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1. Masaharu Kamo, Takao Kawakami, and Akira
Tsugita. Novel Detection Methods for Modification
Sites Using Chemical Cleavages and Mass Spectrom-
etry. (Research Institute for Biosciences, Science Uni-
versity of Tokyo, Japan)

In proteome analysis, it is important to analyze and de-
tect posttranslational modification sites of proteins. The
exact locations of posttranslational events as N- and O-
glycosylation, phosphorylation, deamidation, sulfation,
or N-terminal blocking have been difficult to study in
part because of a lack of adequate means of detection
and characterization.

Recently, methods of peptide-mass-fmgerprinting
have been widely used for identification of proteins re-
solved by one- or two-dimensional electrophoresis. In
many cases proteases such as trypsin or glutamate-C en-
dopeptidase have been used.

We recently established two chemical methods for
specific fragmentation of protein (Tsugita et al., n.d.).
The peptide bond cleavage at the N-terminal side of
Ser/Thr (Ser/Thr-N) was carried out with use of vapor
of S-ethyl trifluorothioacetate (TFASEt) at 50°C for 24
h. This method cleaved 38% Ser-N, 42% Thr-N, and
15% Gly-C (with one Gly-N) bonds, but not aspartic
peptide bond, from 52 peptide fragments of four proteins
(Kamo and Tsugita, n.d.). Among them high-frequency
cleavages were found to be AS, PS, LS, KS, RT, KT,
ST, and GT. The reducing character of the reagent does
not need addition of any reducing reagent nor premo-
dification of SH group in the protein. The other vapor
of specific cleavage is the C-terminal side of Asp (Asp-
C) with 0.2% pentafluoropropionic acid (PFPA) aqueous
solution containing 5% dithiothreitol (DTT) at 90°C for
4-8 h (Kawakami et al., 1997). The reaction gave a
small extent of Ser-N and Gly peptide bond cleavages.

The cleavage reactions were effective on proteins
electroblotted on membranes from polyacrylamide gel.
The methods therefore can be used for peptide-mass-
fingerprinting after two-dimensional electrophoresis.
These reactions are also efficient for proteins electrob-
lotted on the membranes (Immobilon-CD), and extrac-
tion of the products on the membranes was also efficient.

These reactions were tested for detection of the
modified amino acid residues: N-terminal blocked resi-
dues, N-acetyl Ser/Thr and N-acetyl X, were not cleaved
by PFPA reaction. TFASEt cleaved N-acetyl Ser/Thr to
100%, but not N-acetyl X bond; formyl-X were cleaved
by the PFPA reaction, but not by TFASEt cleavage re-
action. Amide group of Asn was not deamidated. Cleav-
age of Asn-C was not observed in either of the two

cleavage reactions. C-Terminal NH2 group was not
cleaved by either of the two cleavage conditions.

Internal phospho-Ser/Thr residues were partially
dephosphorylated by the standard Asp-C cleavage con-
ditions and were neither dephosphorylated nor cleaved
by the Ser/Thr-N conditions. Phospho-Tyr was dephos-
phorylated (100%) by the Asp-C cleavage conditions,
but not cleaved by the Ser-N cleavage reaction. Internal
sulfonyl-Tyr was also subjected to the two cleavage re-
actions. Asp-C cleavage conditions cleaved the sulfonyl
group, but Ser/Thr-N cleavage reaction did not. N- and
O-glycosylation were also subjected to these two cleav-
age reactions.

Localization of -S-S- bond was also studied with
the Ser/Thr-N cleavage conditions as well as with the
Asp-C conditions without addition of 5% DTT. These
chemical cleavage methods were applied to the native
purified proteins without modification, and the products
were analyzed by mass spectrometry. CysH was not
modified in either of the cleavage conditions.

REFERENCES
Kamo, M., and Tsugita, A., (n.d.). Eur. J. Biochem., in press.
Kawakami, T., et al. (1997). J. Biochem. 121, 68-76.
Tsugita, A., et al. (n.d.). Electrophoresis, in press.

2. Masaharu Kamo,1 Keiji Takamoto,1 Marcus J.
Horn,2 Kenji Miyazaki,1 Akira Tsugita.1 A Novel C-
Terminal Step wise Sequencing Method. (1Research
Institute Biosciences, Science University, Tokyo, Noda
278-0022, Japan; 2BioMolecular Technologies, Sunny-
vale, California 94086)

A novel C-terminal sequencing method has been devel-
oped which comprises three steps. (1) Cyclization of C-
terminus of peptide or protein with acetic anhydride and
formation of oxazolone; (2) cleavage reaction of the ox-
azolone with perfluoric acid alcohol ester in alcohol so-
lution and release of C-terminus amino acid in its free
form; (3) saponification of the ester produced by the
cleavage reaction with tert-amine aqueous solution. The
three steps proceed in a miniature reverse-phase column
and are performed in an automated machinery. Amino
acid released by the cleavage reaction is derivetized to
fluorescein isothiocyanated (FITC) amino acid and de-
tected by using fluorescence in femtomole order.

During past 5 years we have developed two chem-
ical degrading methods for C-terminal sequence analy-
sis. The first one uses vapors of high percent perfluoric
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acid aqueous solutions at relatively high temperature for
several hours (Tsugita et al., 1992). The second one uses
vapor of perfluoric anhydride preferentially in acetoni-
trile solution at -25°C for 1/2-l hr (Takame et al. 1995).
A C-terminal sequence method had been proposed using
thiohydantoin formation and alkylation reaction
(Schlack and Kampf, 1992). The method was further
developed along essentially two lines. One uses bro-
momethyl naphthalene, NCS, and trifluoroacetic acid re-
sults in alkylated thiohydantoin (Boyd et al., 1995), and
the other uses diphenylphosphoro-isothiocyanatidate
(coupling) and trimethyl silanolate (cleavage) to gener-
ate the thiohydantoin amino acid (Bailey et al., 1995).

The present method uses the above reactions of per-
fluoric acid and its anhydride to analyze the C-terminal
sequence, that is, a conventional stepwise method. The
analysis consists of three simple chemical reaction steps
under relatively mild conditions.

