compared to CS (9.6+2.6ms) after 4™
and 8w (DT:7.02+£3.17 ms, DS:4.6+1.12 ms vs
CS:8.4+1.1 ms); pNN5 was reduced only after 8"W
(DT:23.3+5.7ms, DS:14.3+£6.3ms vs CS:33.2+8.5ms). CT
showed increase in RMSSD and pNN5% after 8W, com-
pared to CS (RMSSD=10.47+2.36ms vs 8.38+1.1ms;
pNN5%=43.2+9 vs 33.24+8.5). High frequency(HF) of DS
and DT was reduced compared to CS after 4" (6.65+6ms?,
4.9+1.7ms? vs 12.842.63ms?) and 8" (5.34+3.39ms?,
4.16+0.93ms? vs 11.54 + 1.6ms?) while LF/HF ratio increased
after 4™ (2.14+1.3, 1.954+0.83 vs 0.9+0.2) and 8™ (2.08+1.0,
2.54+0.44, 0.85+0.14). CT had a rise in HF compared to CS on
8MW (14.75+2.44ms? vs 11.5+1.6ms?). A Supraphysiological
dose of ND induces cardiac autonomic dysfunction and regular
exercise does not prevent this effects.

P-567

Mg?*-inhibitable TRPM7-like cation current in human
atrial myocytes

|. Martisiene, V. Gendviliene, D. Zablockaite,

R. Macianskiene

Lithuanian University of Health Sciences,

Kaunas, Lithuania

The aim of our work was to identify the presence of TRPM7-
like current in human atrial myocytes, and to investigate the
potential role of these channels in the electrical activity of
atrial cells during atrial fibrillation (AF). Myocytes were iso-
lated from right atria biopsies from 72 adult patients in sinus
rhythm (SR) and 49 patients in AF. We demonstrate that in
both patient groups under voltage clamp, with voltage-
dependent and other ion channels inhibited, cells dialyzed
with low intracellular free [Mg?*], produced outward-rectifying
TRPM7 currents that could be suppressed by raising extra-
cellular [Mg?*], or by application of Gd** and 2-APB (at 100
pM), known to block TRP channels. The current was absent
in cells dialyzed with physiological free [Mg?*]; or MgATP, but
that did not protected from the spontaneous run-up in diva-
lent free external solutions. In addition, we established that

the density of activated TRPM7-like current in cells from
patients with AF was higher as compare with those with SR
(5.30+0.39 and 3.62+0.23 pA/pF, respectively, at +80mV,
p<0.001). In conclusion: this is the first study, which
describes TRPM7-like current in native human atrial cardio-
myocytes that operates under pathophysiological conditions.
Acknowledgements

Supported by RCL Nr.MIP-78/2010.

0-568

Clustering of voltage-gated sodium channel Na,1.8

in lipid rafts is essential for action potential propagation
in nociceptive unmyelinated axons

Kenji Okuse, Amber Finn, Alessandro Pristera

Division of Cell & Molecular Biology, Faculty of Natural
Sciences, Imperial College London, London, UK

It has been over 15 years since sensory neuron-specific
sodium channel Nay, 1.8 was identified. Since then Nay1.8 has
been shown to play a crucial role in pain pathways, and it
became a prominent drug target for novel pain killers. In con-
trast to myelinated neurons, mechanisms that target voltage-
gated sodium channels to the unmyelinated C-fibre axons are
largely unknown. We investigated the localisation of Nay,1.8 in
unmyelinated primary sensory neurons. Nay1.8 was found to
be clustered in lipid rafts on unmyelinated axons. When the
lipid rafts are disrupted, remarkable reduction in both the
conduction velocity and the number of cells responsive to
mechanical stimuli to the unmyelinated axons were seen.
Using a compartment culture system, we also found that dis-
ruption of rafts in the middle region of the sensory axons
caused a significant reduction in the responsiveness of the
neurons to chemical stimuli to nerve endings. This is due to the
failure of action potential propagation through the axons.
These data suggest that clustering of Nay1.8 in lipid rafts of
unmyelinated fibres is a key factor for the functional properties
of the channel, which may due to a change in the voltage
threshold. Disruption of the Nay/1.8 cluster and modifying lipid
rafts in primary sensory neurons may be a useful new
approach to control the excitability of nociceptive neurons.

P-569

Effect of ion channel blockers on T-lymphocytes
stimulated with anti-CD3 and anti-CD28

Zoltén Dénes Pethd, Andras Balajthy, Zoltan Krasznai,
Zoltan Varga, Gyorgy Panyi

Department of Biophysics and Cell Biology, Medical

and Health Science Center, University of Debrecen, Hungary

lon currents in are crucially important for activation of
T-lymphocytes. Our aim was to investigate how the blockage
of various ion channels in isolation or in combination affects
mitogen-dependent activation and proliferation of T-cells.

We activated human peripheral blood lymphocytes using
monoclonal antibodies against the TCR-CD3 complex and
CD28. We applied specific channel blockers inhibiting the
major ion channels of the T-cell: either the Kv1.3 (TEA or
Anuroctoxin), IKCa1 (TRAM-34), or the CRAC channel (2-
APB) alone or in combination. Five days after the stimulus we
measured the change in cell size and cellular granulation with

@ Springer
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flow cytometry along with the proportion of dividing cells, using
CFSE (carboxyfluorescein succinimidyl ester) dilution assay.
Our measurements indicated that the ion channel blockers
suppressed the proportion of dividing cells in a dose-
dependent manner. Increasing the strength of the stimulation
reduced the potency of the blockers to inhibit cell proliferation
and eventually the blockers were ineffective in decreasing
lymphocyte proliferation. We experienced the greatest
amount of inhibition using the combination of the blockers,
which indicates synergy in the regulation pathway of the
various ion channels.

P-571

Quantitative NaPi2b transporter expression in different
histomorphological types of ovarian cancer

M.A. Shyian™ 2, V.S. Gryshkova', O.I. Kostianets® 2,

V.V. Filonenko', R.G. Kiyamova'

TInstitute of Molecular Biology and Genetics, NAS of Ukraine,
Kyiv, 03680, Ukraine, ?Taras Shevchenko National University
of Kyiv, Kyiv, 01601, Ukraine

E-mail: m.a.shyyan@gmail.com

Recently, sodium dependent phosphate transporter NaPi2b
was revealed as potential marker for breast, thyroid and
ovarian cancer. In vivo, NaPi2b is involved in maintenance of
phosphate homeostasis and mutations or aberrant expres-
sions of its gene (SLC34A2) are associated with several
diseases including cancer. However, data about NaPi2b
mRNA expression in different types of cancer and corre-
spondent normal tissues are controversial and restricted.
We investigated SLC34A2 gene expression level in normal
ovarian tissues and different histomorphological types of
ovarian tumors using real-time PCR analysis. It was found
that SLC34A2 gene was highly expressed in well-differenti-
ated endometrioid and papillary serous tumors, but was not
expressed in low-differentiated tumors, benign tumors and in
most normal tissues. mMRNA expression of SLC34A2 in se-
rouse and endometrioid ovarian tumors accurately correlated
with protein expression that was detected in these tumor
samples by Western blot analysis and immunohistochemistry
in our previous investigation.

Upregulation of SLC34A2 gene expression in well-differen-
tiated tumors may reflect cell differentiation processes during
ovarian cancerogenesis and could serve as potential marker
for ovarian cancer diagnosis and prognosis.
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Membrane-permeant inhibitors of the potassium channel
Kv1.3 induce apoptosis in cancer cell lines

Luigi Leanza’, Brian Henry®, Nicola Sassi2, Mario Zoratti,
Erich Gulbins® and lidikd Szabd'

"Department of Biology, Department of Biomedical
Sciences, CNR Institute of Neurosciences, University

of Padova, 3Department of Molecular Biology University

of Duisburg-Essen, Germany

Potassium channels are emerging therapeutic targets in
cancer. Kv1.3 has been shown to play an important regula-
tory role during proliferation and apoptosis. In lymphocytes
and other cells Kv1.3 is present in both the plasmamembrane
and the inner mitochondrial membrane (mitoKv1.3). Inhibition

@ Springer

of mitoKv1.3 by pro-apoptotic Bax results in production of
reactive oxygen species and leads to cytochrome c release
and death. Three distinct membrane-permeant inhibitors of
Kv1.3 induce apoptosis in different cancer cell lines
expressing mitoKv1.3, while membrane-impermeant inhibi-
tors do not induce cell death, suggesting that apoptosis
involves inhibition of mitochondrial and not of plasma mem-
brane Kv1.3. The effect of these drugs is abolished when
Kv1.3 is absent or its expression is reduced by siRNA,
demonstrating Kv1.3-specificity of the inhibitors. Most
importantly, the drugs are able to induce death in two cell
lines lacking Bax and Bak. Our work thus identifies a novel
pharmacological tool to induce apoptosis in mitoKv1.3-
expressing cells and in vivo experiments are under way to
test sensibility of tumors to these drugs.
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Protein Dynamical Transition and Resolution Effects

on Mean Square Displacement in Lysozyme Systems

A. Benedetto, S. Magazu, F. Migliardo

Department of Physics, University of Messina, Viale
D’Alcontres 31, P.O. Box 55, 98166 Messina University, Italy

In the present contribution a procedure for molecular motion
characterization based on the evaluation of the Mean Square
Displacement (MSD), through the Self-Distribution Function
(SDF), is presented. It is shown how MSD, which represents
an important observable for the characterization of dynamical
properties, can be decomposed into different partial contri-
butions associated to system dynamical processes within a
specific spatial scale. It is shown how the SDF procedure
allows us to evaluate both total MSD and partial MSDs
through total and partial SDFs. As a result, total MSD is the
weighed sum of partial MSDs in which the weights are
obtained by the fitting procedure of measured Elastic Inco-
herent Neutron Scattering (EINS) intensity. We apply SDF
procedure to data collected, by IN13, IN10 and IN4 spec-
trometers (Institute Laue Langevin), on aqueous mixtures of
two homologous disaccharides (sucrose and trehalose) and
on dry and hydrated (H,O and D,0) lysozyme with and
without disaccharides. The nature of the dynamical transition
is highlighted and it is shown that it occurs when the system
relaxation time becomes shorter than the instrumental energy
time. Finally, the bioprotectants effect on protein dynamics
and the amplitude of vibrations in lysozyme are presented.

P-575

DNA damage in breast cancer cells treated

with combination of quercetin and anticancer drugs
Joanna Bernasinska, Anna Pieniazek, Karolina Matczak,
Aneta Koceva-Chyla

Department of Thermobiology, Institute of Biophysics,
University of Lodz, Lodz, Poland

Quercetin (Q) is a natural flavonol present at high levels in
numerous of plants. It has been epidemiologically associated
with bioactive protective effects, but has also been shown to
be mutagenic and toxic in in vitro cell systems.
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We evaluated Q for genotoxicity in MCF-7 breast cancer cells
in the presence or absence of doxorubicin (DOX), docetaxel
(DTX) and paclitaxel (PTX), anticancer drugs commonly
used in chemotherapy of different solid tumors. Damage to
DNA was determinated by comet assay. The cells, after
treatment with investigated compounds, were washed up
and cultured in fresh medium for 0, 24, 48, 72 and 96 hours.
We have found that Q by itself caused significant DNA
damage. Moreover flavonol enhanced genotoxic effect of
anticancer drugs. The highest amount of DNA in the comet
tail was observed 48 h after treatment with combination of Q
with DOX. Similar changes were found in cells incubated with
combination of Q with taxanes — PTX or DTX. However,
damage to DNA in this case was considerably lower than
damage caused by combination of Q with DTX.

Our results confirmed anticancer and genotoxic activity of
quercetin, which makes it a promising candidate for a
potential use as a modulator of cytotoxicity and anticancer
activity of anthracycline and taxane chemotherapeutics.
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Non-ionizing electromagnetic-own-signal-treatment
Bokkon Istvan’, Till Attila®, Erdéfi-Szabé Attila®

"Doctoral School of Pharmaceutical and Pharmacological
Sciences, Semmelweis University, Budapest, Hungary,
?National Institute for Medical Rehabilitation, Budapest,
Hungary, 3Director of BiolLabor, Budapest, Hungary

E-mail: bokkoni@yahoo.com

Although the health effects of low-frequency and intensity
electromagnetic fields (LFI-EMFs) are controversial,
increasing evidence suggests that LFI-EMFs are capable for
initiating various healing processes. Many (bio)physical
ideas were suggested to explain the influence of LFI-EMFs in
living systems but the main effect of LFI-EMFs on cell func-
tions remains vague. However, some effects of LFI-EMFs
may be explained by redox and membrane processes. Dur-
ing diseases, cells not only demonstrate altered biochemical
processes but also produce altered non-linear bioelectro-
magnetic complex patterns. Thus, it is reasonable to use
non-linear bioelectric and bioelectromagnetic signals from
cells of the body for potential therapeutic applications that
may be more effective than the artificial LFI-EMFs signals.
Our novel EMOST (Electromagnetic-Own-Signal-Treatment)
method is based on the utilization of the non-linear, bio-
electric and bioelectromagnetic signals of the patients
without any electromagnetic wave modulation and inversion
of recorded output signals of subjects. Here, we report our
some restorative results after EMOST application. We also
suggest that the possible effects of the EMOST may be
achieved via redox-related processes.

P-577

Macroscopic properties of phospholipid vesicles
with domains in phase-separated membranes
Bojan Bozi¢ and Janja Majhenc

Institute of Biophysics, Faculty of Medicine, University
of Ljubljana, Ljubljana, Slovenia

Ternary mixtures of a high-melting lipid, a low-melting lipid, and
cholesterol are known to form domains of a liquid-ordered and

a liquid-disordered phase in bilayer membranes. Giant vesi-
cles, prepared from a sphingomyelin/dioleoylphosphocholine/
cholesterol mixture, are examined using fluorescence micros-
copy. NBD-labeled lipid and BODIPY-labeled cholesterol are
used to identify the phase domains of the membrane. A vesicle
with only two domains is chosen because of its simple geom-
etry, for convenient comparison of the experimental results with
the theoretical predictions. The volume of the vesicles is
gradually decreased and/or increased by changing the osmo-
larity. The relevant energy terms of the membrane mechanics
are the bending energy and the Gaussian bending energy, and
the energy of the domain boundary. The energy of the domain
boundary is proportional to its length. At the boundary between
the domains a contact angle is taken into consideration. In
order to obtain the values of the lateral tension and the contact
angle, the areas of the domains and the characteristic
dimensions of the shape are determined for different volumes.
The best fits were obtained for a line tension of 6 - 3 pN and a
contact angle of 1.4 + 0.3 rad.

P-579

Fractal avalanche ruptures in biological membranes
Irep Gézen', Paul Dommersnes'?, llja Czolkos', Tatsiana
Lobovkina™’, Aldo Jesorka' and Owe Orwar"

"Chalmers University of Technology, Géteborg, Sweden,
2Matieres et Systemes Complexes,Université Paris Diderot,
Paris, France, Present address: Stanford University,

Stanford, USA

Previously, membrane rupture dynamics has been studied in
bilayer vesicles under tensile stress, which consistently pro-
duces circular pores. We observed very different rupture
mechanics in bilayer membranes spreading on solid supports:
the ruptures proceeded in a series of rapid avalanches causing
fractal membrane fragmentation. The intermittent character of
rupture evolution and the broad distribution in avalanche sizes
is consistent with crackling-noise dynamics. Such noisy
dynamics appear in fracture of solid disordered materials, in
dislocation avalanches, in plastic deformations, and domain
wall magnetization avalanches. We also observed similar
fractal rupture mechanics in spreading cell membranes.

0-580

Background K* channel gating and cell excitability
Florian Lesage, Guillaume Sandoz, Sylvain Feliciangeli,
Delphine Bichet, Maud Larroque and Franck Chatelain
Institut de Pharmacologie Moléculaire et Cellulaire, CNRS -
Université de Nice Sophia Antipolis, 06560 Sophia Antipolis,
France

Background or leak potassium conductances are a major
determinant of resting potential and input resistance, two key
components of cell excitability. These currents are not pas-
sive but finely tuned and adapted to cell specific functions.
Kop channels producing these currents are tightly regulated
by a variety of chemical and physical stimuli including tem-
perature, membrane stretch, free fatty acids, pH, Ca®*,
neurotransmitters and hormones as well as protein partners.
These different stimuli converge on gating mechanisms that
show remarkable conservation between intracellular K2P
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channels (TWIK1 channels) and K2P channels located at the
plasma membrane (TREK1/2 channels).

P-581

Living at the edge: volume 2 the conduction system

of interfacial forces into the alveolar type Il cell

N. Hobi" A. Ravasio'and T. Haller'

"Dept. of Physiology and Medical Physics, Division

of Physiology, 2 Dept. of Internal Medicine |, *Dept.

of Physiology and Medical Physics, Division of Biomedical
Physics, Innsbruck Medical University, A—6020 Innsbruck,
Austria

Many epithelia have contact with air-liquid interfaces (A)).
This applies particularly to the lung, where the surfactant
secreting alveolar type Il cells (AT Il) even project into the air.
In previous investigations, using new microscopic approa-
ches, we found that the presence of an A, leads to a
paradoxical situation: it is a potential threat that may cause
cell injury, but also a important stimulus: AT Il cells respond
promptly, and show sustained Ca®signals that activate
exocytosis. Exocytosed surfactant, in turn, clearly prolonged
the time to irreversible cell damage, and may be an adaptive
and evolutionary defense mechanism against the harmful
nature of surface forces. Recently we published that AT I
cells are sensing the A, but how this stimulus is conducted
and converted into the cell, is still obscure.

Currently we are searching for potential calcium sources and
it seems that the cells signal Ca®* by extracellular Ca®* entry
probably through mechanosensitive channels. Special-
designed gene chips allowed a whole genome profiling of A,
exposed single cells. These cells react with rapid changes on
the transcriptional level: cellular pathways that are involved
include e.g. defense response and lipid metabolism, and we
identified genes associated with several lung diseases and
injuries. We summarize, interface forces are strong, they are
acting on the cells and triggering cellular events that are
closely related with classical concepts in mechanotransduc-
tion, it is very plausible that those forces play a crucial role in
the lung surfactant homeostasis.