(1) Cyclization of C-terminus of peptide or protein
is performed by use of 80% acetic anhydride with 20%
acid catalysis of acetic acid at 60°C for 30 min. In case
of a peptide, we observe almost quantitative formation
of oxazolone by FAB-MS analysis. (2) The oxazolone
is treated with pentafluoropropionic acid methyl ester
(PFPAME) and methanol at room temperature for 1 h.
Oxazolone is esterified completely and the starting ma-
terial turns to the methyl ester at the COOH group of
newly generated C-terminus or the methyl ester of C-
terminal amino acid of the original peptide. Oxazolone
is not cleaved with only methanol at room temperature
for 1 h, but with the addition of a trace of water it is
cleaved resulting in the release of the amino acid. Then,
PFPAME may be a catalyst of this alcoholysis. (3) Sapon-
ification of the ester is performed by 10% demethylamino
ethanol aqueous solution at 60°C for 30 min. Deesterifi-
cation of the ester is almost quantitative. By these three
reactions, newly generated C-terminus of the peptide pro-
ceeds to the second cycle reaction and on and on.

The three reactions described here are performed in
automatic machinery in a miniature reverse-phase col-
umn (C18 silica-based) in gas phase or pulse liquid at
given temperature and for given time. Released amino
acid is transferred to another column, derivetized to
FITC-amino acid at pH 9.0 with FITC in acetone at 60°C
for 30 min, and detected by fluorescence (excitation at
494 nm and emission at 525 nm) with on-line HPLC.
Sensitivity is 100 fmol.

REFERENCES
Bailey, J. M, et al. (1995). In Methods in Proteins Structure Analysis

(Atassi, M. Z., and Appella, E., eds.), Plenum Press, New York,
pp. 131-138.

Boyd, V. L., et al. (1995). In Methods in Proteins Structure Analysis
(Atassi, M. Z., and Appella, E., eds.), Plenum Press, New York,
pp. 109-130.

Schlack, P., and Kampf, W. (1992). Z. Physiol. Chem. 154, 125.
Takamoto, K. et al. (1995). Eur. J. Biochem. 228, 362-372.
Tsugita, A., et al. (1992). Eur. J. Biochem. 206, 691-696.

3. Roza Maria Kamp,1 Susumu Tsunasawa,2 Hisashi
Hirano.3 Application of New Deblocking Aminopep-
tidase from Pyrococcus Furiosis for Microsequence
Analysis of Blocked Proteins. (1University of Applied
Science and Technology, 13347 Berlin, Germany; 2Tak-
ara Shuzo, Sunaike 2257, Noji, Kusatsu, Shiga, 525 Ja-
pan; 3Yokohama City University, Kihara Institute for
Biological Research, Maioka 641-12, Totsuka, Yoko-
hama, 244 Japan)

The knowledge of amino acid sequence is the basis for
identification of purified proteins, for construction of oli-
gonucleotides and futher isolation of the corresponding
genes, for preparation of antibodies, and for correct in-
terpretation of structural analysis data such as X-ray data
and folding of the linear structure. Sequence information
can be obtained by direct amino acid sequence analysis
using pmol amounts of protein. Unfortunately, 80% of
intracellular soluble proteins from eukaryotic cells are
N-terminally blocked (Kraft, 1997) and cannot be se-
quenced by direct Edman degradation (Aitken et al.,
1989; Tsunasawa and Sakiyama, 1992). Therefore, the
sequence data can only be obtained after removing these
blocking groups. Thus, there is a need for a simple and
rapid technique for obtaining sequence information of
blocked proteins. Most techniques proposed for N-ter-
minally blocked polypeptides involve internal cleavage
of the respective proteins and subsequent sequencing of
the single peptide chains. The yields of these methods
are often very low and inefficient. Additionally, in vitro
modifications of proteins are observed. It is important to
prevent artificial blocking generated during protein sam-
ple preparation, extraction, purification, electrophoresis,
or blotting (Hirano, 1997).

In this communication we describe a novel enzy-
matic method for deblocking of N-terminally modified
proteins using deblocking aminopeptidase from the ar-
cheon Pyrococcus furiosus (DAP). The method is suit-
able for deblocking in solution or for proteins eluted
from the PVDF membrane.

Different samples were examined for use of DAP
for deblocking of N-terminal-modified proteins or pep-
tides.
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For application of the DAP for deblocking of pro-
teins, several polypeptides in the range 1700—42,000
were investigated. We have studied the optimal condi-
tions for specific removal of acetylated amino acid, in-
cluding buffer, pH, temperature, and time of cleavage.
To determine the efficiency of deblocking and optimize
the cleavage conditions, fluorescent labeled amino acids
and peptides were used. It is very important to find the
optimal balance between cleavage time and the sequence
initial yields. If longer time and higher temperature were
used, the deacetylation was more efficient, but the high
background level significantly decreased the sensitivity
and made identification of amino acid impossible.

Because acetylation is one of the most common
modifications in proteins, a variety of samples with N-
terminally acetylated amino acids were investigated,
such as cytochrome c, lentinus protease inhibitor, oval-
bumin, superoxide dismutase, and A-MSH. The follow-
ing acetylated amino acid, occur in the proteins and
peptides: Ac-Ala, Ac-Gly, Ac-Ser, and Ac-Met. We
carried through similar tests with nonblocked proteins to
determine the yields of deblocking reaction. Depending
on blocking group and length of the polypeptide chain,
the time of cleavage differed from minutes to several
days. The deblocking aminopeptidase removed acety-
lated amino acids very slowly, and after cleavage of the
first blocked amino acid, the speed of protein degrada-
tion rapidly increased. All peptide bonds up to N-ter-
minal site of the X-Pro sequence were cleaved.

Although the cleavage can be performed in the so-
lution or after elution of proteins blotted to the PVDF
membrane, unfortunately the direct cleavage on PVDF
membrane was not successful. We found that the elution
of proteins using 70% acetic acid and sonication for 1/2
hr results in efficient elution of proteins, allowing direct
application to enzymatic deblocking cleavage.

Summarizing the results, DAP could be used for
the cleavage of acetylated peptides and proteins. Al-
though yields may still vary, depending of the sequence,
blocking groups, and molecular weight, the above
method can be applied as a convenient method for de-
blocking of posttranslationally modified N-terminal
amino acids.

REFERENCES
Aitken, A., et al. (1989). In Protein Sequencing (Findlay, J. B. C., and

Geisow, M. J., eds.), IRL, Oxford, pp. 43-67.
Hirano, H. (1997). In Protein Structure Analysis (Kamp, R. M., Choli-

Papadopoulou, T., and Wittmann-Liebold, B., eds.), Springer,
Berlin, pp. 167-179.

Kraft, R. (1997). In Protein Structure Analysis (Kamp, R. M., Choli-
Papadopoulou, T., and Wittmann-Liebold, B. eds.), Springer, Ber-
lin, pp. 61-71.