Abbreviations:
Alveolar type Il cell AT Il cell
Air-liquid-interface A,

0-582

Get a grip: engineering ultra-stable interactions

to proteins for biophysics and medicine

Mark Howarth, Bijan Zakeri, Claire Chivers, Lotta Holm,
Estelle Crozat, David Sherratt

Department of Biochemistry, University of Oxford, South
Parks Road, Oxford, OX1 3QU, UK

Achieving strong and specific binding to proteins is important
for many areas of biophysics and also for new therapeutics.
The mammalian immune system usually addresses this
challenge within a few weeks, but the antibodies raised have
modest affinity. We have designed stronger interactions,
through chemical and bioengineering approaches. For bind-
ing endogenous proteins, we have generated electrophilic
affibodies, for proximity-induced covalent binding. For binding
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peptide tags, we have designed genetically-encoded pep-
tides based on the human pathogen Streptococcus pyogenes
that spontaneously form amide bonds to their protein partner.
For binding to small-molecule ligands, we have modified the
streptavidin-biotin interaction to achieve even stronger biotin
binding and mechanical strength. These technologies have
been applied to mammalian cell imaging, immunoassays, and
for testing the translocation mechanism of motor proteins in a
“molecular car-crash”.

P-583

DSC Characterization of protein aqueous solutions

P. Kamasa', M. Bokor', A. Gelencsér?, P. Tompa?,

K. Tompa®

"Research Institute for Solid State Physics and Optics,
Hungarian Academy of Sciences, pob. 49, 15625
Budapest,Hungary, 2Institute of Enzymology, Biological
Research Center, Hungarian Academy of Sciences, POB. 7,

1518 Budapest, Hungary

Calorimetric method and instrumentation were worked out
and applied for investigation aqueous solutions of proteins.
Thermal effects were analyzed by own construction heat-flux-
type DSC cell designed for temperature range from the boiling
point of water down to 120 K. The achieved sensitivity of heat
flow rate (HF) of the instrument is better than 50=W tested
using 1 pl of 150 mM aqueous solution of NaCl. From the
integral value of HF - the total enthalpy change AHua, the
enthalpies of transitions were separated from the heat
capacities. Using the method, several types of proteins (BSA,
ERD10, UBQ, «-, f-casein, and WT, A53T, o-synuclein
mutants) were investigated in that temperature range. The
results are shown in detail as an illustrative example. Poten-
tial applications are outlined, which include (i) the distinction
between the solvent accessible surfaces of globular and
intrinsically disordered proteins, (ii) the distinction between
protein mutants, and (jii) the identification of monomer and
polymer protein states. This method provides a possibility to
study the polymerization process (amyloid formation) and to
investigate in-situ the reason and circumstances of that.

P-584

Finite element approach to understand self gravitational
bio in embryological compact mass

Rajan Kashyap', Sagarika Bhattacharjee?

and |.R.Bhattacharjee”

"Politecnico Di Torino, Italy, %International Hospital, Lotus
Tower, G.S.Road, Guwahati-781005, India, °Institute

for Intrinsic Gravitation Biology (i3GB) 84, GMCH Road,
Anandanagar, Dispur, Guwahati-781005, India

E-mail: rajankashyap6@gmail.com

Morphometry due to self gravity in living organism is an
integral part in understanding Self Gravitation Bio. Compu-
tational studies of biological system, especially in ab-initio
embryo as self gravitating mass, floating over amniotic fluid,
as if maintaining anti — gravitation (extrinsic) mechanism,
would be an interesting one to explore biomechanics of
intrinsic gravity. Since the work would be of exploratory nat-
ure, both from the point of view of identifying appropriate
stage of development of embryological morulla and available
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computational logics, it was contemplated to initiate functional
study with a few reported ultrasound evidential works on small
animals like mice, grasshopper including compact human
embryo as mathematical structure that may allow the formal
definition of concepts such as convergence, mapping and
continuity. As many of the finite-dimensional function analysis
in topological vector spaces are available, we initiated our
simulation and studies on concentrating locally compact
banach spaces. On following differential equation in 3-D with
requisite divergence, biparietal diameter and mentovertical
diameter are parametrical values used to computationally
simulate and model a final compact cranial topological mass.

P-586

Synthetic small molecules with cardiomyogenic effects
on stem and progenitor cells

A.K. Mike', X. Koenig", S. Kimbacher', H. Todt', M. Koley?,
M. Schniirch?, M.D. Mihovilovic?, G. Weitzer® and K. Hilber’
"Center for Physiology and Pharmacology, Medical
University of Vienna, Vienna, Austria, 2Institute of Applied
Synthetic Chemistry, Vienna University of Technology,
Vienna, Austria, *Max F Perutz Laboratories, Medical
University of Vienna, Vienna, Austria

Cell transplantation into the injured heart is a new therapy
after myocardial infarction. Its success, however, is impeded
by the limited capacity of donor cells to differentiate into
functional cardiomyocytes in the heart. A strategy to over-
come this problem would be the induction of cardiomyogenic
function in cells prior to transplantation. Recently, synthetic
small molecules (SySMs) were identified, which exhibit a
remarkable capacity to trans-differentiate cells into other cell
types. The aim of this study was to characterize SySMs with
cardiomyogenic activity. Treatment of P19 embryonic carci-
noma cells and C2C12 skeletal myoblasts with Cardiogenol-
C (CgC) or MK142 significantly up-regulated cardiac marker
expression. Thereby, CgC was especially active on lineage-
committed C2C12, whereas MK142 on uncommitted P19
cells. Supporting this difference in target cell specificity, in
studies on embryoid and cardiac body development from
various cell types, CgC produced more beating cardiomyo-
cytes from committed A5 cardiovascular progenitor cells,
while MK142 more from uncommitted W4 mouse embryonic
stem cells. We conclude that MK142 promotes mesodermal
differentiation of stem cells, whereas CgC drives cardiomy-
ocyte maturation of already induced mesoderm. Supported
by AWS (Z090391).
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Elements and relations of a Life Theory (LT)
Stephan Opielok

Free University Berlin, Berlin, Germany

| propose a general theory about the genesis and nature of
life(optimum). It seems to be based as a rule on interaction
between symmetry and asymmetry (~ stability and flexibility)
for equilibration. In that kind of multidisciplinary research
these concept generalized and deepens previous trials to
explain the question what is life.

Finally the data of this exploration show that nature of life is
predictable by suitable methods for measurement like e.g.
spectroscopy and probability.

As a result, the way of life goes the optimal friction by
essential level of efficiency energy use.

0-589

Towards attosecond biophysics: what can ELI-ALPS
offer?

Gabor Szabé

Department of Optics & Quantum Electronics, University
of Szeged, Szeged, Hungary

The Hungarian pillar of the ELI (Extreme Light Infrastruc-
ture) project, ELI-ALPS (Attosecond Light Pulse Source),
is designed to open new vistas in attosecond science. It
will be a high power, high repetition rate XUV/x-ray pro-
viding coherent pulses with attosecond and few-
femtosecond time-structure allowing for practically all kinds
of pump-probe experiments providing unprecedented
access to the ultrafast electronic dynamics that constitutes
the primary response of atomic and molecular systems to
incident light. Especially important in understanding bio-
molecules is the combination of attosecond and few
femtosecond pulses that will make possible the direct
investigation of electron dynamics. Another key feature of
ELI-ALPS that may find significant biological applications
is its potential for sub-atomic 4D imaging. From a technical
point of view it is important to emphasize that the high
photon flux combined with extremely high (up to 100 kHz)
repetition rate makes ELI-ALPS very user friendly in
experiments where complex samples, such as biological
material, are being studied.

0-590

Hydrodynamic synchronisation of light driven
microscopic rotors

Pal Ormos, Andras Buzas, Lorand Kelemen, Laszlé Oroszi,
Gaszton Vizsnyicai, Roberto di Leonardo

Biological Research Centre Szeged, Institute of Biophysics,
Szeged, Hungary

Moving organelles of microscopic biological systems often
tend to synchronize. It has been proposed that the origin of
the synchronization is hydrodynamic interactions. However,
there has been yet no direct experimental demonstration of
the effect at the corresponding microscale. We used a
functional model system to carry out experiments to dem-
onstrate hydrodynamic synchronization.

We have produced micrometer sized propellers by two
photon photopolymerization. They are held in optical twee-
zers and are rotated by light. Such rotors were held and
rotated close to each other in optical traps produced by
holographic optical tweezers. The distance of the rotors and
the rotating torque could be freely varied. Synchronization of
the rotation was demonstrated. The effect was characterized
under a broad range of parameters. Based on the compre-
hensive data we built a model to describe the effect and
tested it in detail.
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Single molecule biology—studying meetings

within the plasma membrane

Gerhard J. Schitz

Institute of Applied Physics, Vienna University of Technology,
Austria

In my lecture, | will show examples how to obtain insights into
the organization of the cellular Nanocosm by single molecule
experiments. Our primary goal is to understand the molecular
organization of the plasma membrane and its impact on
signaling processes. For this, we apply single molecule
tracking to resolve the plasma membrane structure at sub-
diffraction-limited length-scales by employing the high pre-
cision for localizing biomolecules of ~ 15 nm. Brightness and
single molecule colocalization analysis allows for studying
stable or transient molecular associations in vivo. In partic-
ular, we developed a technique to detect molecular cluster
formation directly in the live cell plasma membrane. With this
methodology, individual aggregates can be selectively
imaged, and the load of each cluster can be determined. We
applied this technique to investigate the association of a
fluorescent lipid analogues and lipid anchored proteins.
Aggregates containing up to 4 probe lipids were observed to
diffuse freely as stable platforms, shedding new light on the
current debate concerning the existence of “lipid rafts”. Using
the same technique we could further quantify the subunit
stoichiometry of ion channels. Finally, single molecule tools
enable the direct observation of the random transitions a
biomolecule experiences during its movements through the
plasma membrane. For example, transient proximity due to
interactions with other proteins can be directly monitored and
quantified. | will present results on the interaction between
antigen-loaded MHC and the T cell receptor directly in the
interface region of a T cell with a mimicry of an antigen-
presenting cell, using single molecule FRET.

0-592

The native M2 proton channel structure from influenza A
TA. Cross'?3, M. Sharma'?, M. Yi*4, H. Dong®#, H. Qin?,
E. Peterson®, D.D. Busath®, H.-X. Zhou®*

"National High Magnetic Field Lab, 2Department

of Chemistry and Biochemistry, 3Institute of Molecular
Biophysics, “Dept. of Physics, Florida State University,
Tallahassee, FL, *Dept. of Physiology and Developmental
Biology, Brigham Young Univ. Provo, UT, USA

Anfinsen’s thermodynamic hypothesis states “that the native
conformation (of a protein) is determined by the totality of
inter-atomic interactions and hence by the amino acid
sequence in a given environment.” As in most Biochemistry
textbooks, too often these last four words are ignored. For
membrane proteins the complex and heterogeneous mem-
brane environment can have a substantial impact on protein
structure and dynamics as well as on our understanding of
protein function. | will discuss a new structure of the M2
proton channel from Influenza A virus that is a proven drug
target. With solid state NMR we have characterized the full
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conductance domain (residues 22-62) that has very similar
electrophysiology to that of the full length protein. This
structure has been characterized in a native-like liquid crys-
talline lipid bilayer environment. Additional structures have
been achieved by x-ray crystallography as well as solution
and solid state NMR, both with and without the antiviral drug,
amantadine. Recently, resistance to the antiviral drugs
amantadine and rimantadine has dominated the flu seasons
and the recent swine flu pandemic. The resistance resulted
from the S31N mutation in the proton conducting pathway.
Considerable debate has arisen from the various structures
of the M2 protein and their implications for both proton con-
ductance and drug binding.

The solid state NMR conductance domain represents a
highly constrained backbone structure with key sidechain
restraints. In restrained Molecular Dynamics and QM/MM
calculations a detailed model of the key HxxxW sequence
responsible for acid activation, gating and conductance has
been achieved at neutral pH. Based on this model it has
been possible to develop a mechanism for proton conduc-
tance showing in detail how the charge on the histidine
residues is stabilized and how protons are shuttled from the
N-terminal pore to the C-terminal pore of this protein. The
mechanistic details explain a broad range of chemical and
physiological data.

P-593

Lipid composition is the dominant factor that determines
the orientational states of membrane-bound
antimicrobial peptides

Sergii Afonin, Ralf W. Glaser?, Carsten Sachse®, Jests
Salgado®, Parvesh Wadhwani', Katja Koch', Marco
leronimo', and Anne S. Ulrich’

Karlsruhe Institute of Technology (KIT), Karisruhe,
Germany, 2Friedrich-Schiller-Universitat, Jena, Germany,
SEMBL, Heidelberg, Germany, *Universitat de Valéncia,
Burjassot, Valencia, Spain

The perturbing activity of membrane-active peptides in
cellular membranes is attributed to the protein-lipid inter-
actions. A systematic correlation of peptide behavior with
the bilayer properties should thus provide important clues
about cytolytic mechanisms. Here, we have studied two
structurally unrelated antimicrobial peptides, the cyclic f-
stranded gramicidin S, and the o-helical PGLa. Using solid-
state '®F-NMR in oriented bilayers, we have previously
characterized different alignment states for them in lipid
membranes [JACS 130:16512; Top.Curr.Chem. 273:139].
On this basis, we can now use the signal of a specific 19F.
label as a fingerprint to monitor the re-alignment and
mobility of these two peptides as a function of membrane
composition. An NMR temperature series passing through
the relevant lipid phase transition allows to address the
state of the peptides in response to the lipid phase state.
That way we have explored the effects of bilayer thick-
ness, surface curvature, negative charge, and presence of
cholesterol. These data are then compared with the pep-
tide behaviour in plasma membranes from erythrocytes
and bacterial protoplasts. We discuss the results with
respect to the activities of these two peptides and evaluate
the meaningfulness of the various membrane models.
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Perforin induces invaginations in model membranes
Gregor Anderluh’, Tilen Praper', Andreas F.-P. Sonnen?,
Mauro Dalla Serra®, Christopher J. Froelich*, Robert JC
Gilbert®

"Department of Biology, Biotechnical Faculty, University

of Ljubljana, Vecna pot 111, 1000 Ljubljana, Slovenia,
2Division of Structural Biology, Welcome Trust Centre

for Human Genetics, University of Oxford, Roosevelt Drive,
Oxford, OX3 7BN, UK, 3National Research Council - Institute
of Biophysics & Bruno Kessler Foundation, via alla Cascata
56/C, 38123 Trento Povo, ltaly, 4Depan‘ment of Medicine,
NorthShore University HealthSystem Research Institute,
Evanston, IL, 60201, USA

Perforin (PFN) is an important pore forming protein from the
human immune system, which enables the clearing of virus-
infected or tumor cells. PFN pores exist with a range of
functional diameters. The larger pores allow the crossing of
granzyme B across the membrane, but the direct passage of
this probe appears to be rather slow process. We have also
observed that PFN can induce the formation of invaginations
and internal vesicles on giant unilamellar vesicles (GUVs)
composed of pure lipids and when GUVs were formed from
red blood cell ghosts. Invaginations formation was dependent
on the presence of Ca®* and functional PFN. The process of
invaginations started rapidly and intraluminal vesicles were
filled with fluorescent dextrans from the surrounding medium,
irrespective of the dextran size. Intraluminal vesicles were
complete and in some cases separated from the originating
membrane. PFN was not uniformly distributed over the whole
GUV surface but rather concentrated in the invaginations,
according to the labeling by anti-PFN antibodies. The
observed PFN activity may have implications for the transfer
of granzymes into the cytosol of the target cells.

P-597

Phospholipid/cholesterol binary mixtures: polarity
variations with composition and temperature

Dalila Arrais', Jorge Martins'-2

"IBB-CBME, Faro, Portugal, 2DCBB - FCT, Universidade
do Algarve, Faro, Portugal

Phosphatidylcholine (PC), sphingomyelin (SM) and cholesterol
(Chol) are considered the major constituents of the outer lipidic
leaflet of cell plasma membranes. The binary mixtures of PC
and SM with cholesterol gives rise to significant differences in
lipid bilayers properties, such as water permeability, thickness
and molecular packing. Those variations will lead to some
important changes in the fluidity and polarity gradients that can
be measured within model membranes.

We studied the polarity variations of saturated (DPPC, egg-
SM) and unsaturated (POPC, DOPC) phospholipids bilayers,
and their respective mixtures with Chol at specific molar
proportions, using the pyrene empirical polarity scale.

For POPC and DOPC the polarity values tend to decrease,
either increasing cholesterol concentration, as well as tem-
perature. For DPPC and egg-SM, we verified the same
tendency for lower Chol contents. For higher proportions,
and higher temperatures, we observe an increase in the
equivalent polarity, which is much more pronounced for egg-
SM.

Funding from Fundagéo para a Ciéncia e a Tecnologia -
Portugal, through a Ph.D. grant (SFRH/BD/41607/2007) to
D.A., the project PTDC/QUI-BIO/112943/2009, and Centro
de Biomedicina Molecular e Estrutural, IBB/CBME, LA,
FEDER/POCI 2010, is acknowledged.
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Hard X-ray phase contrast imaging of black lipid
membranes

André Beerlink', Michael Mell?, Tim Salditt®

Deutsches Elektronen-Synchrotron, HASYLAB, Hamburg,
Germany, 2University of Madrid, Madrid, Spain, 3Institute
for x-ray physics, University of Géttingen, Germany

We report on hard x-ray phase contrast imaging of black lipid
membranes (BLMs), which are freely suspended over a
micro machined aperture in an aqueous solution. This new
way of membrane structure analysis allows investigating bio
molecular and organic substances in aqueous environments
by parallel and divergent beam propagation imaging, using
partially coherent multi-keV x-ray radiation. The width of the
thinning film is significantly smaller than the detector pixel
size, but can be resolved from quantitative analysis of the
intensity fringes in the Fresnel diffraction regime down to its
native thickness of about 5nm. To our knowledge this is the
first time that such small features of a very weak phase
object have been visualized by direct x-ray imaging tech-
niques. We have put forward a simplified but extendable
model, which enables the theoretical description of image
formation and characterization of membrane thickness and
its decrease during the thinning process from a bulk to a
bimolecular film. On the basis of recent experiments, future
investigations will be performed to study the interactions of
membranes, as they are for example known from synaptic
fusion, with high spatial resolution.

P-600

Interaction between chorogenic acid and erythrocyte
membrane

Dorota Bonarska-Kujawa, Hanna Pruchnik, Halina
Kleszczynska

Department of Physics and Biophysics, Wroclaw University
of Environmental and Life Science, C.K. Norwida 25/27,
50-375 Wroclaw, Poland

Chlorogenic acid (CGA) is a compound of plant origin, being
present in large quantities in coffee beans and fruits and
leaves of apple tree. Scientific studies have documented a
protective action of CGA on the human organism due to its
antioxidant, anticancer, fungicidal and bactericidal properties.
However, the effect of the acid on the molecular and cell
levels have not yet been studied. The aim of the research
presented was to determine the effect of CGA on the eryth-
rocyte membrane and liposomes formed of membrane lipids.
The fluorimetric method was used to determine the antioxi-
dant activity of CGA, and its location within membrane on the
basis of morphological changes of erythrocytes and fluo-
rescence of some probes located in various regions of the
membrane. The results indicate that CGA protects the red
blood cell perfectly against oxidation. This research has
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shown that the acid incorporates mainly in the exterior part of
the erythrocyte membrane, inducing creation of echinocytes.
This suggests that it interacts predominantly with the outer
part of the lipid layer of erythrocytes and liposomes. It was
also shown that the CGA decreases the packing order of the
hydrophobic part of the membranes, without changing the
anisotropic fluorescence of the hydrophobic part.

This work was sponsored by the Ministry of Science and
Education, scientific project no. N N312 422340 and N N304
173840.
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Giant unilamellar vesicle (GUV) as model system

in advanced 3d orientation determination

Richard Borner’, Nicky Ehrlich?, Christian G. Hiibner'
TInstitute of Physics, University of Liibeck, Ratzeburger Allee
160, 23562 Liibeck, Germany, °Bionanotechnology

and Nanomedicine Laboratory, University of Copenhagen,
Universitetsparken 5, 2100 Kebenhavn, Denmark

One of the unique features of single molecule absorption/
emission is their anisotropy due to the well-defined transi-
tion dipoles for both processes allowing the determination of
the molecule’s 3d orientation. Therefore, several techniques
have been proposed in order to determine the full 3d ori-
entation of dipole emitters on a single molecule level. We
recently demonstrated a technique that combines emission
distribution and polarization detection [1,2,3]. As the method
is an intensity distribution technique and based on single
photon detection in principle, one can extend the 3d ori-
entation  determination to fluorescence correlation
spectroscopy (FCS) as well as dynamical anisotropy mea-
surements. This allows for the determination of the
dynamics in 3d orientation of single molecules down to a
nanosecond timescales. The 3d orientation is particularly
interesting in non-isotropic environments. A lipid membrane
is such a non-isotropic environment of enormous impor-
tance in biological systems. We therefore use giant
unilamellar vesicle (GUV) labeled with dyes like DiO as a
model system. Due to the defined curvature of such vesi-
cles all possible dipole orientations can be achieved. This
allows us to show the capabilities of our method on different
timescales and to quantify the error in determination of 3d
orientation dynamics in lipid membranes.

[1] J. Hohlbein & C. G. Hiibner, APL, 86, 121104 (2005)
[2] J. Hohlbein & C. G. Hiibner, JCP, 129, 094703 (2008)
[3] R. Bémner et al., Proc. SPIE, 7905, 79050D (2011)
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Biological activity of strawberry leaf extract

Sylwia Cyboran', Jan Oszmianski?, Halina Kleszczynska'
Department of Physics and Biophysics, Wroctaw University
of Environmental and Life Sciences, Wroclaw, Poland,
2Department of Fruit and Vegetable Technology, Wroctaw
University of Environmental and Life Sciences, Wroclaw,
Poland

The aim of the studies was to determine the changes that

occur in a biological membrane and the model lipid mem-
brane as a result of interaction with strawberry leaf extract.
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Numerous studies conducted all over the world have docu-
mented a beneficial effect of polyphenolic compounds on the
human organism. However, the mechanism of the interaction
on the molecular and cell level is not yet known.

In the work presented, the effect of strawberry leaf extract on
the erythrocyte and black lipid membranes has been inves-
tigated. The applied methods - spectroscopic, fluorimetric
and electric - allowed to determine the hemolytic and anti-
oxidant activity, and the packing order in the erythrocyte
membrane as well as the electric capacity of BLMs.

The results obtained indicate that the extract is efficient in
protecting membrane lipids against oxidation, does notinduce
hemolysis, increases osmotic resistance and decreases
packing order in the hydrophilic region of the erythrocyte
membrane. Moreover, it increases stability and life-time of flat
lipid membranes, without altering their specific capacity.

The changes induced in erythrocyte membranes and BLMs
indicate that strawberry leaf extract binds to the hydrophilic
part of membrane.

This work was sponsored by the Ministry of Science and
Education, scientific project no N N304 173840.
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What is the difference between a supported and a free
lipid bilayer? Insights from Molecular Modeling

Roland Faller

Dept. of Chemical Engineering & Materials Science,

UC Davis, Davis, USA

Supported Lipid Bilayers are an abundant research platform for
understanding the behavior of cell membranes as they allow
for additional mechanical stability and enable characterization
techniques not reachable otherwise. However, in computer
simulations these systems have been studied only rarely up to
now. We present systematic studies on different length scales
of the changes that a support inflicts on a phospholipid bilayer
using molecular modeling. We characterize the density and
pressure profiles as well as the density imbalance induced by
the support. It turns out that the changes in pressure profile are
strong enough that protein function should be impacted leading
to a previously neglected mechanism of transmembrane pro-
tein malfunction in supported bilayers. We determine the
diffusion coefficients and characterize the influence of corru-
gation of the support. We also measure the free energy of
transfer of phospholipids between leaflets using the coarse-
grained Martini model. It turns out that there is at equilibrium
about a 2-3% higher density in the proximal leaflet. These
results are in agreement with data obtained by very large scale
modeling using a water free model where flip-flop can be
observed directly. We are additionally characterizing the
intermediate states which determine the barrier height and
therefore the rate of translocation. We also study the influence
of surface roughness and curvature on the behavior. Simula-
tions in atomistic detail are performed for selected systems in
order to confirm the findings.

[1] C. Xing, R. Faller: Interactions of Lipid Bilayers with
Supports: A coarse-grained Molecular Simulation Study J
Phys Chem B 112(23) 7086-7094 (2008)

[2] M.l. Hoopes, M. Deserno, M.L. Longo, R. Faller: Coarse-
grained modeling of interactions of lipid bilayers with sup-
ports J Chem Phys 129(17) 175102 (2008)
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[3] C. Xing, O.H.S. Qllila, I. Vattulainen, R. Faller: Asymmetric
Nature of Lateral Pressure Profiles in Supported Lipid
Membranes and lts Implications for Membrane Protein
Functions Soft Matter 5(17) 3158-3161 (2009)

[4] C. Xing, R. Faller: Density imbalances and free energy of
lipid transfer in supported lipid bilayers J Chem Phys 131(17)
175104 (2009)

[5] E.l. Goksu, M.1. Hoopes, B.A. Nellis, C. Xing, R. Faller, C.W.
Frank, S.H. Risbud, J.H. Satcher, M.L. Longo: Silica Xerogel/
Aerogel-Supported Bilayers: Consequences of Surface Cor-
rugation BBA Biomembranes 1798 (4) 719-729 (2010)
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Lipid-soluble hydroquinone modifications induced

on membranes

Sergio S. Funari', Vivian Rebbin’, Liliana Marzorati?,
Claudio Di Vitta?

"HASYLAB at DESY, Hamburg, Germany, %Inst. Chemistry,
Univ. Sao Paulo, Sao Paulo, Brazil

We synthesized new alkylthiohydroquinones (ATHSs); in order
to investigate different aspects of lipid-soluble hydroquinones
interactions with phospholipids normally found in cell mem-
branes. They have the same long hydrophobic alky chains
found in many lipids forming the cell membranes. In these
compounds the tails should share the inner of the membrane,
while the hydroquinone, as polar head group should remain
on the surface. One or more alkylthio chains attached to the
aromatic ring, modifies its hydrophobicity and should alter the
electron distribution. Moreover, the two OH groups become
chemically distinguishable, e.g. NMR spectroscopy and also
show different pKa values.

We investigate the interaction of ATHs with lipid membranes,
POPE and POPC and observe the formation of structures
with different morphologies, or curvature, of the lipid mem-
brane, depending on temperature and pH. We attributed their
formation to changes in the balance charge/polarity induced
by the ATHs. Mixtures with POPE at pH=4 forms two cubic
phases P4332 and Im3m that reach a maximum lattice size
while in basic conditions they only expand upon heating from
room temperature. They coexist with lamellar or hexagonal
and have been associated with inhomogeneous distribution
of the ATHs molecules over the lipid matrix. The zwitterionic
POPC does not form cubic phases, but instead shows two
lamellar structures up to a high temperature.

In all mixtures of lipid/ATHs we observed the formation of
lamellar and hexagonal phases, similar to the behaviour of
pure hydrated lipid e.g. POPC, while for POPE additional
cubic structures, depending on the environment conditions.

P-606

The role of the I-BAR domain in the filopodia formation
Kinga Futo?, Laura M. Machesky?, Balazs Visegrady'
Department of Biophysics, Faculty of Medicine, University

of Pécs, Szigeti str. 12, Pécs H-7624, Hungary, ?Beatson
Institute for Cancer Research, Garscube Estate, Switchback

Road, Bearsden, Glasgow G61 1BD, UK

The Inverse BAR (I-BAR) domain is part of the superfamily of
the membrane-deforming protein is Bin-amphiphysin-Rvs
(BAR) proteins which induce either positive or negative

membrane curvature both in vitro and in cells. Generation of
membrane curvature by these membrane deforming proteins
often works together with actin dynamics. I-BAR shares its
function between actin bundling and membrane binding but it
is still obscured what molecular mechanisms are responsible
for these functions. The aim of our project is to investigate the
detailed membrane binding properties of the |-BAR of
IRSp53 and its relations to the actin cytoskeleton. In vitro
FRET experiments and fluorescence quenching studies were
carried out between the I-BAR and liposomes made up from
different lipid constructs. We have found that the I-BAR has
preference to bind to the negatively charged lipids however it
can also bind to the uncharged lipids. The fluorescence
quenching studies reflected that the accessibility of the
I-BAR surface was higher toward the negatively charged
lipids than for the uncharged ones. TNS fluorescence assay
reflected that the I-BAR domain binds to the surface of the
micells rather than penetrating into its core.

P-607

Phase transitions and spatially-ordered counterion
association in ionic-lipid bilayers: a statistical model
Mario N. Tamashiro', Renato Germano?, M. Teresa Lamy?®,
Vera B. Henriques®

TInstituto de Fisica “Gleb Wataghin”, Universidade Estadual
de Campinas, Campinas, Brazil, 2Departamento de Fisica,
Universidade Federal do Piaui, Teresina, Brazil, 3Instituto de
Fisica, Universidade de Sdo Paulo, Sdo Paulo, SP, Brazil

Lipid bilayers present a well-known order-disorder chain tran-
sition at ambient temperatures. This transition may become
anomalous if the lipid head-group presents ionic dissociation at
low ionic strength, as detected by several experimental tech-
niques: between the gel and the liquid phases an intermediate
phase appears as a shoulder in the specific heat, a deep in
turbulence or a maximum in conductivity. We propose a sta-
tistical model which allows ionic dissociation of the polar group
on the membrane surface and thus introduces competition
between the hydrophobic interaction of hydrocarbonic chains,
which favours the gel phase, at low temperatures, and the
electrostatic interaction of charged head-groups, which favours
the fluid phase, at higher temperatures. The model presents an
intermediate fluid phase with higher dissociation and charge
ordering on the membrane surface, beyond a sharp gel-fluid
transition. The model presents increasing temperature of the
main transition by addition of salt, as well as the shrinking of the
anomalous region as chain length increases. Model thermo-
dynamic behavior is compared to results for PGs,
phospholipids with a glycerol head-group.

P-609

Modulation of membrane fluidity by 2-hydroxylated fatty
acid derivatives

M. Ibarguren, D.J. Lopez and P.V. Escriba.

Laboratory of Molecular and Cell Biomedicine, University
of the Balearic Islands — Lipopharma Therapeutics, S.L.,
Palma de Mallorca, Spain

Keywords: Membrane fluidity, Minerval, 2-hydroxylated fatty
acids.
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Cellular functions are usually associated with the activity of
proteins and nucleic acids. Recent studies have shown
that lipids may alter the biophysical properties of lipid
membranes and modulate the localization and activity of
membrane proteins, thus regulation the cellular processes
in which they are involved. The present work describes the
effect of Minerval (2-hydroxyoleic acid), a potent antitu-
moral drug, and other different 2-hydroxylated fatty acid
derivatives on the fluidity of lipid membranes. The self-
quenching method of NBD-phosphatidylethanolamine
showed that all the studied 2-hydroxylated fatty acids
induced fluidification of domain-containing model mem-
branes. However, phase separation was observed upon
addition of these synthetic molecules on vesicles com-
posed of homogeneously distributed lipids. Results of
fluorescence confocal microscopy of giant unilamellar
vesicles correlates with the disordering effects of the
2-hydroxylated fatty acids on the membrane structure. The
ability of changing the membrane biophysical properties
makes the 2-hydroxylated fatty acid derivatives candidates
to be modulators of the membrane associated proteins
activities and the subsequent intracellular cell signaling
processes.

P-610

Transmembrane signalling through a heme/hemophore
receptor, HasR

Giséle Cardoso de Amorim’, Idir Malki', Ada Prochnicka-
Chalufour!, Julien Lefévre', Catherine Simenel®, Philippe
Delepelaire?, Muriel Delepierre’ and Nadia Izadi-Pruneyre’
"Unité de RMN des Biomolécules, Institut Pasteur, CNRS
URA 2185, Paris, France, 2Unité des membranes
bactériennes, Institut Pasteur, CNRS URA 2172, Paris,
France

The outer membrane (OM) of Gram-negative bacteria acts
as a selective permeation barrier. The nutrients that cannot
pass through porins are internalised via OM specific trans-
porters by an active process depending on the energy given
by an inner membrane complex. This is the case of iron
sources, heme, vitamin B12, etc. We study on such an
active transport system through an OM transporter, HasR.
HasR is a central component of a heme acquisition system
“Has” developed by several Gram-negative bacteria to
satisfy their need of iron. It functions in synergy with a
secreted heme carrier protein, named hemophore or HasA.
HasA extracts heme from host hemoproteins as hemoglobin
and then shuttles it to HasR, wherein it is internalized. The
energy for HasR functioning is brought by the inner mem-
brane HasB complex. The HasR OM receptor binds heme
and HasA on its extracellular side and HasB on its peri-
plasmic side. Using structural and biophysical approaches,
we show that the binding of the substrate on the extracel-
lular face of HasR modulates the interaction with HasB on
the periplasmic face. The transmitted signal depends on the
nature of the substrate™?34:

" Wolff, N et al., 2008 J. Mol. Biol.
2 Krieg S et al 2009 PNAS,

3 in prep.

4 Lefevre J et al., 2008. J Mol Biol.
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Target-selective membrane fusion with endosomal-pH-
responsiveness

Ayumi Kashiwada, Mana Tsuboi, and Kiyomi Matsuda
Department of Applied Molecular Chemistry, College

of Industrial Technology, Nihon University, Narashino, Chiba
275-8575, Japan

The well-programmed membrane fusion systems, operating
in a weakly acidic environment, have attracted attention in
the fields of biochemistry, biophysics, and pharmacy
because these acidic conditions are generally observed in
endosomal membranes or tumor tissues. We have reported
a selective liposomal membrane fusion system toward a
sugar-like cyclic cis-diol structure on the target liposome.
This system consists of a lapidated phenyl boronic acid
derivative as membrane -bound fusogen and phosphatidyl-
inositol as target. Here we report the preparation of a boronic
acid / pH-responsive polypeptide conjugate as a novel
membrane fusion device and the development of a target
selective liposomal membrane fusion system with endo-
somal pH-responsiveness.

During the course of lipid-mixing, inner-leaflet lipid-mixing,
and contents-mixing assays to characterize membrane
fusion behavior, we clearly observed a liposomal membrane
fusion phenomenon when the pH of the experimental system
was changed from 7.4 (physiological) to 5.0 (endosomal).
Our highly effective methods, which include a target selective
liposomal membrane fusion, can be useful in the area of
nanomedicine such as hybridoma technology and liposome-
based drug or gene delivery.

P-613

Complete and reversible chemical denaturation

of an a-helical membrane protein

Jana Broecker, Sebastian Fiedler, Sandro Keller
Molecular Biophysics, University of Kaiserslautern, Erwin-
Schrédinger-Str. 13, 67663 Kaiserslautern, Germany

The question of how an unordered polypeptide chain assumes
its native, biologically active conformation is one of the
greatest challenges in molecular biophysics and cell biology.
This is particularly true for membrane proteins. Chemical
denaturants such as urea have been used successfully for in
vitro un- and refolding studies of soluble proteins and f-barrel
membrane proteins. In stark contrast with these two protein
classes, in vitro unfolding of a-helical membrane proteins by
urea is often irreversible, and alternative denaturation assays
using the harsh detergent sodium dodecyl sulphate suffer
from a lack of a common reference state.

Here we present the complete and reversible chemical
denaturation of the bacterial «-helical membrane protein
Mistic out of different micellar environments by urea. We
applied multidimensional spectroscopy and techniques typi-
cally used in p-barrel membrane protein unfolding. Mistic
unfolds reversibly following a two-state equilibrium that
exhibits the same unfolded reference state. This allows for a
direct comparison of the folding energetics in different mem-
brane-mimetic systems and contributes to our understanding
of how a-helical membrane proteins fold as compared with
both f-barrel membrane proteins and water-soluble proteins.
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Simple cell, complex envelope: modelling

the heterogeneous membrane of E. coli

Syma Khalid, Thomas J Piggot and Daniel A Holdbrook.
School of Chemistry, University of Southampton,
Southampton SO17 1BJ, UK

Gram-negative bacteria such as E. coli are typically regarded
as “simple” model organisms, yet their cell envelopes are
surprisingly complex. Recent experimental and theoretical
studies have revealed that contrary to the traditional view of
the cell membrane as a passive bystander in membrane
protein function, it plays a key role in protein folding, assembly,
and function. To study the influence of the bacterial membrane
on the dynamics of embedded proteins, we have performed
atomistic molecular dynamics simulations of members of the
TonB-dependent transporter family of proteins from E. coli. In
particular, our aim has been to capture the details of lipid
composition; we have modeled the outer membrane as an
asymmetric bilayer containing an asymmetric distribution of
lipopolysaccharide (LPS) and heterogeneous phospholipid
mixtures. Our simulations enable us to explore the dynamics
of the extracellular loops with a level of detail that is not pos-
sible using more traditional, simpler model membranes. By
extending the simulation timescales out to hundreds of
nanoseconds we are gaining new insights into the influence of
“realistic” membrane environments on the structure and
dynamics of membrane proteins.