Tsunasawa, S., and Sakiyama, F. (1992). In The Posttranslational
Modification of Proteins (Tuboi, S., Taniguchi, N., and Katsu-
mura, N., eds), Japan Scientific Societies, Tokyo, pp. 113-121.

4. Nikos K. Karamanos. Glycosylation of Proteins:
Specificity, Biological Role, and Analysis of Glycan
Moieties. (Section of Organic Chemistry-Biochemistry
and Natural Products, Department of Chemistry, Uni-
versity of Patras, 261 10 Patras, Greece)

Carbohydrates are integral components of structural gly-
coproteins, proteoglycans, immunoglobulins, cell-adhe-
sion and recognition molecules, lectins, transport
proteins, cytoplasmic proteins, nucleoproteins, and hor-
mones. The great heterogeneity of carbohydrates, due to
the variable number of monosaccharides present in
oligo- and polysaccharides, the anomericity and the po-
sition of the glycosidic linkage, as well as the branching
and the substitution of hydroxyl and amino groups with
sulfate, phosphate, or acetyl groups, results in a broad
range of structural diversity and biological activity as
compared with proteins and nucleic acids. Recent ad-
vances on the structure-function relationship have re-
vealed the importance of carbohydrates in vivo, whereas
data on their role in biological systems have expanded
the classical sciences of biology and biochemistry and
opened new areas in diagnosis, treatment, and prognosis.
This communication highlights some general principles
and concepts of glycobiology with reference to the im-
portance of glycosylation in normal control mechanisms,
cancer, host-pathogen interactions, and bacterial infec-
tions.

Proteoglycans are considered to be the major family
of structural glycoconjugates. They are heavily glyco-
sylated and highly charged macromolecules consisting
of glycosaminoglycan (GAG) and oligosaccharide
chains covalently bound to a protein core. Aggregates
of the cartilage PGs with hyaluronan (HA) contribute to
the load-bearing properties of cartilage. PGs are essential
extracellular components of connective tissues, and most
of them have been studied therein, but recent advances
have identified new families of much smaller cell surface
PGs (Kjellen and Lindahl, 1991). Via specific interac-
tions of GAGs with matrix effector molecules, such as
growth factors and/or membrane receptors, PGs partici-
pate in several cellular events, such as cell proliferation,
differentiation, adhesion, and migration, acting either di-
rectly on cells or modulating growth factor activities. We
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have shown that PGs, via their GAGs, affect cell prolif-
eration and differentiation in human malignant mesothe-
lioma (HMM) cells and that the intracellular signaling
process is mediated through a tyrosine phosphokinase
activity which requires the interaction of GAGs with
growth factors and their receptor (Tzanakakis et al.,
1995, 1997). Recently developed HPLC and capillary
electrophoresis methods for GAG analysis and structural
characterization have also helped in the diagnosis of
HMM in pleural effusions and exfoliation syndrome of
the eye (Karamanos et al., 1994a, 1997a; Lamari et al.,
1998) and to explain that the GAG sequence is nonran-
dom and biosynthetically regulated (Karamanos et al.,
1995) as well as elucidating the biological and physio-
logical properties of GAGs (Karamanos et al., 1994b).

Cell surface glycoconjugates play a major role in
cell-cell and cell-molecule recognition events. In many
cell adhesion molecules of the, nervous system, the pe-
ripheral glycoprotein (PO), which is the smallest mem-
ber of the immunoglobulin superfamily, is involved in
critical steps of the pathogenesis of nerve diseases, such
as multiple sclerosis. The N-linked oligosaccharides of
PO contain the L2/HNK-1 epitope (3-sulfoglucuronic
acid). The absence of this epitope results in the failure
of cellular aggregation (Filbin and Weissmann, 1991).
We found the HNK-1 epitope to be present in inverte-
brate PGs and we have developed both immunological
and HPLC methods for its identification (Karamanos et
al., 1994c).

Mucins make up another category of GPs with pro-
tective effects. They are secreted by the mucosal cells
(gastrointestinal, respiratory, and genitourinary). Mucins
have molecular weights greater than one million daltons
and more than 80% of their dry weight is O-linked car-
bohydrates which are heavily sialylated and/or sulfated.
Mucins lubricate and protect the mucosal epithelium re-
ducing pathogen adhesion to epithelial surfaces. Secreted
mucins which bind to pathogens may cover antigenic
epitopes, blocking normal antibody response. It is clear
that changes in mucin carbohydrates are associated with
disease and with susceptibility to infection. Such
changes are useful diagnostic markers for a variety of
cancers. Thus, the presence of sialylated tumor-related
mucin correlates with malignant and metastatic potential.
In this area we have developed sensitive methodology
to determine the two main sialic acid types (Neu5Ac and
Neu5Gc) (Karamanos et al., 1990). Investigation to es-
tablish whether these sialic acids may help as an impor-
tant tumor marker is in progress.

The significance of glycosylation in normal control
mechanisms may be seen from many known GPs where
changes in the carbohydrates are consistently associated

with disease development. The tissue plasminogen acti-
vator (t-PA) is a serine protease that contributes to the
conversion of plasminogen to plasmin. T-PA is very use-
ful in dissolving blood clots in heart attacks and strokes,
and the rate of plasminogen activation depends on the
presence in oligosaccharides of Asn-184 (Wittwer,
1989).

Glycoconjugates are also involved in host-patho-
gen interactions and bacterial infections. Thus, viral GPs
are synthesized by host cells with glycosylation not dis-
tinguishable from those of host GPs. Hepatitis B, influ-
enza viruses, and HIV virus all contain such GPs. In
HIV virus, GPs are highly N-glycosylated (20-25 po-
tential glycosylation sites) and particularly in gp120 the
carbohydrate content amounts to 50% of the total
weight. These glycoconjugates in the surface of parasitic
protozoa play a critical role in immune evasion, com-
plement resistance, parasitic internalization, and differ-
entiation. Because of their unique glycan structures,
distinct from the host, they may constitute easy targets
for drug therapy and vaccine development. In the area
of bacterial infections, recent studies have shown that
the major components of the extracellular slime layer of
S. epidermidis are composed of discrete glycoconjuga-
tes. The main polysaccharide component can be used to
identify the infection in hospitalized immunocomprom-
ised patients (Karamanos et al., 1997b).

The correlation of glycosylation with disease can
be seen from the increasing number of clinical diagnos-
tic procedures based on the use of lectins to detect ab-
normal glycosylation on the surface of malignant cells,
and the development of anticancer agents which inhibit
the glycosylation process. The increase of agalactosyl
IgG (Fc N-glycan lacking terminal galactose) in the total
IgG correlates with increased disease activity in a num-
ber of diseases, such as rheumatoid arthritis and Crohn's
disease.
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5. Aristidis A. Kritis and Asterios S. Tsiftsoglou.
Two-Step Purification of Mature Human Tumor Ne-
crosis Factor Alpha (rhTNF-A) Protein Produced
Using E. coll Protein Expression System. (Laboratory
of Pharmacology, Department of Pharmaceutical Sci-
ences, Aristotle University of Thessaloniki, 54006,
Greece)

We have used the pMAL expression system (Guan et
al., 1987; Maina et al., 1988; Riggs, 1992; Zagursky and
Berman, 1984) to express the mature human rhTNF-A
protein in E. coli TB-1 cells. For this purpose we cloned
the cDNA encoding for the mature human TNF-A pro-
tein (Pennica et al., 1984; Wang et al., 1985; Tsutomu
and Yphantis, 1987) into the pMALC2 expression vec-
tor. The cDNA was cloned in frame with the carboxy-
terminal part of the E. coli malE gene, which encodes
for the maltose-binding protein (MBP). Transformed E.
coli cells bearing the recombinant construct were in-
duced for the production of the fusion MBP-TNFA pro-
tein with IPTG (Riggs, 1992) Bacterial pellet was lysed
by sonication. The construct allowed intracellular ex-
pression of the fusion MBP-TNFA protein in soluble
form. As a first step in rhTNF-A protein purification we
employed affinity chromatography, passing the bacterial
lysate through an amylose column. In this step the fusion
MBP-TNF-A protein selectively binds onto the amylose
column. After washing the column the fusion MBP-
TNFA protein was eluted with 10 mM maltose (Riggs,
1992) Subsequent cleavage by Factor Xa released the
mature human rhTNF-A from the fusion MBP-TNFA
protein (Riggs, 1992). Further purification was achieved
by anion exchange high-performance liquid chromatog-
raphy (HPLC). We employed an analytical PL-SAX col-
umn from Polymer Laboratories UK. Purification of
mature TNF-A protein was achieved using a linear NaCl
gradient (0-500 mM) in 20 mM Tris, pH 8.0, with a
flow rate of 0.25 ml/min over a period of 20 min.
rhTNF-A was eluted from the column as a single peak
after 8 min run at about 200 mM NaCl. Elution of MBP
and Factor Xa followed that of rhTNF-A. Mature human
rhTNF-A protein was purified to a single band as iden-
tified by SDS-PAGE. Further characterization of the pu-
rified protein is in process. Our data demonstrate (a)
efficient expression of fusion MBP-TNF-A protein by
the E. coli cells in a soluble form, (b) easy two-step
purification of human mature rhTNF-A, and (c) poten-
tially easy and efficient scaleup procedure for the ex-
pression and purification of biologically active human
recombinant proteins.
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6. Gerd-J. Krauss, Sieglinde Friebe, and Sabine Ge-
bauer. Cavity-Supported HPLC of cis/trans Isomers
of Proline-Containing Peptides Using Cyclodextrins
and Calixarenes. (Martin-Luther-University Halle-Wit-
tenberg, Department of Biochemistry/Biotechnology,
Germany)

In biological systems the intracellular regulation is de-
cisively controlled by the dynamic folding/refolding pro-
cesses of peptidic structures. Information on in vivo and
in vitro folding and refolding of proteins is of interest
in biochemistry and biotechnology (Fischer, 1994).
Knowledge of these processes is important for the pro-
duction of biologically active recombinant proteins.

The amino acid proline plays an outstanding role
in such processes. In peptides containing C-terminal pro-
line (and N-substituted amino acids) the free rotation
around the peptide bond is hindered due to the formation
of a pyrrolidone ring system. The C-N bond gains by
charge transfer a partial double-bond character leading
to energy barriers for the rotation around the peptide
bond. Therefore, in contrast to C(O)NH bonds, the low-
est energy arrangements of the prolyl peptide bond, de-
fined by the dihedral angle O (O ~ 180°, trans, and O
~ 0°, cis) are of comparable thermodynamic stability.
Therefore, cis and trans conformers of proline-contain-
ing peptides can be simultaneously present in compara-
ble and detectable amounts. The partial double-bond
character and the energy barriers result in a delay of the
cis/trans isomerization on a scale such that analytical
methods which correspond to the time scale of the in-
terconversion are able to detect both isomers in their
aqueous solution. Quantitative data which describe this
type of conformational change are determined by several
spectroscopic and kinetic methods. Besides studies on
the kinetics of conformational changes by chromato-
graphic and electrophoretic methods, the isolation and
identification of the peptide conformers are of growing
interest. In our presentation the use of different cavities
as chromatographic selectors for cis/trans isomers of
proline-containing peptides is discussed.



516 MPSA Short Communications

Recently, we have introduced cyclodextrin (CD)-
bonded silicas for separating conformational isomers,
which offers the opportunity to exploit a variety of se-
lective interactions between peptides and cyclodextrins,
such as host-guest and hydrophobic interactions, hydro-
gen bonding, and dipole-dipole interactions (Friebe et
al., 1992a). B-Cyclodextrin-bonded silica was shown to
be a suitable stationary phase for high-performance liq-
uid chromatography of conformational isomers of pro-
line-containing peptides. The formation of an inclusion
complex seems to be particularly effective if an aromatic
amino acid N-terminal-bonded to proline is enclosed in
the analyte. Unusually high resolution values for such
separations under low-temperature conditions suggest a
steric hindrance of isomer conversion owing to the for-
mation of inclusion complexes. Lower temperatures de-
lay the interconversion of the peptide isomers and lead
to decreased rates of conformational changes. Using
phosphate buffer of low ionic strength and pH values
forcing peptides into their zwitterionic state, a number
of conformers of dipeptides and oligopeptides related to
B-casomorphins were investigated on cyclodextrins with
different internal diameters (Friebe et al., I992a, b). B-
CD dissolved in the mobile phase of reversed-phase
HPLC systems provides a versatile system for the in-
vestigation of cis/trans isomerism of the prolyl peptide
bond using commonly available reversed-phase columns
(Friebe, 1992b).