P-615

Interaction between buckwheat extract and erythrocyte
membrane

Aleksandra Wioch', Jan Oszmianski2, Halina Kleszczynska'
"Department of Physics and Biophysics, Wroctaw University
of Environmental and Life Sciences, Norwida 25, 50-375
Wroctaw, Poland, 2Department of Fruit, Vegetable and Grain
Technology Technology, Wroctaw University

of Environmental and Life Sciences, Norwida 25, 50-375
Wroctaw, Poland

In recent years, buckwheat has been of great interest in the
world markets of healthy food, due to its high energy value,
the content of unsaturated fatty acids, mineral constituents
and vitamins. Its seeds contain flavonoids which are natural,
efficient antioxidants.

The aim of the present studies was to investigate the effect
of buckwheat extracts on the properties of biological
membrane, which is the main site of the interaction between
the substances buckwheat contains and the organism. The
research was conducted on red blood cells and their iso-
lated membranes, using the spectrophotometric,
microscopic and fluorimetric methods. From the results
obtained it follows that the compounds contained in buck-
wheat extracts increase the osmotic resistance of
erythrocytes, making them less sensitive to the medium’s
osmotic pressure, induce changes in cell shape, producing
increased number of echinocytes, and decrease the pack-
ing order of the polar heads of membrane lipids. It can thus
be inferred that the compounds contained in the extracts
penetrate the hydrophobic region of the erythrocyte mem-
brane and alter its properties.

This work was sponsored by the Ministry of Science and
Education, scientific project no N N304 173840
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Re-alignment of the antimicrobial peptide gramicidin S
in lipid membranes: probing different sites

of the molecule

Vladimir Kubyshkin', Sergii Afonin®, Pavel K. Mykhailiuk?,
Marina Berditsch’, Igor V. Komarov?, Anne S. Ulrich’
Karlsruhe Institute of Technology (KIT), Karisruhe,
Germany, ? National Taras Shevchenko University, Kyiv,
Ukraine

Gramicidin S (GS) is a cyclic decapeptide (cyclo[Val-Orn-
Leu-PPhe-Pro]).Due to its small size, symmetric structure,
amphipathicity, proteolytic stability and testable mode of
activity, the GS backbone is a convenient model system to
examine the structure-activity relationship of individual amino
acid substitutions.

We have previously reported the structure analysis of two GS
analogues in which either the Val or Leu residues on the
hydrophobic face of the molecule were substituted by the
aliphatic '®F-labeled amino acid 4F-Phg. Using '®F-ssNMR
in oriented lipid bilayers, we observed a re-alignment of the
peptide that is compatible with the formation of a putative
pore [Top.Curr.Chem. 273:139]. Here, we present novel
analogs of GS with different '°F-prolines in the f-turn region,
and with CF3-Bpg in place of Leu. Based on these '°F-
ssNMR results and supported by CD, DSC and activity tests,
we could demonstrate that all analogues are structurally
intact and antimicrobially active. We observe, however, dif-
ferences in the re-alignment propensity when comparing
these GS analogues in DLPC and DMPC bilayers. These
differences can be rationalized in terms of molecular shape
being changed upon incorporation of unnatural amino acids
at various sites of the molecule.

P-618

Viral membrane fusion inhibited by beta-propiolactone
treatment

Pierre Bonnafous', Marie Claire Nicolai?, Michel Chevalier?,
Jean-Christophe Taveau ', Julie Morel?, Olivier Adam?,
Frédéric Ronzon?, Olivier Lambert’

"CBMN UMR-CNRS 5248, Université Bordeaux, Bordeaux
France, 2Sanofi Pasteur Research, Lyon, France

The beta-propiolactone (BPL) is an inactivating reagent
commonly used to produce viral vaccine preparations (whole
virions or split-virions). Although BPL has been reported to
inactivate nucleic acids, its mechanism of action on proteins
and the outcome on viral infection remains ill-defined. In this
work, H3N2/Victoria/210/2009 influenza virus strain has been
submitted to various BPL inactivation conditions (from 2uM to
1 mM). Cell infection ability was progressively reduced and
entirely abolished at 1 mM BPL. To clarify the BPL effect, we
focused on membrane fusion infection steps using kinetic
fluorescence molecule leakage from liposome and lipid FRET
assays combined with cryo electron microscopy. Membrane
fusion measured at pH 5 on GM3 liposomes was reduced in a
dose-dependent manner. Interestingly the fusion activity was
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partially restored using the proton-ionophore monensin as
confirmed by cryoEM images. In addition, a decrease of
molecule leakage irrespective to BPL concentration was
measured suggesting that the hemagglutinin affinity for GM3
was slightly modified even at low BPL concentration. Alto-
gether these results strongly suggest that BPL treatment
impairs M2 protein activity likely by preventing proton trans-
port and bring new light on the mechanism of action of BPL.

P-619

Light scattering detects large vesicle deformations
along the anomalous gel-fluid transition of DMPG

Thais A. Enoki, Daniela A. Nomura, Jozismar R. Alves, Vera
B. Henriques, M. Teresa Lamy

Instituto de Fisica, Universidade de Sdo Paulo, Sdo Paulo,
SP, Brazil

The saturated anionic lipid dimyristoyl phosphatidylglycerol
(DMPG), at low ionic strength, exhibits a very peculiar
thermo-structural behavior. Along a wide gel-fluid transition
region, DMPG dispersions display several anomalous char-
acteristics, like low turbidity, high electrical conductivity and
viscosity. Here, static and dynamic light scattering (SLS and
DLS) were used to characterize DMPG vesicles. SLS and
DLS yielded similar dimensions for vesicles in the gel
and fluid phases. However, over the DMPG transition region,
SLSindicated a threefold increase in vesicle radius of gyration,
whereas the hydrodynamic radius, as obtained from DLS,
increased by only 30%. Overthe DMPG transition region, large
positive values of the second virial coefficient clearly indicated
an increase in inter-vesicle repulsion, probably due to the
suggested increase in vesicle ionization. Despite the anoma-
lous increase in the radius of gyration, DMPG lipid vesicles
maintain isotropy, since no light depolarization was detected.
Adding to results present in the literature, we propose an
interpretation in terms of large fluctuations of vesicle form and
bilayer density along the DMPG transition region, associated
to head-group dissociation and formation of bilayer pores.
Support: USP, FAPESP and CNPq.
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Synergy between membrane-curvature and liquid
ordered phase-state effectively sorts amphiphilic
protein-anchoring motifs

J. Larsen, M.B. Jensen, N. Hatzakis, V.K. Bhatia

and D. Stamou

Bionanotechnology Laboratory, Department of Neuroscience
and Pharmacology, Nano-Science Center, Lundbeck
Foundation Center Biomembranes in Nanomedicin,
University of Copenhagen, Universitetsparken 5, 2100 KBH @,
E-mail: jannikl@sund.ku.dk

Cellular membranes have a heterogeneous lipid composi-
tion, potentially forming nano-domains or membrane rafts,
believed to be platforms of altered fluidity involved in protein
sorting and trafficking’. An alternative mechanism, potentially
leading to protein sorting, has recently been proposed,
suggesting that the curvature of membranes can also
actively regulate protein localization?. Recently we showed
that a variety of protein anchoring motifs are membrane-

@ Springer

curvature sensors and thus up concentrate in regions of high
membrane curvature®. Furthermore the curvature sensing
ability of the anchoring motifs persisted independently of their
structural characteristics. This leads us to speculate that
curvature sensing might be an inherent property of any
curved membrane and as a consequence, the lipid compo-
sition of the bilayer could potentially regulate this recruitment
by membrane curvature. Thus there might be an intimate, yet
unrecognized, link between the way raft-like membrane
domains and membrane-curvature promotes the localization
of membrane-anchored proteins.

We examined how changing the lipid composition of lipo-
somes influenced the recruitment by membrane curvature of
a model amphiphilic protein-anchoring motif. Employing our
single liposome curvature assay, we tested lipid mixtures
with different ratios of DOPC, sphingomyelin and cholesterol,
giving rise to liposome populations of different phase-states.
We found an amplified recruitment by membrane curvature
for all raft-like |, phase-state mixtures when compared to the
lg phase-state counterparts. Based on these findings we
suggest a synergetic effect when combining a raft-like lipid
phase-state and high membrane curvature, resulting in a
highly potent mechanism for selective localization of mem-
brane-anchored proteins.

[1] D. Lingwood and K. Simons, “Lipid Rafts As a Membrane-
Organizing Principle,” Science, vol. 327, pp. 46-50, January
1, 2010 2010.

[2] V. K. Bhatia, et al., “Amphipathic motifs in BAR domains
are essential for membrane curvature sensing,” Embo
Journal, vol. 28, pp. 3303-3314, 2009.

[3] N. S. Hatzakis, et al., “How curved membranes recruit
amphipathic helices and protein anchoring motifs,” Nature
Chemical Biology, vol. 5, pp.835-841, 2009.
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Minerval and other 2-hydroxylated fatty acid derivatives
induce the formation of non-lamellar lipid structures
D.J. Lopez, M. Ibarguren and P.V. Escriba

Laboratory of Molecular and Cell Biomedicine, University
of the Balearic Islands — Lipopharma Therapeutics, S.L.,
Palma de Mallorca, Spain

Keywords: Non-lamellar lipid structure, phase transition,
Minerval, 2-hydroxylated fatty acid.

Minerval (2-hydroxyoleic acid), a potent antitumoral drug, is
known to modulate the lipid membrane structure by decreasing
the lamellar-to-non-lamellar phase transition temperature (Ty).
A series of 2-hydroxy fatty acid derivatives, varying in acyl
chain length and degree of unsaturation, have been analyzed
in terms of their ability to stabilize the inverted hexagonal (H))
phase in palmitoyl-oleoyl-phosphatidylethanolamine mem-
branes. Differential Scanning Calorimetry and 3'P-Nuclear
Magnetic Resonance showed that mono- and polyunsatu-
rated, but not saturated, 2-hydroxylated fatty acid molecules
were able to decrease the Ty. Lipid vesicles mimicking the lipid
composition of a cell membrane were solubilized at 4°C in the
presence of Triton X-100. The results demonstrated that the
amount of detergent-resistant membranes, which are related to
liquid ordered (Lo) structures, decreased in the presence of
2-hydroxylated fatty acids. The so-called Lipid Membrane
Therapy focuses on the reversion of cell disfunction through
the modulation of the membrane structure, thus altering the
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activity of membrane-associated proteins. The ability to modify
the biophysical properties of a lipid membrane makes the
studied 2-hydroxylated fatty acid molecules be prospective
candidates for the use in the Lipid Membrane Therapy.
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Steady-state and time-resolved fluorescence study

of pyrenyl probes’ excimer formation and quenching
Miguel Manuel', Jorge Martins'?

IBB-CBME, University of Algarve, Faro, Portugal, ’pcBB-
FCT, University of Algarve, Faro, Portugal

Keywords: Pyrene excimer, lateral diffusion, 2D steady-state
kinetics, lipid bilayers

Excimer formation of phospholipid-labeled pyrenyl probes f-
py-C10-HPC and p-py-Ce-HPC in POPC MLV vesicles was
examined by combined steady-state and time-resolved
fluorescence. Our findings are in good agreement with the
theoretical predictions by a kinetic formalism specific for
fluorescence quenching processes occurring in two-dimen-
sional media [Razi Naqvi et al. (2000) J. Phys. Chem. B 104,
12035]. However, a significant downward divergence occurs
above 4 mol % of probe content, which might indicate devi-
ations to ideal mixing in fluid phase. Results for f-py-Cqo-
HPC, in mixtures of POPC with 10 and 20 mol % POPS were
indistinguishable from those obtained with pure POPC vesi-
cles; however excimer formation in pure POPS bilayers
appears to be appreciably higher.

We also compared the excimer formation findings with
quenching of the same probes by low concentrations of
DOXYL quencher groups labeled acyl phospholipid chain at
the same depth of the pyrenyl group. The results are also
scrutinized by the same two-dimensional kinetic formalism
and good correlation was also found.

Funding from Fundagédo para a Ciéncia e a Tecnologia -
Portugal, through a Ph.D. grant (SFRH/BD/41607/2007) to
M.M. and Centro de Biomedicina Molecular e Estrutural, IBB/
CBME, LA, FEDER/POCI 2010, is acknowledged.
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Biophysics of Membrane Lipidomics

Derek Marsh

Max-Planck-Institut fiir biophysikalische Chemie,
37070 Géttingen, Germany

The amassing of comprehensive data on the lipid composi-
tion of biological membranes by lipidomics initiatives
provides a potent challenge to the membrane biophysicist
interested in lipid structure. This resolves itself essentially
into two aspects. The first systematises the dependence of
membrane biophysical parameters on lipid molecular struc-
ture. Lipid volumes, membrane dimensions, chain-melting
temperatures and enthalpies, nonlamellar phase formation
and structure, critical micelle concentrations and thermody-
namics of membrane formation, membrane-membrane
interactions and lipid transfer are amongst the properties of
central biophysical interest. The relevant structural parame-
ters are lipid chain length, degree of unsaturation, chain

branching and headgroup configuration. The second, more
complex and less well developed, aspect concerns the lipid-
lipid interactions that determine the membrane properties of
lipid mixtures. In part, these can be obtained from binary
phase diagrams, and the more limited number of ternary
phase diagrams - notably with cholesterol - that are available.
Extrapolation to higher order mixtures lies in the future. | shall
attempt to summarise some of the progress in these direc-
tions. The immediate aim is a second edition of my
Handbook of Lipid Bilayers, which, in addition to a vastly
expanded database, will include interpretative features and
will be available in the early part of next year.

References:

Marsh,D., 2009. Cholesterol-induced fluid membrane
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of chain-melting transition temperatures, Biochim. Biophys.
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Combined steady-state and time-resolved excimer
formation analysis in POPC/cholesterol bilayers
Ménica Faria?, Miguel Manuel', Jorge Martins'-

"IBB - CBME, Faro, Portugal, 2DCBB - FCT, Universidade
do Algarve, Faro, Portugal

Lateral diffusion dynamics in phosphatidylcholine/cholesterol
bilayers has been mostly accessed by means of EPR, NMR
and FCS spectroscopic techniques. Reliable stady-state
florescence quenching analysis of diffusion-controlled pro-
cesses has been ampered by the lack of a self-consistent
kinetic formalism for the two-dimensional (2D) counterpart of
the classical Stern-Volmer analysis for three-dimensional
(3D) solvents.

We studied the excimer formation of phospholipid-labeled
pyrenyl probes (proportion of 4 mol %) in mixed POPC/Cho-
lestrol MLV liposomes by combined steady-state and time-
resolved fluorescence The findings are in very good agree-
ment with the theoretical predictions of the kinetic formalism
specific for fluorescence quenching processes occurring in
2D media [Razi Naqvi et al. (2000) J. Phys. Chem. B 104,
12035]. We analyzed POPC/Cholestrol mixtures putatively in
the liquid-ordered (35, 40 and 45 mol % Cholesterol) and in
liquid-disordered (5 mol %) phases, and compare the out-
comes with the results from pure POPC bilayers.

Funding from Fundacédo para a Ciéncia e a Tecnologia -
Portugal, through a Ph.D. grant (SFRH/BD/40671/2007) to
M.M., the project PTDC/QUI-BIO/112943/2009, and Centro
de Biomedicina Molecular e Estrutural, IBB/CBME, LA,
FEDER/POCI 2010, is acknowledged.
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The effects of 2N- and 30-methylation of sphingosine
on the membrane properties of ceramide in mixed
bilayers

Terhi Maula, Mayuko Kurita®, Shou Yamaguchi?, Tetsuya
Yamamoto?, Shigeo Katsumura?, J. Peter Slotte'
Biochemistry, Department of Biosciences, Abo Akademi
University, Turku, Finland, 2School of Science & Technology,

Kwansei Gakuin University, Sanda City, Japan

The small hydrophobic head group, the closely packed acyl
chains, and the capability of interfacial hydrogen bonding
have been suggested to govern the characteristic membrane
behavior of long chain saturated ceramides: the self-segre-
gation, and the formation of hexagonal phases and highly
ordered gel phases. While it has been shown that structural
alterations of the ceramide acyl chains induce position
dependent effects on their behavior, we wanted to study the
effect of interfacial properties, including hydrogen bonding, on
ceramide membrane properties. The H-bond donor functions
of 2NH and 30H in the sphingosine backbone of palmitoyl-
ceramide were disrupted either separately or simultaneously
by replacing the hydrogen with a methyl-group. When the
lateral phase behavior of mixed bilayers containing choles-
terol/sphingomyelin-rich domains was studied in the
presence of the ceramide analogs, the 30-methylated cera-
mide appeared to form a thermally stable, sterol-excluding gel
phase with sphingomyelin, whereas the 20-methylated cer-
amide failed in both thermal stabilization and sterol
displacement. The doubly methylated analog was the poorest
ceramide mimic. Together with the possible steric effects
induced by the methylations, the lack of 2NH H-bond donor
function impaired ceramide membrane behavior to a greater
degree than the lack of 30H H-bond donor function.
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Cytotoxicity and interactions

of w-(alkyldimethylamonium) alkylaldonamide bromides
with membranes

E. Wozniak', B. Rézycka-Roszak', P. Misiak', A. Czarny?,
E. Zaczynska?, R. Skrzela®, K.A. Wilk®

"Department Physics and Biophysics, Wroctaw University
of Environmental and Life Sciences, Wroctaw, Poland,
2Institute of Immunology and Experimental Therapy, Polish
Academy of Sciences, Wroctaw, Poland, 3Depan‘ment

of Chemistry, Wroctaw University of Technology, Wroctaw,
Poland

Sugar-based surfactants are made from renewable resources
using the “green chemistry” methods, are easily biodegrad-
able and used in washing agents, cosmetics, and drug
carriers. Besides, there are attempts to use them as nonviral
vectors in gene therapy. We studied the influence of new w-
(alkyldimethylamonium)alkylaldonamide bromides (C,GAB)
with different chain lengths (n = 10, 12, 14, 16) on the ther-
motropic phase behavior of DPPC, and DPPC/chol bilayers
by means of differential scanning calorimetry. The surfactants
were added either to the water phase or directly to the lipid
phase (a mixed film was formed). We analyzed the changes
in the temperatures, enthalpies and shapes of the main phase
transitions as a function of concentration. Molecular modeling
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methods were also used. Cytotoxicicity of the C,GABs was
determined in the cell line L929 and A549. For cytotoxicity
test, the cells were seeded in 96-well plates 1 ml of 2.10°
cells/ml in the culture medium Eagle’a or Dulbecco with 2%
calf serum, penicillin and streptomycin was deposited into
each plates. The cells were treated with various doses of
surfactants and incubated. The minimal concentration which
was toxic to approximately 50% of cells was taken as
TCCDsg. This work was supported by grant N N305 361739.
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Direct visualization of large and protein-free hemifusion
diaphragms

Joerg Nikolaus', Jason M. Warner?, Ben O’Shaughnessy?,
Andreas Herrmann'

"Humboldt University Berlin, Berlin, Germany, 2Depan‘ment
of Chemical Engineering, Columbia University, New York,
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Keywords: Membrane fusion, hemifusion, giant unilamellar
vesicle, transmembrane domain

Membrane fusion is ubiquitous in life requiring remodeling of
two phospholipid bilayers. As supported by many experimen-
tal results and theoretical analyses, merging of membranes
seems to proceed via similar sequential intermediates. Con-
tacting membranes form a stalk between the proximal leaflets
which expand radially into a hemifusion diaphragm (HD) and
subsequently open to a fusion pore. Direct experimental veri-
fication of the HD is difficult due to its transient nature. Using
confocal fluorescence microscopy we have investigated the
fusion of giant unilamellar vesicles (GUVs) containing fluo-
rescent membrane protein anchors and fluorescent lipid
analogues in the presence of divalent cations. Time resolved
imaging revealed that fusion was preceded by displacement of
peptides and lipid analogues from the GUV-GUV contact
region being of several um in size. A detailed analysis showed
that this structure is consistent with the formation of an HD. A
quantitative model of the hemifusion equilibrium and kinetics of
the growing HD was developed. Bilayer tension could be
shown to drive HD expansion and interleaflet tension was
found to act as a counterforce, because the outer leaflets are
compressed upon HD growth. The model and its predictions fit
nicely with observations above.

P-630

Concentration effects of trehalose in the equivalent
polarity of fluid POPC bilayers

C. Nobre?, D. Arrais’, J. Martins+2

IBB - CBME, Faro, Portugal, 2DCBB - FCT, Universidade
do Algarve, Faro, Portugal

Trehalose is an important disaccharide, formed by two units
of glucose linked by a «-1,1 glicosidic bond. It is capable of
replacing water molecules in the hydration shell of the
phospholipid headgroups, in cases of extreme dehydration,
by establishing hydrogen bonds with their -CO and —PO
groups, preserving this way the membrane structure. The
polarity gradient is a significant feature of lipid bilayers and is
influenced by the amounts of water within this medium. It is
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therefore important to understand the effects of different
concentrations of trehalose in simple model membranes.
Using the pyrene empirical polarity scale, we monitorized
changes in the polarity values when varying trehalose con-
centration in the bounding aqueous phase. For lower
concentrations (until 0.25 M), we observed a decrease in
polarity, comparing with POPC bilayers in pure water. For
higher trehalose concentrations (above 0.5 M), the polarity
values are indistinguishable from those POPC in water.
Using the freeze and thaw technique we obtained the same
results, except for the lower trehalose concentrations.
Funding from Fundagédo para a Ciéncia e a Tecnologia -
Portugal, through the project PTDC/QUI/64565/2006, and
Centro de Biomedicina Molecular e Estrutural, IBB/CBME,
LA, FEDER/POCI 2010, is acknowledged.
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Stereo-specific effect of the analgesic drug ketamine
on lipid membranes

Georg Pabst', Eva Sevcsik', Michael Rappolt’,

Thomas Stockner?

TInstitute of Biophysics and Nanosystems Research,
Austrian Academy of Sciences, Graz, Austria, 2Institute

of Pharmacology, Medical University of Vienna, Vienna, Austria

General anesthetics are indispensible tools of daily surgery. Yet,
their molecular mode of action remains elusive. While one
school favors specific (direct) interactions with proteins of the
central nervous system, another school adheres to a nonspe-
cific modulation of biophysical membrane properties. One of the
strongest arguments against lipid theories is the absence of
stereo-specific effects in model membranes, as opposed to
their detection by electrophysiological measurements on ion-
channels. We have combined X-ray scattering and molecular
dynamics simulations on palmitoyl-oleoyl-phosphatidylcholine
bilayers with fluorescence microscopy on live cells to study the
effects of the stereoisomers of ketamine on membrane prop-
erties. We find significant effects of both enantiomers on the
distribution of lateral pressures at clinically relevant concentra-
tions, being more pronounced for S-(+)-ketamine. We further
calculated the effect of the lateral pressure profile changes on
the opening probability of an ion-channel using crystallographic
information. The observed channel inhibition compares
remarkably well with clinically observed effects of the enantio-
mers. We thus provide first evidence for a stereo-specific, but
indirect effect of general anesthetics on ion-channels.
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Dependence of gramicidin A channel lifetime

on membrane structure obtained from x-ray scattering
measurements

Horia I. Petrache

Department of Physics, Indiana University Purdue University
Indianapolis, IN 46202, USA

The activity of ion channels, in particular the lifetime of their
conducting (open) state depends on the physical properties
of lipid bilayers [1,2] which in turn depend on lipid headgroup

and acyl chain composition. In order to investigate this
dependence, we have performed measurements of gramici-
din A (gA) channel lifetimes in three different lipid series. In
each series, the lipid headgroups were phosphatidylcholine
(PC), phosphatidylethanolamine (PE), and phosphatidylser-
ine (PS), while the acyl chains consisted of symmetric
monounsaturated di(18:1), mixed (16:0)(18:1), and methyl-
ated di(16:0-4ME). In order to minimize the effect of
headgroup electrostatics, measurements where performed in
1M KCI salts. We show how gA lifetimes depend on head-
group and acyl chain composition and on structural
parameters determined by x-ray scattering. For the lipids
considered, gA lifetimes cover a range from 0.7 seconds in
the DOPE lipid to 18 seconds in DPhPS. In this range, we
find a Gaussian dependence of gA lifetime on bilayer thick-
ness, consistent with hydrophobic matching models. We
discuss different aspects of channel-lipid interactions and to
what extent measurements of gA lifetime in binary mixtures
are consistent with measurements in pure lipid systems. [1]
Rostovtseva et al., Biophys. J. 94, L23-25, 2008. [2] Lund-
baek et al., PNAS, 107, 15427-15430, 2010.
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Interaction between chlorogenic acid and model
membranes

Hanna Pruchnik, Dorota Bonarska-Kujawa, Sylwia Cyboran,
Halina Kleszczynska

Department of Physics and Biophysics, University

of Environmental and Life Science, Norwida 25/27, 50-375
Wroctaw, Poland

The aim of the studies was to determine the effect of chlor-
ogenic acid (CGA), which is the main constituent of plant
extracts, on properties of the model membranes. Its effect
was studied on temperature of the main phase transition of
various lipids with and without presence of cholesterol, using
the differential scanning calorimetry (DSC) method and the
fluorimetric method. In particular, the degree of packing order
of the hydrophilic phase of liposomes was determined using
the laurdan and prodan probes, and fluorescence anisotropy
of the hydrophobic phase with the probes DPH and TMA-
DPH. It had also been studied the effect of chlorogenic acid
on the structure and capacity of black lipid membranes
(BLMs), formed of egg lecithin and lipids extracted from
erythrocytes.

The results obtained indicate that CGA lowers the main
phase transition temperature slightly, without changing the
fluorescence anisotropy in the hydrophobic part of the bilyer,
and causes a decease in the packing order of the hydrophilic
phase. By monitoring the capacity during BLM formation we
have found that the presence of chlorogenic acid accelerates
the process of lipid self-organization into a bilayer, and
increases stability and life of the BLMs. However, the was no
effect of CGA on specific capacity of the membranes, and
thus on thickness of the liposome membrane hydrophobic
layer.

This work was sponsored by the Ministry of Science and
Education, scientific project no. N N312 422340 and N N304
173840.
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Networking of sterols in lipid bilayers

C. Millan-Pacheco', H. Saint-Martin®, A.H. De Vries®,

. Ortega-Blake?

"Universidad Auténoma Metropolitana, Mexico City, Mexico,
2Universidad Nacional Auténoma de Mexico, Cuernavaca,
Morelos, Mexico, 3Rijksuniversiteit Groningen, Groningen,
The Netherlands

Many examples have recently been found where biological
processes in the lipid bilayer are affected by the changes in
the physicochemical properties of the membrane, e.g. the
local curvature, the membrane tension and certainly the
membrane structure. It has been shown that the activity of
polyene antibiotics is strongly correlated to the phase dia-
gram in a membrane composed of a mixture of POPC and
ergosterol or cholesterol (J/ Membrane Biol, 237:41-49,
(2010)). It is known that polyene action is quite sensitive to
the type of sterol in the membrane, which enables its medical
use, mainly as antifungals. It has been proposed that this
selectivity of the drug to fungi is related to structure modu-
lation by the sterols (see for example, Biophys. J., 85, 2323,
(2003)) and therefore the correlation found could be due to
structural differences between POPC/ergosterol and POPC/
cholesterol along the corresponding phase diagrams. To
investigate this, Molecular Dynamics simulations of the
above mixtures along their phase diagrams were performed.
It was found that there are indeed marked differences in
structure along the phase diagrams, but for the sterol-sterol
distribution function. An analysis of the behavior of this
observable and the implications on polyene action is
discussed.
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Acyl transfer from lipids without enzyme catalysis: a new
paradigm for membrane protein ageing?

John Sanderson, Catherine Pridmore, Jackie Mosely,

Paul Yeo

Durham University, Department of Chemistry, Durham, UK

Membrane proteins are recycled in cellulo with half-lives
ranging from minutes to days. In other systems, such as
enveloped viruses, proteins may equally remain membrane-
bound for periods of days. It is therefore of interest to
examine the behaviour of proteins in model membranes over
extended periods in order to determine the long-term stability
of the mixed systems, both in kinetic terms (attainment of
equilibrium states) and chemical terms (reactivity). The
reactivity of proteins towards membranes has been exam-
ined using the peptide melittin as a model for membrane
proteins. Acyl transfer from phospholipids to the peptide was
found to occur over a period of several days, in the absence
of any enzyme catalysis. Transfer was detectable after 2
days and reached 50% conversion in 8 days. Using tandem
mass spectrometry approaches, the sites of melittin modifi-
cation were localised. These sites included the side chain of
lysine, opening the possibility that this residue may be
modified in any membrane protein where this residue has an
appropriate disposition. These observations challenge pre-
conceptions concerning the membrane as an inert medium
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and highlight potential new mechanisms for membrane pro-
tein ageing.
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Interaction of poly(L-arginine) with negatively charged
bilayers studied by FT-IR spectroscopy

Christian Schwieger, Alfred Blume
Martin-Luther-University, Halle-Wittenberg, Institute

of Chemistry, van-Dankelman-Platz 3, 06108 Halle / Saale,
Germany

E-mail: christian.schwieger@chemie.uni-halle.de

Oligoarginine residues attached to macromolecules are known
to facilitate the transport through lipid membranes. Since the
mechanism of this transport is still unclear, the effect is often
called “arginine magic”. We studied the interaction of poly(L-
arginine) (PLA) of different molecular weight with negatively
charged lipid bilayers. We have shown by calorimetric and
monolayer techniques that the interaction is due to a combina-
tion of electrostatic and hydrophobic forces. Now we present an
FT-IR spectroscopic study to reveal the effect of PLA binding on
membrane organisation and peptide conformation. We will
show that PLA binding reduces the lipid miscibility of negatively
charged (PG or PA) and zwitterionic (PC) lipids within the
bilayer. From the shift of the C=0 stretching vibration we deduce
that arginine side chains penetrate into the hydrophobic/
hydrophilic interface and replace hydration water molecules.
The binding reduces the rotational freedom of the lipid mole-
cules, as could be shown by an analysis of the CH,-streching
vibrations. PLA binds in a -sheet conformation to PG or PA gel
phase membranes whereas its structure in bulk is random coil.
The shift of the guanidyl vibration frequencies shows that also
hydrogen bonds contribute to the PLA —lipid interactions.
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Neutron scattering studies of model membrane

as a function of hydration and temperature

Federica Sebastiani'-?, Alessandra Filabozzi' and Giovanna
Fragneto®

"Dipartimento di Fisica, Universita degli Studi di Roma “Tor
Vergata”, Roma, Italy, 2Institut Laue-Langevin, Grenoble,
France

Cell membranes carry out highly specialised functions in
living materials. The composition of bacterial membranes is
essential to understand the mechanism of action of antimi-
crobial peptides. In order to understand the role of the
various components contributing to the overall behaviour, we
have reproduced the membrane of Bacillus Subtilis and
carried out neutron diffraction studies on D16 (small
momentum-transfer diffractometer) and D17 (reflectometer
used as a diffractometer), at ILL. An ordered and homoge-
neous sample has been obtained by using the widely studied
DMPC. The measured d-spacing of DMPC as a function of
the relative humidity (RH) is related to the physical and
chemical conditions affecting the sample. Consequently the
reliability of the humidity chamber, which has been previously
upgraded, has been stated. Moreover, the most suitable
preparation technique has been set up.
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In order to investigate the component roles within Bacillus
Subtilis membrane, three samples of phospholipids were
prepared (with POPE, POPG and cardiolipin). Neutron dif-
fraction measurements, performed at controlled RH and
temperature, suggested the presence of interesting phase
transitions or coexistence of phases.
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The rupture of membrane vesicles near solid surfaces
Annamaria Takats-Nyeste, Imre Derényi
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Budapest Pazmany P. stny. 1/A, Hungary

The behavior of lipid membranes near solid surfaces has a
great significance both in medicine and in technology. In spite
of the widespread use and study of such membrane phe-
nomena, their theoretical analysis is rather scarce. Our main
goal here is to understand the process during which mem-
brane vesicles first adhere to solid surfaces, then rupture (or
go through a series of transient ruptures) due to the
mechanical tension induced by the adhesion, and finally
spread along the surface forming a supported lipid bilayer. In
our theoretical description we simultaneously consider the
dynamics of spontaneous pore opening and closing; volume
loss via leakage through the pores; and the advancement of
the adhesion front. All these processes are supposed to
follow an overdamped dynamics and coupled to each other
through membrane tension.

Our numerical simulations reveal that the rupture process
consists of three well distinguishable phases: a fast initial
volume loss; followed by a slow volume loss; ending with a
final burst and surface spreading. The second phase can be
skipped if either the first phase advances far enough or the
third phase sets in early enough. The smaller the vesicle, the
further the first phase can advance. The third phase can start
earlier if either the surface is smooth enough, or the adhesion
energy is large enough, or the line tension is small enough.
When the second phase is not skipped the time needed for
the rupture process can take very long with a large variance.
In the realistic range of the material properties (line tension,
bending rigidity) the process is qualitatively always the same,
so the most decisive parameter remains the size of the
vesicle: the smaller the vesicle the faster and easier it
ruptures.
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Liposomal delivery of antituberculotics
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Liposomes are applied to targeted drug delivery. Liposome-
incorporated drugs have less side effects. Tuberculosis is
caused by Mycobacterium tuberculosis. The bacteria
can survive in macrophages. The aim was to develop lipo-
somal drugs against TB. We made liposomes from
diphalmitoil-phoshpatidylcholine (DPPC), or from dioleoyl-

phosphatidyletanolamine (DOPE), cholesteryl hemisuccinate
(CHEMS) and polyethilene-glycol releated distearoylpho-
sphatidyl-ethanolamine (DSPE-PEG). We measured the size
of liposomes with dynamic light scattering on the formulation
day, than 2 and 7 days later. Samples were stored at 4 and
20 °C. We used isoniazid (INH) and peptide conjugated INHs
as antituberculotics. We measured the drug encapsulation
with fluorescence anisotropy. The liposomal drugs’ in vitro
activity was determined on Mycobacterium tuberculosis
Hs7Rv culture and on Mycobacterium tuberculosis Hs7Rv
infected MonoMac6 human monocyte culture. The DPPC
liposomes showed significant aggregation both at 4 and 20
°C. Neither the empty, nor the INH-containing DOPE:-
CHEMS:DSPE-PEG liposomes aggregated in 7 days. The
INH and the peptide conjugated INH were encapsulated in
both type of liposomes. Both liposomal drugs were effective
in vitro on the bacterial culture and on the infected monocyte
culture.
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Direct observation of the effect of plant polyphenols
on lipid domains in giant unilamellar vesicles
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Giant unilamellar vesicles (GUVs) produced by electrofor-
mation possess an average diameter of 30 - 50 um and can
be directly observed under fluorescence microscope if
formed from a lipid-fluorescent label mixture. In the present
study we used confocal microscopy technique to observe the
morphology of lipid domains in GUVs prepared from ternary
lipid mixture DOPC:cholestrol:sphingomyelin (1:1:1) and
labeled with carbocyanine fluorescent probe (DilC5(3)). We
chose four plant-derived polyphenols (flavonoids and stilb-
enes) of documented biological activity to study their
influence on lipid domain number, area, shape, and border-
length. We found that resveratrol elevated the number of
domains per vesicle, decreased their area and markedly
increased the total length of domain border without affecting
domains’ circular shape. Surprisingly, no such effect was
observed for piceatannol differing from resveratrol by one
hydroxyl group only. Neither genistein nor 8-prenylnaringenin
changed the morphology of lipid domains significantly. The
possible mechanism of resveratrol-induced effect on lipid
domains’ morphology could be its selective accumulation in
the interfacial regions between liquid ordered and liquid dis-
ordered domains.
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Putative cholesterol recognition amino acid consensus
(CRAC) motif in HIV coreceptors CXCR4 and CCR5
Mikhail A. Zhukovsky, Albrecht Ott

Biological Experimental Physics Department, Saarland
University, 66041 Saarbruecken, Germany

We identified a cholesterol recognition amino acid consen-
sus (CRAC) motif in transmembrane domain 5 (TMD5) of
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two G protein-coupled receptors (GPCRs), human chemo-
kine receptors CXCR4 and CCRS5, coreceptors of human
immunodeficiency virus (HIV). We suggest that residues
belonging to this CRAC motif are involved in cholesterol
binding to CXCR4 and CCRS5 that is responsible for cho-
lesterol requirement for CXCR4 and CCR5 conformation
and function and for the role that cell cholesterol plays in the
cell entry of CXCR4-using and CCR5-using HIV strains.
Putative CRAC sequences involve residues V/2'4/216-y21S.
K?2® in CXCR4 and L2%8\209\v2"1.y214.K219 jn CCRS. In
CXCR4, CRAC motif is highly conserved across Chordata
species, whereas in CCR5, CRAC motif is less conserved.
Moreover, we identified CRAC motifs in TMD5 in 16 of 20
human chemokine receptors. In [Md. Jafurulla et al., Bio-
chem. Biophys. Res. Commun. (2011), 404: 569] CRAC
motifs in TMD5 of two other GPCRs were recently identified.
CRAC motifs in these GPCRs, as putative CRAC maotifs in
CXCR4 and CCRS, include tyrosine residue that is highly
conserved among GPCRs. This tyrosine is located close to
the third intracellular loop, i. e., close to the membrane
interface, as can be expected for an effective association
with cholesterol.