Recently, we introduced new calix[n]arene-bonded (n
= 4, 5, 6, 8) silica gels for HPLC (Friebe et al, 1995;
Gebauer, 1998a, b). Silica-bonded calixarenes representing
cyclic condensates of para-substituted phenols and formal-
dehydes have the ability to separate cis/trans isomers of
prolylpeptides (Gebauer et al., 1998b). Results from low-
temperature HPLC display first of all a reversed-phase be-
havior. A high selectivity of different calix[n]arene phases
dependent on the ring size is indicated. The elution order
of cis and trans conformers could be established by 1H-
NMR spectroscopy at lower temperatures.

In conclusion, bonded cavities should provide ver-
satile chromatographic systems for the investigation of
conformational changes in prolyl peptides.
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7. A. G. Lapko1 and K. Ruckpaul.2 Discrimination of
Conformational States of Mitochondrial Cytochrome
P-450scc by Selective Modification of Several Lys
Residues. (1International Sakharov Institute of Radioe-
cology, Minsk, Belarus; 2Max-Delbruck-Centrum of
Molecular Medicine, Berlin, Germany)

Cytochrome P-450 purified by conventional methods
from bovine adrenocortical mitochondria and proven to
be homogeneous by SDS-PAGE was shown to comprise
two macroscopic conformational states of the protein
different in accessibility of their amino groups to chem-
ical modification. Reaction conditions leading to the
modification level of 1.2-1.4 M pyridoxal-5'-phosphate
per 1 M protein resulted in covalent modification of only
60-70% of cytochrome P-450scc molecules. Modifica-
tion of the Lys residue(s) that is (are) essential to react
with adrenodoxin on the surface of cytochrome P-450scc
led to a drastic decrease of cholesterol side-chain cleav-
age activity and diminished binding of cytochrome P-
450 to adrenodoxin (Tsubaki et al., 1989). Thus, modi-
fied cytochrome P-450scc molecules have low affinity
to immobilized adrenodoxin and can be separated by
chromatography on adrenodoxin-sepharose. The confor-
mational states of those cytochrome P-450scc molecules
which did not react with the modifying agent were re-
tained by the affinity matrix and after elution from ad-
renodoxin-sepharose display the spectrum typical for the
high-spin protein with completely preserved enzymatic
activity.

The treatment of cytochrome P-450 with phenyli-
sothiocyanate under native conditions resulted in a mod-
ification level of 1.2 M FITC per 1 M protein and led
to two separate forms of cytochrome P-450scc mole-
cules: modified and unmodified in ratio 3:2. These two
types of molecules exhibit similar affinity to adreno-
doxin, but completely different binding behavior in
strong anion exchange chromatography (Ruckpaul,
1989; Lapko et al., 1991). The molecular mechanism of
the conformational states of cytochrome P-450scc will
be discussed elsewhere.
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8. Stergios A. Lazos and Asterios S. Tsiftsoglou. Pro-
duction and Purification of Recombinant Human Cy-
tokines (rhIL-4, rhGM-CSF, and rhIL-1B) from
Genetically Engineered E. coli Cells Bearing pMAL
Expression Vector Constructs. (Laboratory of Phar-
macology, Department of Pharmaceutical Sciences, Ar-
istotle University of Thessaloniki, Thessaloniki, 540 06,
Greece)

Cytokines are an important group of growth factors that
regulate the function of the hemopoietic and immune
systems (Rothwell et al., 1996). Given their clinically
significance for diagnostic and therapeutic usage, we en-
gaged in establishing a methodology for producing and
purifying large quantities of these proteins from bacteria.
Human interleukin-4 (IL-4), interleukin-1 B (11-1B), and
granulocyte macrophage colony stimulating factor (GM-
CSF) were cloned and expressed as fusion proteins using
a pMAL expression vector in E. coli cells (Guan et al.,
1986; Maina et al., 1988; Amann et al., 1985; Duplay
et al., 1984; Yanisch-Perron et al., 1985). Bacterial ex-
tracts from IPTG-induced cells bearing the maltose-
binding protein gene (malE) linked to the cDNA of each
cytokine were passed over an amylose affinity chroma-
tography column to selectively bind and remove the fu-
sion protein (hybrid proteins carrying MBP and one
cytokine). After extensively washing the column, the fu-
sion protein was eluted with 20 mM maltose. Fractions
that contained the fusion protein were pooled and con-
centrated to 1-2 ml. The mature cytokine of interest was
released from maltose-binding protein (MBP), the carrier
protein, by specific cleavage with factor Xa (Nagai et
al., 1984). To remove MBP and undigested fusion pro-
tein, the digest was passed through a second amylose
affinity column. Ion exchange and size exclusion high-
performance liquid chromatography (HPLC) were em-
ployed to remove traces of MBP, undigested fusion pro-
tein, factor Xa, and other impurities. The desired
proteins were characterized and analyzed for purity by
SDS-polyacrylamide gel electrophoresis and Western
blotting. At least 1 mg of protein per liter of induced
culture was obtained. This method has proven to be a
quick and easy way to purify large quantities of human
recombinant proteins in a highly purified form.
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9. Edda Lehmann, Stefan Vetter, and Renato Zenobi.
Detection of Specific Zinc-Finger Peptide Complexes
with Matrix-Assisted Laser Desorption/Ionization
Mass Spectrometry. (Laboratorium fur Organische
Chemie, ETH Zentrum, CH-8092 Zurich, Switzerland)

All retroviruses, including human immunodeficiency vi-
rus type 1 (HIV-1), encode a gag precursor polyprotein
which contains zinc-binding domains of CCHC type
(CCHC = Cys-X2-Cys-X4-His-X4-Cys, X = variable
amino acid). These motifs are known to play an impor-
tant role in the recognition of viral ribonucleic acid and
replication of the virus. The interactions between pep-
tides containing such zinc-finger motifs and zinc ions as
well as single-stranded nucleic acids have been exten-
sively studied by various methods in solution (Lam et
al., 1994; South et al., 1993). These methods are rather
time-consuming, and matrix-assisted laser desorp-
tion/ionization mass spectrometry (MALDI MS) may
present an alternative method for detecting the corre-
sponding complexes. However, its ability to detect spe-
cific noncovalent complexes formed in solution has not
fully been demonstrated yet (Cohen et al., 1997; Glocker
et al., 1996). Our aim was therefore to establish a direct
correlation between the behavior of a specific noncova-
lent complex in solution and in MALDI MS (Lehmann
et al., 1997).

For this purpose, we investigated the complexation
between an 18-residue zinc finger peptide of CCHC type
from the gag protein p55 of HIV-1 and various transition
metal ions by means of circular dichroism spectroscopy
(solution) and MALDI-MS (gas phase). This was per-
formed as a function of pH, the nature of the metal ion
used, and the molar ratio of peptide and metal ion. We
could demonstrate that MALDI spectra reflect solution-
phase behavior. A specific interaction between the pep-
tide and zinc (II) ions was also seen in the MALDI mass
spectra.

Additional MALDI studies were done on the bind-
ing of the same zinc-finger peptide to oligodeoxynu-
cleotides. Specific triple complexes between zinc(II), the
peptide, and oligodeoxynucleotides could be detected by
MALDI MS.
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10. Akira Onion,1 Masamichi Oh-Ishi,2 Sachiyo Ich-
inose,' Sen-ichi Furudate,3 and Tadakazu Maeda.2

Analyses of Proteins Related to the Hereditary Dwarf-
ism of rdw Rat. (1Mitsubishikasei Institute of Life Sci-
ences, 11 Minamiooya, Machida-shi, Tokyo, Japan
194-8511; 2Department of Physics, School of Science;
department of Laboratory Animal Science, School of
Medicine, Kitasato University, 1-15-1 Kitasato, Saga-
mihara-shi, Kanagawa, Japan 228-8555)

Proteins related to the hereditary dwarfism, rdw rat
(Koto et al., 1988) were analyzed. The mode of inheri-
tance of the rate is through an autosomal recessive trait.
Tissues inspected were cerebral cortex, cerebellum,
brain trunk, hypothalamus, pituitary, thyroid gland, liver,
testis, spleen, and thymus. We adopted two-dimensional
gel electrophoresis (2D-GE) with agarose gel for the
first-dimensional isoelectrophoresis (Oh-Ishi and Hira-
bayashi, 1989), which enabled analyses of wider range
of pI (3.5-9.5) and molecular weight (up to 250 kDa)
compared to those with the immobilized pI gradient. For
the identification of protein spots on 2D-GE, an im-
proved Cleveland method was carried out. By this
method, preelectrophoresis of V8 proteinase was carried
out, prior to loading of gel slices from 2D-GE. After
blotting of peptides on siliconized glass fiber membrane,
a few peptide bands were analyzed and identified.

Among tissues inspected, thyroid and pituitary
gland showed abnormal profiles with 2D-GE analyses.
Five main proteins out of 18 abnormally increased spots
from thyroid gland were analyzed. Those proteins were
identified to be endoplasmin, Ig heavy-chain-binding
protein (BiP), protein disulfide isomerase homolog P5,
ERp60, and ERp72. They all are known to be endo-
plasmic reticulum resident proteins. Endoplasmin and Ig
heavy-chain-binding protein are molecular chaperone
proteins. P5, ERp60, and ERp72 belong to protein di-
sulfide isomerases. It is probable, therefore, that these
proteins are related to the maturation of thyroxin from
thyroglobulin. Accumulation of them in rdw thyroid

suggests that protein maturation and secreting disorder
underlie the hypothyroidism of the rdw rat.
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11. Joseph Reinbolt, Pascale Oertel-Buchheit, Mat-
thias John, Michele Granger-Schnarr, and Manfred
Schnarr. A Lexa Mutant Represser with a Relaxed
Interdomain Linker. (Institut de Biologie Moleculaire
et Cellulaire UPR 9002 du CNRS, F-67084 Strasbourg
Cedex, France)

The LexA protein is part of a large family of prokaryotic
transcriptional repressers that contain an amino-terminal
DNA-binding domain and a carboxy-terminal dimeri-
zation domain (Schnarr and Granger-Schnarr, 1993;
Friedberg et al., 1995). These domains are separated by
a linker or hinge region which is generally considered
to be rather flexible and unconstrained. No structure of
any of the full-length repressors has been available. Here
we show that a mutant LexA repressor harboring several
point mutations in the hinge region is sensitive to trypsin
and Glu-C cleavage over a segment of at least 20 amino
acids, whereas the LexA wild-type hinge region is re-
sistant to these proteases.

To determine the cleavage sites, the digests were
transferred to a PVDF membrane and the individual
bands were subjected to protein sequencing. Surpris-
ingly, the R81 cleavage product of LexA mutant mi-
grates essentially as the unique cleavage product of the
LexA wild-type repressor, which has been reported to
correspond to cleavage after R67 (Little, 1984), an as-
signment that has been confirmed in this work by protein
sequencing. To make sure that these differences do not
arise from different carboxy-terminal ends of the cleav-
age products, the proteolytic fragments were purified on
a C-18 HPLC column and subjected to mass spectrom-
etry. Mass spectrometry confirmed that these fragments
extend until the carboxy-terminal extremity of the full-
length protein.

Altogether, the results obtained suggest that the sta-
bility of LexA linker against proteolysis is not compat-
ible with the hypothesis of a fully flexible and/or
unstructured interdomain linker and suggest that the
LexA hinge region is in fact constrained by contacts
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13. Dimitra Triantafillidou,1 Maria Simitsopoulou,1

Franschois Franceschi,2 Theodora Choli-Papadopou-
lou.1 Thermus Thermophilus L11 Ribosomal Protein:
Cloning, Overproduction, Structural, and Functional
Studies—In Vivo Methylation of the Overproduced
Protein. (1Laboratory of Biochemistry, School of Chem-
istry, Aristotle University of Thessaloniki, Thessaloniki
54006, Greece; 2Max-Planck-Institut fur Molekulare Ge-
netik, Berlin, Germany)

L11 belongs to the class of conserved ribosomal pro-
teins; homologues have been isolated from prokaryotes,
archaea, and eukaryotes. The protein has been associated
with the GTPase domain of the ribosome (Egeberg et
al., 1990). It consists of two conserved domains, a
strongly structured C-terminal domain (responsible for
rRNA binding; Xing and Draper, 1996) and a less struc-
tured N-terminal domain (important for thiostrepton
binding; Choli, 1989). The fact that the C-terminal of
the Bacillus stearothermophilus L11 (BstLll) interacts
with the rRNA through its homeodomain-like structure
(Xing et al, 1997) has rekindled interest in Lll from
other organisms. In this study we report on the cloning,
overproduction, and purification of the T. thermophilus
L11 (TthLl 1) protein. The structure and function of the
overproduced protein were also investigated.