Conformational dynamics, folding and IDP
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Wide-line NMR and relaxation characterization

of interfacial water in protein solutions
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"H NMR FID, echoes, and relaxation times (T4 and T,) were
measured at 82.55 MHz, at -70°C to +40°C, for lyophilized
proteins, aqueous and buffered protein solutions. Examples
for BSA, UBQ, ERD10, and WT a-synuclein and bird eye
lenses are given. The melting of hydration water could be
detected well below 0°C and the quantity of mobile water
molecules (hydration, h vs. T) was measured. The h vs.
Tcurves inform on the bonding character between the protein
surfaces and H,0O. The magnitudes and the slope of the h vs.
T curve describe quantitatively the interfacial landscape
around the protein molecules and can be used for the dis-
tinction between the globular and IDP states. The behavior of
the T4 and T, data showed that there are two reorientation
types present for every protein solutions below 0°C, irre-
spective for the nature of the protein or the solvent
composition. Local field fluctuation and the BPP models were
applied, which failed for the buffered protein solutions and for
the IDPs dissolved in water. A main cause of the failure is the
changing h in the analyzed temperature range. This case is
valid for the solutions of IDPs and for buffered solutions of
both protein types. Another cause can be the active
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relaxation channels other than dipolar when ions of quadru-
polar nuclei are present.
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Multinuclear NMR in buffered aqueous solutions

of a-synuclein mutants

P. Matus', M. Bokor', P. Tompa?, E. Hazy?, K. Tompa'
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Hungary, 2Institute of Enzymology, Biological Research
Center, Hungarian Academy of Sciences, POB. 7, 1518
Budapest, Hungary

'H, 2Na and 3°CI nuclear magnetic resonance (NMR) free
induction decay (FID) signals have been investigated in buf-
fered wild-type (WT) and A30P «-synuclein protein solutions
and in the solvent itself containing NaCl. The experiments have
been carried out by Bruker SXP 100 and AVANCE Il spec-
trometers at Larmor frequencies 82.1 MHz ('H), 89.3 MHz
(**Na) and 33.1 MHz (3®Cl) in the temperature range of -150°C
and 30°C. Below 0°C, the melting of hydration is followed by
the broadening of the line width of all the three nuclei. The
motional narrowing of the NMR spectra of the quadrupolar
nuclei (**Na, 3°Cl) is the consequence of the molecular motion
of water molecules and the interaction of protein surface with
sodium and chloride ions on a molecular level.
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Calcium-induced structural, hydration and valence
changes of intrinsically disordered RTX proteins

Ana Cristina Sotomayor Pérez, Johanna C. Karst, Marilyne
Davi, Daniel Ladant and Alexandre Chenal
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Ligand-induced disorder-to-order transition plays a key role
in the biological functions of many proteins that contain
intrinsically disordered regions. This trait is exhibited by RTX
(Repeat in ToXin) motifs found in more than 250 virulence
factors secreted by Gram-negative pathogenic bacteria. We
investigated several CyaA RTX polypeptides of different
lengths ranging from 111 to 706 residues. We showed that
the RTX proteins exhibit the hallmarks of intrinsically disor-
dered proteins in the absence of calcium: they adopt pre-
molten globule conformations and exhibit a strong time-
averaged apparent hydration, due in part to the internal
electrostatic repulsions between negatively charged resi-
dues, as revealed by the high mean net charge. Calcium
binding triggers a strong reduction of the mean net charge,
dehydration and compaction, folding and stabilization of
secondary and tertiary structures of the RTX proteins. We
propose that the intrinsically disordered character of the RTX
proteins may facilitate the uptake and secretion of virulence
factors through the bacterial secretion machinery. These
results support the hypothesis that the folding reaction is
achieved upon protein secretion and, in the case of proteins
containing RTX motifs, could be finely regulated by the cal-
cium gradient across bacterial cell wall.
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C-terminal conformation changes of alpha-synuclein
upon Al-induced oligomerization

Manli Deng and Yves Engelborghs
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Leuven, Leuven, Belgium

Occupational exposure to heavy metals has been recog-
nized to be a risk factor for Parkinson’s Disease via metal-
triggered deposition of alpha-synuclein (2S)"2. In the
present work, APt induced conformational change and
instant oligomerization of oS have been studied using
FRET and FCS as main techniques. Donor and acceptor
were labeled in the C-terminal at positions A107C and
A140C. The average lifetime of donor in the presence of
acceptor increases with the increase of A3 concentration,
indicating «S adopts a more extended conformation upon AI**+
binding. The intrinsic Tyr fluorescence rises sharply within the
mixing dead time, reflecting an enhanced hydrophobicity of the
Tyr environment and a fast conformational change of aS. A"
also induces an immediate oligomerization of «S as monitored
by FCS. The diffusion coefficient of oS changes from 85 + 5
um?/s as monomer state to 23 + 5 um?/s as oligomer state. The
oligomerization is supposed to be induced by the ligand bridging
of trivalent Al ions.

1. Rybicki, B. A.; Johnson, C. C.; Uman, J.; Gorell, J. M.
Mov Disord 1993, 8, 87-92.

2. Uversky, V. N,; Li, J.; Fink, A. L. J.Biol.Chem. 2001, 276,
44284-44296.
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Using neutron scattering to investigate unfolded
intermediates of ribonuclease A
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Ribonuclease A (RNase) is a well studied enzyme, catalyz-
ing the degradation of RNA. As it provides a reversible
transition following a distinct unfolding pathway, RNase A
serves as a model system to investigate large scale thermal
fluctuations inside the protein. This is one way to explore the
energy landscape at a given equilibrium state and will show
us possible rearrangements of biological relevant confor-
mations as well as local stable conformations. By changing
environmental parameters such as temperature, pH and
solvent conditions, the level of energy can be varied.

We are investigating bovine pancreatic RNase A under dif-
ferent denaturation conditions using mainly small angle
neutron scattering and neutron spin echo spectroscopy.
Combining such techniques provides a unique tool to study
the structural arrangement of proteins in solution and their
dynamical properties. Large scale fluctuations of protein
domains can be accessed as these techniques are sensitive
to the structure and to collective dynamics. Using additional
techniques, such as circular dichroism spectroscopy gives
further insight into the secondary structure and how it
responds to changes in temperature.
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Fuzziness in protein-DNA interactions: beyond what can
be seen

Monika Fuxreiter

Institute of Enzymology, BRC, Hungarian Academy

of Sciences, Hungary

Traditionally, specific DNA recognition is based on static
contacts with the bases or phosphates. Residues far outside
the binding context, however, can critically influence selec-
tivity or binding affinity via transient, dynamic interactions
with the DNA binding interface. The corresponding regions
are usually intrinsically disordered (ID), which preserve their
conformational freedom even when bound to DNA. There are
four possible scenarios how distant ID segments impact DNA
binding. They modulate i) conformational preferences, ii)
flexibility or iii) spacing of the DNA binding motif(s) or iv)
serve as competitive partners. Despite their low sequence
similarity, the ID regions are often conserved at the structural
level in families of orthologous proteins. Fuzzy protein-DNA
complexes offer a variety of regulatory pathways via protein—
protein interactions, post-translational modifications or alter-
native splicing in response to cellular cues.

P-652

Understanding the plasticity of c-Src tyrosine kinase
through very long molecular dynamics simulations

and experimentally validated free energy calculations.
R. Boubeva', A. Cristiani', L. Pernot', R. Perozzo', L. Sutto?,
L. Scapozza', Francesco L. Gervasio®*
"School of Pharmaceutical Sciences, University of Geneva,
Quai Ernest-Ansermet 30, Geneve, CH-1211, Switzerland,
2Spanish National Cancer Research Centre (CNIO), Calle
Melchor Fernandez Almagro, 3, Madrid, E-29028, Spain,
*E-mail: flgervasio@cnio.es

Nearly 2% of human genes encode protein-kinases (PK),
enzymes involved in cellular signaling and several other vital
biochemical functions, which transfer phosphate groups from
ATP to specific target molecules, modifying their activity.[1]
Deregulated PK have been linked to numerous diseases
including cancer and diabetes, making them attractive tar-
gets for drug design.[2] Conformational transitions play a
central role in regulating the phosphorylation activity. PK
adopt an on state that is maximally active and one or more
inactive states that shows minimal activity.[3] The similarity of
the relatively rigid and largely conserved ATP binding site
makes the design of selective inhibitors binding to the active
state very difficult. Indeed some of the best cancer therapies
available are based on inhibitors, as Imatinib, that bind to
inactive states peculiar to a small subset of PK (Abl, c-Kit and
PDGFR in the case on Imatinib). Thus, understanding the
atomic details of the active to inactive transitions in kinases
has a great importance. Here we study a particular active-to-
inactive transition of c-Src, a fundamental proto-oncogene
involved in cancer and metastasis, by using multi-microsec-
ond long fully solvated molecular dynamics simulations,
metadynamics and PTmetaD calculations [4,5]. The results,
validated by mutagenesis, x-ray crystallography and binding
kinetics, are suggestive of a functional role for the confor-
mational transition. Moreover, we were able to single out the
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most important residues affecting the conformational transi-
tion and to show that even a very conservative amino-acid
substitution can have a dramatic effect on the conformational
free energy landscape.

Manning, G., et al. Science 298, 1912 (2002)

Druker, B., Lydon, N. J Clin Invest 105, 3 (2000)

Huse, M. and Kuriyan J. Cell 109 275 (2002)

Bussi, G., et al. J. Am. Chem. Soc. 128 13435 (2006)
Laio, A., Gervasio, F.L. Rep Prog Phys 71 126601(2008)
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Folding rates studied by a combination of static

and time-resolved infrared spectroscopy

C. Krejtschi and K. Hauser

"Biophysical Chemistry, Department of Chemistry, University
of Konstanz, 78457 Konstanz, Germany

E-mail: Karin.Hauser@uni-konstanz.de

The time-scales of protein folding events range over many
orders of magnitude. In order to understand the complex
folding mechanisms, peptides with well-defined secondary
structure are often used as model systems as they may be
regarded as smallest folding units of proteins. The formation
of secondary structure elements occur on the nanosecond
to low microsecond time scale. Thus, stopped-flow tech-
niques are too slow whereas pulsed laser techniques are
capable to trigger folding processes in nanoseconds and to
analyze faster folding events. We study ns-to-us peptide
dynamics by temperature-jump infrared spectroscopy. After
initiation of a nanosecond temperature jump, the spectral
response is monitored at single wavelengths in the amide |
region reflecting the dynamics of the peptide backbone.
Relaxation rates are obtained. The helix-to-coil relaxation of
polyglutamic acid is a multi-step process and requires more
complex models than two-state kinetics. However, there are
kinetic steps that are well described by single-exponential
behavior and a two-state model. We demonstrate how
equilibrium and time-resolved infrared spectroscopic data
can be combined to deduce folding rates.

P-654

Protein unfolding and refolding by multidimensional
spectroscopy

Sebastian Fiedler, Sandro Keller

Molecular Biophysics, University of Kaiserslautern, Erwin-
Schrédinger-Str. 13, 67663 Kaiserslautern, Germany

Unfolding and refolding studies using chemical denaturants
have contributed tremendously to our understanding of the
thermodynamics and kinetics of protein folding and sta-
bility. However, a major limitation of this approach lies in
the large uncertainty inherent in the extrapolation of the
free energy of unfolding in the absence of denaturant from
free energy values measured at finite denaturant
concentrations.

Here we show that this limitation can be overcome by com-
bining multiple spectroscopic signals—including fluores-
cence, circular dichroism, and absorbance—recorded in a
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quasi-simultaneous and fully automated way at different
wavelengths. We have optimised the number of wavelength
values used, the integration time per data point, the increment
in the denaturant concentration, and the weighting scheme
applied for global data fitting. Compared with the traditional
approach based on the use of a single or a few wavelengths,
we could thus improve the precision of the free energy value by
an order of magnitude. We exemplify and validate this novel
approach using representative, well-studied globular proteins
and explain how it can be exploited to quantify subtle changes
in membrane-protein stability which have thus far remained
elusive.
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Kinetic effect of Hofmeister ions on the photocycle

of photoactive yellow protein

Petro Khoroshyy, Andras Dér and Laszlé Zimanyi

Institute of Biophysics, Biological Research Centre

of the Hungarian Academy of Sciences, Szeged, Hungary

Photoactive yellow protein (PYP) is a water-soluble photo-
sensor protein in purple photosynthetic bacteria with a
covalently bound p-coumaric acid chromophore. Light
absorption initiates a photocycle with chromophore isomeri-
zation, transient protonation and conformational changes of
various magnitude. The formation and decay of the con-
secutive photocycle intermediates of Halorhodospira
halophila PYP after an actinic laser pulse were followed with
time-resolved near UV - visible multichannel absorption
spectroscopy in the 100 nanosecond — seconds range in
buffers containing either NaF, NaCl or NaClO, in 0.66 M
concentration at pH 8.2. Hofmeister salts — originally classi-
fied based on their salting-out or salting-in effects — influence
the conformational stability of proteins. We have analyzed
the spectrotemporal matrices obtained in different salts with
the method Singular Value Decomposition with Exponential
Fit Assisted Self-Modeling (SVD-EFASM') and investigated
the correlation of the Hofmeister salt-dependence of various
rate constants of the PYP photocycle with the structural
model of the protein’s function.

[11 Zimanyi, L. 2004. J. Phys. Chem. B 108:4199-4209.

Supported by the Hungary-Romania Cross Border Cooper-
ation Program of the EU, grant HURO/0901/219.
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A model with two elastically coupled reaction
coordinates for the internal friction of proteins
Norbert Orgovan, Anna A. Rauscher, Andras Malnasi-
Csizmadia, Imre Derenyi

Department of Biological Physics, Eotvos University,
Budapest, Hungary

The rates of protein conformational changes are usually not
only limited by external but also internal friction, however,
the origin and significance of this latter phenomenon is
poorly understood. It is often found experimentally that a
linear fit to the reciprocal of the reaction rate as a function
of the viscosity of the external medium has a non-zero
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value at zero viscosity, signifying the presence of internal
friction. Furthermore, some of the experiments performed at
different temperatures indicate that the internal friction fol-
lows an Arrhenius-like temperature dependence. To explain
these phenomena we suggest a simple model for protein
conformational changes in terms of two elastically coupled
reaction coordinates, one of which being in contact with the
external medium, and the other one experiencing the rough
energy landscape of the protein. Our analytical calculations,
supplemented with numerical simulations demonstrate that
depending on the coupling strength (which is related to the
flexibility of the protein) the short-wavelength components of
the energy landscape roughness can be observed as an
increased apparent internal friction with an apparent acti-
vation energy.

0-659

Probing cavities in SNase structure: a high pressure
NMR study

Roche Julien', Jose A. Caro?, Garcia E. Angel®, Garcia-
Moreno Bertrand?, Royer A. Catherine', Roumestand
Christian’

"Centre de Biochimie Structurale, INSERM UMR 1054,
CNRS UMR 5048, Université de Montpellier, Montpellier,
France, °T. C. Jenkins Department of Biophysics, The Johns
Hopkins University, Baltimore, Maryland, USA, *Department
of Physics, Applied Physics and Astronomy,

Rensselear Polytechnic Institute, Troy, USA

E-mail: roche@cbs.cnrs.fr; roumestand@cbs.cnrs.fr;
royer@cbs.cnrs.fr; jcaro2@jhu.edu; bertrand@jhu.edu;
angel@rpi.edu

Since Bridgman seminal experiments on high-pressure
denaturation of albumen in 1914, the physical basis of
pressure unfolding is still largely unknown. We report here a
specific study of cavities contributions to the volume differ-
ence between unfolded and folded states (AV,), using four
single point mutants of Staphylococcus nuclease (SNase).
Each mutation is localised in a strategic position on the
protein structure and was designed to change a large buried
hydrophobic side chain into alanine, thus opening tunable
cavities in the SNase 3D structure.

Measuring HSQCs peaks intensities up to 2500 bar moni-
tored the equilibrium high pressure unfolding and leads us to
precise estimations of AV,, for more than two-thirds of the 143
residues of each mutant. SO-FAST HMQC experiments?
were also performed to measure folding and unfolding rates
from 200 bar pressure jumps. High-pressure fluorescence
experiments were done on six additional alanine mutants to
complement the NMR study, allowing a more complete
exploration of the local pressure sensitivity along the protein
3D structure. All these highly reliable measurements shed
light on the real signification of the thermodynamic parameter
AVu, and bring an unprecedented complex and heteroge-
neous picture at a residue level of the apparent two-state
folding process of SNase.

1. Bridgman, P. W. J. Biol. Chem. 1914. 19, 511-512
2. Shanda P., Kupce E. Brutscher B. J. Biomol. NMR. 2006.
33, 199-211
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Differential hydration, void volume: which factor
provides the main contribution to AV,?

Roche Julien!, Rouget Jean-Baptiste®, Jose A. Caro?, Aksel
Tural?, Barrick Doug?, Garcia E. Angel®, Garcia-Moreno
Bertrand?, Roumestand Christian’, Royer A. Catherine'
"Centre de Biochimie Structurale, INSERM UMR 1054,
CNRS UMR 5048, Université de Montpellier, Montpellier,
France, 2T. C. Jenkins Department of Biophysics, The Johns
Hopkins University, Baltimore, Maryland, USA, *Department
of Physics, Applied Physics and Astronomy, Rensselear
Polytechnic Institute, Troy, USA, E-mail: roche@cbs.cnrs.fr;
rouget@cbs.cnrs.fr; roumestand@cbs.cnrs.fr;
royer@cbs.cnrs.fr; tural@jhu.edu; jcaro2@jhu.edu;
barrick@jhu.edu; bertrand@jhu.edu; angel@rpi.edu

Determination of contributing factors to the volume change
magnitude between unfolded and folded states (AV,) is a long-
standing question in the high-pressure field. We provide here
new experimental and computational data using two well-
characterized model proteins: Notch ankyrin repeat domain
(Nank) and Staphylococcal nuclease (SNase). The repetitive
nature of the Nank protein was used to study influence of the
protein size on AV, in a systematic way with a set of deletion
mutants. High-pressure fluorescence data provided new evi-
dences that neither peptide bonds hydration nor side chains
differential hydration could be considered as major contributor
to the measured AV, value. Additional molecular dynamics
(MD) simulations rather suggested that the heterogeneous
distribution of void volume in the folded states structures could
explain the AV, variations among the Nank deletion mutants.
The specific issue of the void volume contribution to AV, val-
ues was studied using 10 cavity mutants in SNase, allowing a
large structural mapping of the alanine mutations on this
globular protein. Combination of X-ray crystallography, high-
pressure fluorescence, high-pressure NMR and MD simula-
tions provided a first clear determination of the void volume
contribution to the AV, values. These results also bring an
unprecedented complex and heterogeneous picture at a resi-
due level of the apparent two-state folding process of SNase.
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Lactoferrin: dynamics of a flexible protein in solution
revealed by neutron scattering

Clemens Sill", Ralf Biehl', Bernd Hoffmann?, Dieter Richter"
"Jiilich Centre for Neutron Science JCNS (JCNS-1) &
Institute for Complex Systems: Neutron Scattering (ICS-1),
Forschungszentrum Jiilich, 52425 Jiilich, Germany, ?Institute
for Complex Systems: Biomechanics (ICS-7),
Forschungszentrum Jiilich, 52425 Jiilich, Germany

The understanding of the functionality of proteins started with
a rigid model, namely the Lock and Key analogy, in 1894.
Meanwhile, a more dynamic and flexible picture of these
macromolecules has evolved to explain protein function like
catalyzing biochemical reactions, transport, regulation, stor-
age or defensive tasks. The importance of thermodynamically
driven, internal motions for the functioning of proteins is
subject of ongoing research.