The TthLll gene was amplified by PCR from T.
thermophilus genomic DNA using primers based on the
known DNA sequence of the TthLll gene (Heinrich et
al., 1992). The pETlla vector and BL21(DE3)pLysS
cells were used for the overproduction of the TthLll
protein (Studier et al., 1990). Cell cultures induced with
1 mM IPTG were harvested 3 hr after induction, resus-
pended in lysis buffer (20 mM Tris-HCl, pH 7.6, 50 mM
NH4C1, 10 mM MgCl2, 0.8 M NaCl, 7 mM B-mercap-
toethanol, and 1 mM PMSF) and disrupted by sonica-

with the carboxy-terminal domain and/or a fairly stable
local structure of the linker region.
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12. Pauline M. Rudd, Mark R. Wormald, and Ray-
mond A. Dwek. Glycosylation and the Immune Sys-
tem. (Glycobiology Institute, Department of
Biochemistry, University of Oxford, Oxford, OX1 3QU,
U.K.)

A full understanding of the implications of glycosylation
for the structure and function of any glycoprotein can
only be reached when the molecule is viewed in its en-
tirety. Many glycoproteins are involved in the humoral
and cellular immune systems and can, by virtue of their
protein structures, selectively control their own glyco-
sylation. In turn the sugars provide a range of functions
for the proteins to which they are attached. These in-
clude stabilizing the protein structure, modifying the ac-
tivity of effector functions, orienting the protein on the
cell surface, shielding the protein from proteases, and
providing specific epitopes for recognition events both
for the immature and mature protein. NMR solution and
X-ray crystallography studies of glycoproteins do not
normally yield detailed information about the sugars.
Here protein structural data have been complemented by
oligosaccharide analysis of the sugars released from 5-
10 Mg of protein. These data have been obtained using
rapid glycan sequencing technology recently developed
in the Glycobiology Institute and the linkage structure
database (also developed in the Institute), which pro-
vides the dimensions of the sugars. In this way it has
been possible to obtain a more complete view of each
glycoprotein and the roles which the sugars play in their
functions. The glycoproteins which will be discussed in-
clude the inhibitors of the complement pathway CD59
and DAF (CD55), the immunoglobulins IgG and IgAl,
and CD2 and LFA3. These cell adhesion molecules me-
diate the precise alignment of the cell surfaces of cyto-
lytic T-lymphocytes carrying the TCR complex with
those of target cells carrying loaded HLA class 1 mol-
ecules.
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tion. Cell debris and ribosomes were removed by
centrifugation. The recombinant TthLl 1 was purified by
two successive chromatography steps. The sample was
first applied on a DEAE-Sepharose column (in 20 mM
Tris-HCl, pH 7.5, 0.1 M NaCl). The "flowthrough"
fractions, which contained TthL11, were then applied on
a CM-Sepharose column (in 20 mM Tris-HCl, pH 6.5,
0.07 M NaCl). TthLl1 was retained and eluted by an
increase of ionic strength.

The purified protein was identified as TthL11 by
N-terminal sequencing. The first amino acid is methio-
nine. The electrophoretic mobility of the recombinant
protein in two-dimensional electrophoresis (Geyl. et al.,
1981) was identical to that of "natural" TthLl1. There-
fore, recombinant TthLl1 has not been subjected to pro-
teolysis during overproduction and purification.
Moreover, an antiserum raised against E. coli Lll
(EcoLll) recognized TthLll after SDS-PAGE and im-
munoblotting, corroborating the similarity exhibited by
the sequences of the two proteins. Recombinant TthLll
is not blocked, in contrast to its "natural" counterpart
(T. Choli, unpublished results) and EcoLll. EcoLll is
blocked because of N-terminal methylation and also car-
ries trimethylation at two lysine residues (Lys-3 and
Lys-39) (Dognin and Wittmann-Liebold, 1980).
Interestingly, Edman degradation sequencing of the
overproduced TthLll shows that di- and monomethy-
lation were present at Lys-2 (Lys-3 in EcoLll). This
indicates that TthL11 is recognized by the E. coli meth-
ylation apparatus (Vanet et al., 1994).

Limited proteolysis experiments (Choli, 1989) sup-
port the existence of an N-terminal and a C-terminal
structural domain in TthLll, as in the case of EcoLll.
Additional limited proteolysis experiments show that the
23S rRNA domain known to interact with TthLll
(TthLllrRNA) and thiostrepton protect TthLll from
proteolysis. This demonstrates an interaction of the
rRNA and thiostrepton with the recombinant TthLll.
The interaction between the rRNA domain and TthL11
is also proven by a gel shift mobility assay. Similar re-
sults, obtained for BstLll, were attributed to the for-
mation of a ternary complex between thiostrepton,
rRNA, and Lll (Xing and Draper, 1996).

In conclusion, the recombinant TthLl 1 is similar in
structure and function to the other members of the L11
family.

REFERENCES
Choli, T. (1989). Biochem. Int. 19, 1323-1338.
Dognin, M. J., and Wittmann-Liebold, B. (1980). Eur. J. Biochem.

112, 131-151.

Egebjerg, J., et al. (1990). J. Mol Biol. 213, 275-288.
Geyl, D., et al. (1981). Mol. Gen. Genet. 181, 309-312.
Heinrich, T., et al. (1992). J. Bacteriol. 174, 7859-7863.
Studier, F. W., et al. (1990). Meth. Enzymol. 185, 60-89.
Vanet, A., et al. (1994). Mol. Microbiol. 14, 947-958.
Xing, Y., and Draper, D. E. (1996). Biochemistry 35, 1581-1588.
Xing, Y., et al. (1997). Nature Struct. Biol. 4, 24-27.

14. Akira Tsugita,1 Masaharu Kamo,1 Takao Kawak-
ami,1 Kenji Miyazaki,1 Mitsuo Takayama,2 and Ru-
gun Shen.1 Multiple-Sites C-Terminal Sequencing
Methods of Protein and Identification of Protein
Spots on One- and Two-Dimensional Gel Electropho-
resis. (1Research Institute Biosciences, Science Univer-
sity Tokyo, Noda 278-0022, Japan; 2Pharmaceutical
Science, Toho University Miyama, Funabashi, 274 Ja-
pan)

Two chemical methods have been developed for C-ter-
minal sequencing at multiple protein sites and for iden-
tification of protein spots separated on polyacrylamide
gel electrophoresis.