We will present recent investigations of protein dynamics on
Lactoferrin, a protein with antimicrobial activity which is part
of the innate immune system. It consists of two binding sites,
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each is capable of binding and releasing one iron ion. The
crystallographic structures show that the binding sites have
open and closed conformations, assumedly depending on
the presence of iron (Andersen et al., Nature, 1990).

We are analyzing the internal dynamics of different binding
states to elucidate of the binding mechanism with neutron
scattering. Our unique method includes large scale structural
characterization with small angle neutron scattering and the
observation of internal motions of subdomains with neutron
spin echo spectroscopy on nanosecond scale. This way we
are able to clarify the link between binding mechanism and
conformational change.

P-663

Comparison of the pressure- and temperature-
dependent behavior of the ordered and disordered
regions of titin

J. Somkuti, Z. Martonfalvi, M.S.Z. Kellermayer, L. Smeller
Dept. Biophysics and Radiation Biology, Semmelweis
University, Budapest, Hungary

Titin is a giant protein responsible for striated-muscle elas-
ticity. It contains a series of ordered domains and a large
disordered segment called the PEVK domain. The ordered
domains belong to the immunoglobulin (Ig) type C2 and
fibronectin (FN) type Ill superfamilies. The disordered PEVK
domain is named after the residues proline, glutamate, valine
and lysine which provide the majority of its constituents.
We expressed an Ig domain (127) and a 170-residue-long
fragment of the PEVK domain in order to investigate the
effect of temperature and pressure on their conformation.
FTIR spectroscopy is a useful method for investigating the
secondary structure of proteins. We analyzed the amide |
band to obtain information on protein structure. Fluorescence
labeling was also used in some experiments. To generate
high pressures, a diamond anvil cell was employed.

The FTIR and fluorescence spectra of the protein fragments
were recorded across the pressure and temperature ranges
of 0-1 GPa and 0-100 °C, respectively. Moderate changes
were observed in the conformation of the PEVK fragments in
the explored range of the T-p plane, suggesting that the
domain is a highly flexible, random-coil across the entire
studied T-p range. By contrast, the 127 domain showed quite
stable secondary structure.

P-664

Impact of variable DMSO additives on the catalytic
and calorimetric performance of a-chymotrypsin
Tatyana Tretyakova, Mikheil Shushanyan, Maya
Makharadze, Tamar Partskhaladze, Dimitri E. Khoshtariya
and Rudi van Eldik

LEPL Life Science Research Centre, 0160, Tbilisi, Georgia,
Institute for Biophysics and Bionanosciences, Department
of Physics, I. Javakhisvili Thilisi State University, 0128,
Thilisi,Georgia, Department of Chemistry and Pharmacy,
University of Erlangen-Niirnberg, 91058 Erlangen,
Germany

New insights in understanding of fundamental links between
proteins’ stability, conformational flexibility and function can

@ Springer

be gained through altering protein’s thermodynamic and
dynamic properties. In the present work an impact of non-
specific moderate denaturant, dimethylsulphoxide, DMSO,
on the kinetic (functional) and thermodynamic (thermal sta-
bility) patterns of a hydrolytic enzyme, a«-chymotrypsin («-CT)
has been investigated. For the «-CT-catalysed process of
ATEE hydrolysis, within the DMSO concentration range of
0-25% VIV we observed increase of the Michaelis constant
(Km) whereas the catalytic constant (ki) remained
unchanged. These observations indicate on a preservation of
the protein’s active conformation accompanied by increase
of the conformational flexibility of its active centre. In the
presence of similar DMSO concentrations microcalorimetric
data reflecting the «-CT thermal denaturation clearly point to
the stability increase of the protein’s compact part. Sub-
sequent increase of the DMSO concentration leads to the
protein’s global destabilization, however the enzymatic
hydrolysis process still obeys the Michaelis-Menten pattern,
indicating about the involvement of the molten-globule-like
state of o-CT.
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How scarce sequence elements control the function

of single R-thymosin/WH2 domains in actin assembly
Dominique Didry?, Francois-Xavier Cantrelle’, Clotilde
Husson?, Pierre Roblin®3, Anna M. Eswara Moorthy?, Javier
Perez®, Christophe Le Clainche?, Maud Hertzog?, Eric
Guittet', Marie-France Carlier?, Louis Renault? and Carine
van Heijenoort’

Laboratoire de Chimie et Biologie Structurales, FRC 3115
ICSN-CNRS, 91198 Gif-sur-Yvette, France, 2Cytoskeleton
Dynamics and Motility, FRC 3115 LEBS-CNRS, 91198 Gif-
sur-Yvette, France, 3Synchrotron SOLEIL, BP 48 Saint
Aubin, 91192 Gif-sur-Yvette, France

p-thymosin (RT) and WH2 domains are widespread, intrin-
sically disordered, proteins that fold upon binding actin. They
display significant sequence variability associated to versa-
tile regulations of actin assembly in motile processes. Here
we reveal the structural basis by which, in their basic 1:1
stoichiometric complexes with actin, they either inhibit
assembly by sequestering actin monomers (Thymosin-34),
or enhance motility by directing polarized filament assembly
(Ciboulot BT or WASP/WAVE WH2 domains).

We combined mutational, functional, and structural analysis
by X-ray crystallography, SAXS and NMR on Thymosin-34,
Ciboulot and the WH2 domain of WASP-interacting protein
(WIP). Functionally different RT/WH2 domains do not tar-
get alternative actin binding sites but rather differ by alternative
dynamics of their C-terminal half interactions with G-actin
pointed face. The interaction dynamics largely depends on the
strength of electrostatic interactions of a single residue along
their sequence. The results open perspectives for elucidating
the functions of RT/WH2 domains in other modular proteins and
enlighten how intrinsic structural disorder can lead to a novel
mode of functional versatility.
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Interfacial water in g-casein molecular surfaces: wide-line
NMR, relax?tion and E:SC characte;rization ) )
T. Verebélyi', M. Bokor’, P. Kamasa', P. Tompa“, K. Tompa
Research Institute for Solid State Physics and Optics,
Hungarian Academy of Sciences, POB. 49, 1525
Budapest Hungary, 2Institute of Enzymology, Biological
Research Center, Hungarian Academy of Sciences, POB. 7,
1518 Budapest, Hungary

Wide-line proton NMR FID, echoes, spin-lattice and spin-spin
relaxation times were measured at 82.55 MHz frequency in
the -70°C to +40°C temperature range, in lyophilized /-
casein and aqueous and buffered solutions, and DSC
method were also applied. The motivation for the selection of
p-casein is the uncertainty of structural order/disorder. Nat-
urally, the NMR and thermal characteristics were also
evaluated. The melting of hydration water could be detected
well below 0°C and the quantity of mobile water molecules
(hydration) was measured. The hydration vs. melting tem-
perature curve has informed us on the bonding character
between the protein surfaces and water molecules. The
generally used local field fluctuation model and the BPP
theory were applied in the interpretation, and the limits of the
models were concluded.
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Promiscuous liaisons: functional interactions

of intrinsically disordered proteins in biological
signaling

Peter E. Wright

Department of Molecular Biology, The Scripps Research
Institute, La Jolla, CA, USA

Intrinsically disordered proteins participate in important
regulatory functions in the cell, including regulation of
transcription, translation, the cell cycle, and numerous sig-
nal transduction events. Disordered proteins often undergo
coupled folding and binding transitions upon interaction
with their cellular targets. The lack of stable globular
structure can confer numerous functional advantages,
including, paradoxically, both binding promiscuity and high
specificity in target interactions. NMR is unique in being
able to provide detailed insights into the intrinsic confor-
mational preferences and dynamics of unfolded and partly
folded proteins, and into the mechanism of coupled folding
and binding. The function of intrinsically disordered protein
domains in transcriptional regulation and signaling will be
described, with particular reference to the general tran-
scriptional coactivators CBP and p300, the tumor
suppressor p53, and the adenovirus E1A oncoprotein. The
globular domains of CBP/p300 are targets for coupled
folding and binding of disordered transactivation motifs of
numerous transcription factors and viral oncogenes, which
compete for binding to limiting amounts of CBP/p300. Many
intrinsically disordered proteins contain multipartite inter-
action motifs that perform an essential function in the
integration of complex signaling networks. The role of
multipartite binding motifs and post translational modifica-
tions in regulation of p53-mediated signaling pathways will
be discussed.

Systemic and collective behavioural aspects
in biology

0-668

Vasculogenesis and collective movement of endothelial
cells

Andras Czirok

Dept of Biological Physics, Eotvos University, Budapest,
Hungary, Dept of Anatomy & Cell Biology, University

of Kansas Medical Center, Kansas City, USA

The early vascular network is one of the simplest functioning
organs in the embryo. Its formation involves only one cell type
and it can be readily observed and manipulated in avian
embryos or in vitro explants. The early vascular network of
warm-blooded vertebrates self-organizes by the collective
motility of cell streams, or multicellular “sprouts”. The elon-
gation of these future vascular network segments depends on
a continuous supply of cells, moving along the sprout towards
its tip. To understand the observed self-organization process,
we investigate computational models containing interactions
between adherent, polarized and self-propelled cells. By
comparing the simulations with data from in vivo or simplistic
in vitro experiments, we explore the role of active migration,
leader cells, invasion of the ECM, and cell guidance by mi-
cromechanical properties of adjacent cell surfaces.
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Isotopic dilution mass spectrometric transmembranar
transport study of amino acids in human erythrocytes
E. Horj', S. Neamtu?, M. Culea'

Babes-Bolyai University, 1 Kogélniceanu St., Cluj-Napoca,
400084, Romania, 2National Institute for Research
and Development of Isotopic and Molecular Technologies,
71-103 Donath St., 400293, Cluj-Napoca, Romania

A study of amino acid transmembranar transport in human red
cells is presented. An isotopic dilution GC/MS technique was
developed for in vitro transport study of leucine and glycine in
human erythrocytes. '®N-labeled glycine and '®N-leucine
were used as internal standards. The amino acids values
were calculated by using two different methods, by using
regression curves or the least squares method. The methods
were validated and good values were obtained for parameters
as linearity, precision and accuracy. Small values for both
amino acids transport were measured. Influences of param-
eters such as time, temperature and electromagnetic field on
transmembranar transport of amino acids were studied.

P-670

Logic estimation of the optimum source neutron energy
for BNCT of brain tumors

M.A. Dorrah, M.A. Kotb?, F.A. Gaber®, M.M. Mohammed?
and M.A. Abd Elwahab

"Nuclear Engineering; National Center of Nuclear Safety
and Radiation Control; Egypt Atomic Energy Authority,
2Bjo-Medical Physics Dept., Medical Research Institute;
Alexandria University, Alexandria, Egypt

Boron Neutron Capture Therapy (BNCT) is a promising
method for treating the highly fatal brain tumor; glioblastoma
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multiform. It is a binary modality; in which use is made of two
components simultaneously; viz. thermal neutrons and
Boron-10.

The biophysics of BNCT is very complicated; primarily due to
the complexity of element composition of the brain. Moreover;
numerous components contributes to the over all radiation
dose both to normal brain and to tumor. Simple algebraic
summation cannot be applied to these dose components,
since each component should at first be weighed by its rela-
tive biological effectiveness (RBE) value. Unfortunately, there
is no worldwide agreement on these RBE values.

Thermal neutrons were formerly employed for BNCT, but they
failed to prove therapeutic efficacy. Later on; epithermal neu-
trons were suggested proposing that they would be enough
thermalized while transporting in the brain tissues. However;
debate aroused regarding the optimum source neutrons
energy for treating brain tumors located at different depths in
brain. Insufficient knowledge regarding the RBE values of dif-
ferent BNCT dose components was a major obstacle.

A new concept was adopted for estimating the optimum source
neutrons energy appropriate for different circumstances of
BNCT. Four postulations on the optimum source neutrons
energy were worked out, almost entirely independent of the
RBE values of the different dose components. Four corre-
sponding condition on the optimum source neutrons energy
were deduced. An energy escalation study was carried out
investigating 65 different source neutron energies, between
0.01 eV and 13.2 MeV. MCNP4B Monte_Carlo neutron trans-
port code was utilized to study the behavior of these neutrons
in the brain. The deduced four conditions were applied to the
results. A source neutron energy range of few electron volts
(eV) to about 30 keV was estimated to be optimum for BNCT of
brain tumors located at different depths in brain.
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Simulation of mutation induction by inhaled radon
progenies in the bronchial epithelium

Baldzs G. Madas, Arpad Farkas and Imre Balashazy
Hungarian Academy of Sciences KFKI Atomic Energy
Research Institute, Konkoly-Thege Miklés at 29-33.,
Budapest, H-1121, Hungary

Radon is considered as the second most important cause of
lung cancer after smoking. To understand the mechanisms
leading from radon exposure to cancer formation is of crucial
importance. This study focuses on the description of muta-
tion induction by radon progenies in the bronchial epithelium.
Computational fluid and particle dynamics approach was
applied to determine the radio-aerosol deposition distribution
in the central airways. A numerical replica of a small fragment
of the bronchial epithelium was prepared based on experi-
mental data. Microdosimetric computations were performed
to quantify the cellular radiation burdens at the very site of
deposition accumulation. A mutagenesis model was applied
supposing that radiation induces DNA damages and
enhances the cell turnover rate.

The results show that both considered mutagenic effects of
densely ionising radiation contribute significantly to mutation
induction and mutation rate depends non-linearly on expo-
sure rate. Furthermore, simulations suggest that the local
maintenance capacity of the bronchial epithelium can be
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exhausted by chronic exposure to radon progenies with
activity concentration characteristic of some uranium mines.
The present work demonstrates possible applications of
numerical modelling in radon related carcinogenesis studies.
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On Future approaches to biophysics

Daniele Martin', Michael Ch. Michailov', Eva Neu', Ursula
Welscher", Joachim Milbradt'-2, Jakob Stigimayr'-, Klara-
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Garden, Univ. Erl.-Niirberg, Germany, 3Fac. Physics, TU
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& Vienna, Austria

Introduction: Globalization needs new organizational mod-
els also for biophysics. Reports on necessity of int. institutes
for biophysics (IIB) c/o int. universities (proposed by British
Nobel Laureate B.Russell) are given (Neu et al. Basic&Clin.
Pharm.&Tox. 17/S1,489-2010; J.Physiol.Sci. 59/S1,447/8-
2009; Eur.Biophys.J. 34/6,819-2005).

Conception: Proposals for EBSA-discussion: 1. Enlarge-
ment of Executive Committee by a. honorary & presidents
(permanent 1-3: moral support & 1-3 fixed term), b. Inter-
disciplinary commission: Scientists from biology, medicine,
physics, etc. (FEPS/IUPS, IUPHAR, IUPAB, etc). 2. Impli-
cation of interdisciplinary topics to ESBA/IUPAB congress-
programmes, 3. also for biophysical journals. 4. Organization
of common interdisciplinary sessions not only to biophysical,
but also to other congresses. 5. Co-operation between
ESBA/IUPAB with int. interdisciplinary organisations (WAAS,
ICSD/IAS, Eur. academies) for creation of //B by network of
national ones: Successive common personnel, possibility for
whole life work, etc.

Conclusion: Realization of proposals 1.-5. could increase
scientific/political authority of EBSA/IUPAB, leading to model
for renewal of scientific organizations, supporting UNO-
Agenda21 for better health, education, ecology, economy in
all countries.
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Collective migration of neural crest cells: a balance
between repulsion and attraction

Roberto Mayor

University College London, UK

The Neural Crest is a group of cells found in all vertebrate
embryos. It forms in the neural folds at the border of the neural
plate and gives rise to a huge variety of cells, tissues and organs.
One of the astonishing characteristic of neural crest cells is that
they are able to migrate very long distances in the embryo. The
neural crest has been called the “explorer of the embryo” as it is
one of the embryonic cell types that migrate most during devel-
opment, eventually colonizing almost every tissue.

In this talk | will discuss our recent finding about neural crest
migration. We have shown that neural crest cells, classically
described as mesenchymal cells, migrate in large clusters
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and that interactions with neighbor cells are essential to
control directional migration. One of these interactions is
contact inhibition of locomotion [Nature. 2008. 456, 957] and
| will show evidence of a new cell interaction behavior that we
have recently discovered. | will present our cellular and
molecular data that identify collective cell migration as a
feature of neural crest and the molecules responsible for
such behavior [Dev Cell. 2010. 19, 39]. Finally, | will discuss
some mathematical modeling that integrates different kinds
of cell interactions to explain collective neural crest migration,
and tumor metastasis.
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Pattern formation by collective cell migration-driven
segregation

El6d Méhes, Enys Mones, Valéria Németh, Tamas Vicsek
Department of Biological Physics, E6tvés Lorand University,
Budapest, Hungary

Pattern formation by cell sorting is an important process in
various biological events including embryonic development.
To investigate the impact of collective cell migration on cell
sorting we used fluorescent time-lapse videomicroscopy in
two-dimensional mixed cell cultures made of various pairs of
cell types with different motility characteristics. We demon-
strate that more correlated cell migration, characterized by
longer directional persistence length of migrating cells,
results in more extensive segregation into homogeneous
cell clusters, monitored by various statistical physical
methods.

0-675

Signaling cascade dynamics after a hyper-osmotic
shock in the yeast Saccharomyces cerevisiae

Agnés Miermont, Samuel Bottani, Pascal Hersen
Matiere et Systemes Complexes Laboratory, 10 rue Alice
Domon et Léonie Duquet, 75013 Paris, France

Eukaryotic cells use signaling pathways to detect stimuli from
their environment and convey this information to the nucleus
where transcriptional adaptation takes place. Mitogen Acti-
vated Protein Kinases (MAPK) pathways are involved in
several cellular responses such as stress reaction or prolif-
eration controlFADDIN EN.CITE . The High-Osmolarity
Glycerol (HOG) pathway in the yeast Saccharomyces cere-
visiae is in charge of the osmo-regulation and its activation
leads to the nuclear translocation of the protein Hog1p. The
dynamics of this cascade to mild osmotic shock has been
recently investigated by several groups both experimentally
and theoretically. Here, we combine a microfludic device with
fluorescent microscopy to study the HOG signal transduction
dynamics in response to increasing osmotic shock. We show
that the nuclear translocation dynamics of Hog1p is slowed
down when increasing the osmotic shock intensity. Surpris-
ingly, the cascade is still operational, since Hog1p
phosphorylation is not altered. Moreover, we show that this
slow down is universal since other signaling pathways are
also severely slowed down when activated in a hyper
osmotic environment. Our results suggest that the nucleo-
cytoplasmic transport is altered by hyper osmotic shocks.

0-676

Polar actin cortex mechanics and cell shape stability
during cytokinesis

Jakub Sedzinski'2, Maté Biro"?, Annelie Oswald", Jean-
Yves Tinevez'?2, Guillaume Salbreux* and Ewa Paluch’-?
"Max Planck Institute of Molecular Cell Biology and Genetics,
Dresden, Germany, 2International Institute of Molecular
and Cell Biology, Warsaw, Poland, 3Present address:
Pasteur Institute, Imagopole, Paris, France, “Max Planck
Institute for the Physics of Complex Systems, Dresden,
Germany

Cytokinesis relies on tight regulation of the mechanical
properties of the cell cortex, a thin acto-myosin network lying
under the plasma membrane. Although most studies of
cytokinetic mechanics focus on force generation at the
equatorial acto-myosin ring, a contractile cortex remains at
the poles of dividing cells throughout cytokinesis. Whether
polar forces influence cytokinetic cell shape is poorly
understood. Combining cell biology and biophysics, we
demonstrate that the polar cortex makes cytokinesis inher-
ently unstable and that any imbalance in contractile forces
between the poles compromises furrow positioning. We show
that limited asymmetric polar contractions occur during nor-
mal cytokinesis, and that perturbing the polar cortex leads to
cell shape oscillations and division failure. A theoretical model
based on a competition between cortex turnover and con-
traction dynamics accurately accounts for the oscillations. We
further propose that blebs, membrane protrusions that com-
monly form at the poles of dividing cells, stabilise the position
of the cleavage furrow by acting as valves releasing cortical
contractility. Taken together, our findings show that the
physical properties of the entire cell are integrated into a fine-
tuned mechanical system ensuring successful cytokinesis.
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Transition to collective motion in bacterial colonies
Fernando Peruani’, Joern Starruss?, Vladimir Jakovljevic?,
Lotte Soogard-Andersen®, Andreas Deutsch?®,

Markus Baer*

"Max Planck Institute for the Physics of Complex Systems,
Dresden, Germany, 2TU-Dresden, Dresden, Germany, SMax
Planck Institute for Terrestrial Microbiology, Marburg,
Germany, 4Physikalisch-Technische Bundesanstalt, Berlin,
Germany

Collective motion of individual cells marks the onset of the
transition to multicellularity in many microorganisms. This
transition is often mediated by intercellular communication
signals between cells. Here, we show, in contrast, that the
transition from single cell to collective motion in an ensemble of
gliding bacterial cells can be understood as a dynamical self-
assembly process of self-propelled rods. Experiments were
carried out with a mutant of the bacterium Myxococcus xan-
thus moving by means of the A-motility system only and
without undergoing reversals. The collective motion phase is
confined to a monolayer and is characterized by the organi-
zation of cells into larger moving clusters. A transition to
collective motion is detected in experiments by image analysis,
thatreveals a qualitative change of the cluster-size distribution
at a critical cell packing fraction around 17%. This transition is
characterized by a scale-free power-law cluster size
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distribution with an exponent 0.88. We provide a theoretical
model for cluster formation of self-propelled rods that repro-
duces the experimental findings for the cluster size
distribution. Our findings suggest that the interplay of self-
propulsion of bacteria and volume exclusion effects of the rod-
shaped cell bodies is sufficient to explain the onset of collective
motion and the related changes in the cluster statistics.

Single molecule biophysics
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Millisecond-piconewton force steps reveal the kinetics
of DNA overstretching

Pasquale Bianco', Lorenzo Bongini?, Luca Melli', Mario
Dolfi'and Vincenzo Lombardi’

"Laboratorio di Fisiologia, Dipartimento di Biologia
Evoluzionistica, Universita degli Studi di Firenze, Via G.
Sansone 1, I-560019 Sesto Fiorentino, Italy, 2Depan‘amento
de Fisica Fundamental, Universitat de Barcelona, Carrer
Marti i Franques, 1 E-08028 Barcelona, Spain

Until now the kinetics and energetics of the transition from
the basic conformation of ds-DNA (B state) to the 1.7 times
longer and partially unwound conformation (S state) have not
been defined. The force-extension relation of the ds-DNA of
/A-phage is measured here with unprecedented resolution
using a dual laser optical tweezers that can impose milli-
second force steps of 0.5- 2 pN via bead attached to opposite
strands of the molecule (temperature 25 °C). This approach
reveals the transition kinetics of ds-DNA elongation and their
load-dependence. We show that (1) the elongation (AL) fol-
lowing the force step imposed on the molecule in the region
of overstretching transition has an exponential time course
with a rate constant (r) that has a U-shaped dependency on
the force attained by the step (F); (2) the r-F relation is
unaffected by the reduction of the force step size from 2 to
0.5 pN; ris related to the extent of elongation AL, through a
power equation that, once linearized by double log transfor-
mation shows a slope of ~0.6. These results are interpreted
with a two-state reaction model that provides structural
information on the transition state and an estimate of the size
of the elementary reaction step of 25 bp. Supported by Ente
Cassa di Risparmio di Firenze.
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Single molecule microscopy: from nanodiamonds

to nanomanipulation

Benedikt Kraemer', Felix Koberling', Marcelle Koenig',
Volker Buschmann', Michael Wahl', Uwe Ortmann’,

Olaf Schulz?, Robert Ros? and Rainer Erdmann
"PicoQuant GmbH, Rudower Chaussee 29, 12489 Berlin,
Germany, info@picoquant.com, ?Arizona State University,
Tempe, AZ 85287-1504, USA

E-mail: robert.ros@asu.edu

Single molecule based techniques made their way from
studies of biological dynamics and conformations, towards
DNA sequencing and ultra high resolution imaging. From the
very beginning, confocal microscopy was the workhorse due

@ Springer

to its versatility and straight forward multiparameter detection
capability.

Photon coincidence measurements (antibunching) started as
the ultimate proof for the existence of a single emitter but
nowadays also decipher the true number of immobilised
emitters in the sub-micron observation volume. We use this
technique to characterise a new and promising class a
luminescent labels, NV defect centers in single nanodia-
monds, where knowledge about the number of independent
emitters in a single nanodiamond is the prerequisite to
understand the complex fluorescence decay behaviour.
The combination of atomic force microscopy (AFM) with single-
molecule-sensitive confocal fluorescence microscopy enables a
fascinating insight into the structure, dynamics and interactions
of single biomolecules and their assemblies. Sub ensemble
single fluorophore counting becomes possible as well as the
observation of sub-diffraction imaging features. Adding an AFM
tip to the confocal observation volume allows to complement the
optically acquired information with topographic imaging. In
addition, nanophotonic effects, such as fluorescence quenching
or enhancement due to the AFM tip, are used to increase
the optical resolution beyond the diffraction limit, thus allowing
to identify different fluorescence labels within e.g. a macromo-
lecular complex. Silicon tip induced single molecule quenching
could be demonstrated on individual organic fluorophores [1].

References:

[11 O. Schulz, F. Koberling, D. Walters, M. Koenig, J. Viani,
R. Ros; Simultaneous single molecule atomic force and
fluorescence lifetime imaging, Proc. of SPIE 7571,
757109 (2010)
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Simulation of chain extension of folded and unfolded
DNA molecules in nanochannels

Peter Cifra, Zuzana Benkova, Tomas Bleha

Polymer Institute, Slovak Academy of Sciences, 84541
Bratislava, Slovakia

E-mail: bleha@savba.sk

Molecular simulations combined with the concepts of poly-
mer physics expand our understanding of single molecule
experiments. Stretching and confining in nanoscale chan-
nels and capillaries is used e.g. for sorting fragments of
dsDNA of different length. We have employed Monte Carlo
simulations based on a discrete worm-like chain model to
compute the chain extension R of DNA as a function of
channel dimension D (J. Phys. Chem. B, 2009,113,1843).
The chain extension profiles R(D) computed for a rectan-
gular channel, tube and slit displayed three sections, in
qualitative agreement with nanofluidic measurements of
DNA at high salt concentrations. DNA behavior in channels
of intermediate widths was explained by the statistics of
ideal chain blobs and the scaling relation with the exponent
of about x=-1. The transition to regime in narrow channels
occurs when the diameter D is about equal to the DNA
persistence length. Simulations revealed a considerable
amount of folded structures of DNA molecules. Since hair-
pins are much shorter than the straight forms, they tend to
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significantly reduce the equilibrium chain extension R. The
back-folding of DNA chains is manifested especially at
intermediate channel widths. The individual folding-unfolding
events can be identified in MC traces.
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NanoTracker: force-sensing optical tweezers

for quantitative single-molecule nanomanipulation
Joost van Mameren, Helge Eggert, Gerd Behme, Torsten
Jaehnke, Thomas Neicke

JPK Instruments AG (JPK), Bouchéstrasse 12, 12435 Berlin,
Germany

In the past decade, experiments involving the manipulation
and observation of nanostructures with light using optical
tweezers methodology have developed from proof-of-prin-
ciple experiments to an established quantitative technique
in fields ranging from (bio)physics to cell biology. With
optical tweezers, microscopically small objects can be held
and manipulated. At the same time, the forces exerted on
the trapped objects can be accurately measured. JPK has
developed a quantitative optical tweezers platform, the
NanoTracker. This platform allows the controlled trapping
and accurate tracking of nanoparticles, suspended either in
a microfluidic multichannel flow chamber or even in a
temperature-controlled open Petri dish. With its 3D detec-
tion system, particle displacements in the trap can be
recorded with nanometer precision. Moreover, dynamic
forces acting on the particle (e.g. exerted by motor pro-
teins) can be measured with more than piconewton
resolution on a sub-millisecond time-scale. Several suc-
cessful biophysical applications will be demonstrated. In
particular, we show how one of the hallmarks of single-
molecule biophysics, the overstretching transition of DNA,
can be studied in a versatile manner and used for protein-
DNA interaction mechanics.
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Magnetic tweezers studies of AddAB: a molecular motor
for repairing broken DNA

Carolina Carrasco', Joseph T. Yeeles?, Mark S. Dillingham?,
Fernando Moreno-Herrero'

"Centro Nacional de Biotecnologia, CSIC, Campus UAM,
Darwin 3, 28049, Cantoblanco, Madrid, Spain, 2Depz‘.

of Biochemistry, School of Medical Sciences, University

of Bristol, University Walk, Bristol, BS8 1TD, UK

In Bacillus subtilis, broken DNA ends are first processed to a
3’-ssDNA overhang terminated at a recombination hotspot
(Chi) sequence. This reaction is catalysed by the AddAB he-
licase-nuclease that unwinds the DNA duplex and degrades
the nascent single-strands in a Chi-regulated manner (Yeeles
and Dillingham, 2007). We have recently shown that recom-
binational hotspots regulate AddAB function by preventing

reannealing of nascent single strands via formation of a DNA
loop (Yeeles et al.,, 2011). Here, we have used Magnetic
Tweezers to measure the real-time dynamics of AddAB at the
single molecule level. We have measured AddAB translocation
rate for Chi-containing and Chi-free DNA molecules which
showed a complex appearance with the presence of constant-
velocity segments of 300 bp/s at RT punctuated by stochastic
pauses. Pauses duration followed a single exponential distri-
bution with a decay time of 0.6 s. Interestingly, specific nicking
in the AddAB translocating strand in both Chi-containing and
Chi-free substrates favored pausing of AddAB at this nicked
position, but did not prevent further AddAB translocation.
Moreover, we observed that the presence of Chi sequences
increases the frequency of AddAB pausing and reduces the
AddAB translocation rate. The molecular basis for these
observations is currently under evaluation.

Yeeles, J. T., and Dillingham, M. S. (2007). A dual-nuclease
mechanism for DNA break processing by AddAB-type heli-
case-nucleases. J Mol Biol 3717, 66-78.

Yeeles, J. T., van Aelst, K., Dillingham, M. S., and Moreno-
Herrero, F. (2011). Recombination hotspots and single-
stranded DNA binding proteins couple DNA translocation to
DNA unwinding by the AddAB helicase-nuclease. Molecular
Cell (In press).
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Direct observation of the interconversion of normal
and pathogenic forms of a-synuclein

Nunilo Cremades'”, Samuel I. A. Cohen’, Allen Y. Chen',
Angel Orte™2, Massimo Sandal', Richard W. Clarke’, Paul
Dunne’, Francesco A. Aprile’3, Carlos W. Bertoncini'#,
Tuomas P. J. Knowles', Christopher M. Dobson"" and David
Klenerman’

"Department of Chemistry, University of Cambridge,
Cambridge, United Kingdom, 2Department of Physical
Chemistry, Faculty of Pharmacy, University of Granada,
Granada, Spain, 3Department of Biotechnology

and Bioscience, University of Milano-Bicocca, Milan, lItaly,
4Institute for Research in Biomedicine, Barcelona, Spain,
"Corresponding authors

Despite much speculation on the existence of structurally dis-
tinct oligomeric species associated with the conversion of
certain monomeric proteins into amyloid fibrils, it has not pre-
viously been possible to observe them directly or to relate them
to any key mechanistic steps involved in the interconversion
process. We have developed a novel application of single-
molecule intermolecular FRET to investigate in unprecedented
detail the aggregation and disaggregation of alpha-synuclein,
the protein whose pathogenic deposition as intracellular Lewy
bodies is a characteristic feature of Parkinson’s disease. Our
study reveals that a range of oligomers of different size and
structure are formed, even at physiologically relevant con-
centrations. Interestingly, the resistance to degradation of the
aggregated state of alpha-synuclein, which is a well-
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established generic characteristic of amyloid fibrils, results
from a specific conformational transition that we have been
able to observe directly. Moreover, we show that this transition
converts disordered into ordered soluble oligomers and is
remarkably slow, and indeed is likely to be the molecular origin
of the disruption to the normal clearance mechanisms of the
cell that is associated with protein deposition.
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Single-molecule torque spectroscopy for biophysical
investigations

J. Lipfert, F. Pedaci, M. Wiggin, Z. Huang,

J.W.J. Kerssemakers, G.M. Skinner, S. Barland,

T. Jager, M. van Oene, N.H. Dekker

Department of Bionanoscience, Kavli Institute

of Nanoscience, Delft University of Technology, Delft,
The Netherlands

The torsional properties of DNA play an important role in
cellular processes such as transcription, replication, and
repair. To access these properties, a number of single-mol-
ecule techniques such as magnetic tweezers have been
developed to apply torque to DNA and coil it. | will briefly refer
to investigations of DNA-protein interactions using these
techniques, and describe what has been learnt.

I will then focus on the development of novel magnetic tech-
niques that go beyond standard magnetic tweezers, such as
the magnetic torque tweezers' and the freely-orbiting mag-
netic tweezers®. These approaches allow one to quantify
conjugate variables such as twist and torque. For example,
the magnetic torque tweezers rely on high-resolution tracking
of the position and rotation angle of magnetic particles in a low
stiffness angular clamp. We demonstrate the experimental
implementation of this technique and the resolution of the
angular tracking. Subsequently, we employ this technique to
measure the torsional stiffness C of both dsDNA molecules
and RecA heteroduplex filaments.

Lastly, | will describe novel applications of the optical torque
wrench®*. The optical torque wrench is a laser trapping tech-
nique developed at Cornell capable of applying and directly
measuring torque on microscopic birefringent particles via spin
momentum transfer. We have focused on the angular dynamics
of the trapped birefringent particle®, demonstrating its excit-
ability in the vicinity of a critical point. This links the optical torque
wrench to non-linear dynamical systems such as neuronal and
cardiovascular tissues, non-linear optics and chemical reac-
tions, which all display an excitable binary (‘all-or-none’)
response to input perturbations. Based on this dynamical fea-
ture, we devise a conceptually novel sensing technique capable
of detecting single perturbation events with high signal-to-noise
ratio and continuously adjustable sensitivity.

References:

1. J. Lipfert, J.W.J. Kerssemakers, T. Jager, and N.H.
Dekker, Nature Methods (2010).

2. J. Lipfert, M. Wiggin, J.W.J. Kerssemakers, F. Pedaci,
and N.H. Dekker (2011).

3. A. La Porta and M. D. Wang, Phys. Rev. Lett. 92(19),
190801 (2004).
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Nature Physics (2010).
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Towards a single-molecule study of the AddAB helicase-
nuclease with Optical Tweezers

Benjamin Gollnick’, Mark S. Dillingham? and Fernando
Moreno-Herrero
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Interactions Unit, School of Biochemistry, Medical Sciences
Building, University of Bristol, University Walk, Bristol BS8
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Double-stranded DNA breaks are a frequent form of nucleic acid
damage that can lead to cell death, premature ageing or cancer.
In bacteria, recombinational DNA break repair is initiated by a
class of enzymes called helicase-nucleases. The prototypical
member of this class in the model organism Bacillus subtilis is
the protein complex AddAB. It processes a double-stranded
end to a 3’-terminated single-stranded DNA overhang, thus
creating a substrate for the subsequent repair steps [1, 2].

To study the role of force in the complex process of DNA
repair initiation, we have set up and characterized a custom-
built single-beam Optical Tweezers adapted from a published
design [3]. Positions of trapped microspheres are measured
by high-speed video microscopy as well as detection of
backscattered laser light. Our novel instrumentation will
enable us to investigate the real-time dynamics of repair
processes catalyzed by the molecular motor AddAB. So far,
proof-of-principle DNA force-extension measurements have
been carried out. At present, we are endeavouring to deter-
mine the stalling force of AddAB, which should be larger than
4 pN, based upon observations from a complementary
Magnetic Tweezers study (unpublished data).

[11 Chedin, F., Ehrlich, S.D. and Kowalczykowski, S.C.
(2000) J. Mol. Biol. 298, 7-20.

[2] Yeeles, J.T.P. and Dilling