The first multiple-site C-terminal sequencing
method originated from the successive degradation of
protein carboxyl (C-) terminus with a perfluoroacyl acid
aqueous vapor (Tsugita et al., 1992). A vapor-phase re-
action with 90% aqueous pentafluoropropionic acid
(PFPA) containing 5% dithiothreitol (DTT) on protein
at 90°C between 2 and 8 h simultaneously causes two
types of reactions, C-terminal truncation and specific in-
ternal peptide bond cleavages. The peptide bond cleav-
ages are specific for peptide bonds at the carboxyl sides
of asparatic acid residues (Asp-C), and bonds at the
amino sides of serine/threonine residues (Ser/Thr-N) ac-
companying a small extent of cleavage of glycine bonds.
Among the cleavage sites in the reaction, the following
peptide cleavages were frequently observed: DP, DG,
DS, DT, ST, GT, TS, GS, and DA. The C-terminal trun-
cation residues (sequences) were observed at between 2
and 10 residues (average 4.6) (Miyazaki et al., n.d.;
Tsugita et al., n.d.).

The second multiple-site C-terminal sequencing
method consists of two-step reactions. The first reaction
is only specific internal peptide bond cleavage either for
Ser/Thr-N (Kamo and Tsugita, n.d.) or at Asp-C (Ka-
wakami et al., 1997), followed by a second C-terminal
truncation reaction which is free from the internal pep-
tide bond cleavage (Takamoto et al, 1995).

An S-ethyl trifluorothioacetate vapor cleaved the
peptides at 50°C for 24 h at Ser/Thr-N sites (Kamo and
Tsugita, n.d.). This cleavage is free from acidic ones
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such as Asp-C cleavage, but is still accompanied to a
small extent by glycine peptide bond cleavage, which
may be due to the active ethylene in the glycyl residue.
The reagent itself has reducing property, and no modi-
fication was observed for oxidation of Met, Trp, and
even Cys residues. In this cleavage reaction AS, PS, QS,
ST, AT, RT, KT, ST, and LS peptide bonds were fre-
quently observed to be cleaved.

The second internal peptide cleavage reaction used
was a classical weak acidic cleavage with a vapor of
0.2% aqueous PFPA containing 5% DTT at 90°C for
relatively short time (1-6 h) (Kawakami et al., 1997).
Frequent cleavages in this reaction were observed at DP,
DS, DG, DT, DA, and DF peptide bonds.

After one of these internal peptide cleavages, the
reagents were evaporated and the product was exposed
to a vapor generated from 30% pentafluoropropionic an-
hydride (PFPAA)-acetonitorile solution at -20°C for 1
h. It should be noted that this anhydride reaction causes
only C-terminal truncation and is not accompanied by
any internal peptide bond cleavages. These two-step re-
actions provide multiple C-terminal sequences either at
Ser/Thr-N cleavage sites or C-terminal sequences at
Asp-C cleavage sites.

APPLICATION TO PROTEINS SEPARATED ON
GEL AND IDENTIFICATION OF PROTEINS

The protein spots on polyacrylamide gel separated
one- or two-dimensional electrophoresis were electrob-
lotted to an immobilon-CD membrane and negatively
stained. The protein spot was excised, cut into small
pieces, and exposed to the reagent vapor in a double
glass tube system (Tsugita et al., 1992) for a specified
time. The reaction products were extracted with 30%
and 60% aqueous acetonitrile solution containing 2.5%
trifluoroacetic acid and analyzed with a MALDI-TOF
mass spectrometer (MS) (Patterson et al., 1995).

An algorism has been developed to assist to analyze
MS data. The inputs are the MS values. These MS val-
ues were assigned to the masses of fragments produced
by the specific internal cleavages and those of the C-
terminal truncated fragments of each fragment. The frag-
ments were produced by both Asp-C and Ser/Thr-N
cleavages for the first one-step reaction, or either by
Ser/Thr-N cleavages or Asp-C cleavages for the data
from the respective cleavages for the second two-step
reaction. These cleavage sites can be replaced by the
frequently observed cleaved peptide bonds described
above. Truncation was followed for both the first and
the second multiple-site C-terminal sequencing methods.

The number of truncation steps may be set to 10 and is
changeable. One mass value is allowed to be assigned
to more than one fragment and the truncated fragments.
The mass value error is ±1% (adjustable). The program
computes an ST value (score of truncation) for every pro-
tein and provides the order of score values ST according
to the equation

where i is the number of truncation residues and Ni is
number of the fragments with the i-residue truncation.
Outputs are the ST values in decreasing order, and the
title line of the protein (accession number, protein name,
and biological source) in the protein sequence databases.
The program was written in C language.

The program also can compute fragments chemi-
cally produced by Asp-C and Ser/Thr-N cleavages for
identification of proteins with minor modifications.
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15. Susumu Tsunasawa. Purification and Application
of a Novel N-Terminal Deblocking Aminopeptidase
(DAP) From Pyrococcus Furiosus. (Gene Analysis
Center, Takara Shuzo Co. Ltd., Sunaike 2257, Nojicho,
Kusatsu, Shiga, Japan, 5250055)

A large number of proteins are N-terminally blocked
(Aitken, 1990). Of these blocking groups, the acyl-type
groups such as formyl, acetyl, myristyl, or pyroglutamyl
are the most common. Even though highly sensitive
techniques for microsequence analysis have been devel-
oped, as long as N-terminal sequence analysis of pro-
teins is based on Edman degradation, removal of these
blocking groups from N-termini of proteins is essential.
To overcome this serious problem, several enzymatic or
chemical methods have been developed (Hirano et al,
1992; Gheorghe et al., 1997), but no method for uni-
versal removal of these blocking groups has been
established.
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Here, we report the finding of a novel aminopep-
tidase which can universally act on release of N-terminal
acyl-type blocking groups of proteins and its application
to sequence analysis of proteins blocked at N-termini
with these groups. The enzyme, named deblocking ami-
nopeptidase (DAP), was isolated from the culture broth
of the hyperthermophlic archaeon Pyrococcus furiosus,
and its cDNA was cloned and overexpressed in Esche-
richia coli. The DAP has been estimated to be consti-
tuted of 10-12 identical subunit, which consist of 348
amino acids with one cysteine residue. The enzyme can
hydrolyze not only any N-terminal acyl-type blocking
group so far found in proteins, but also amino acids suc-
cessively from N-termini except the X-Pro bond.

By using the enzyme, we have developed two
methods for sequence analysis of N-terminally blocked
proteins. One is an application of the ladder sequence
method (Chaif et al, 1993) with MALDI-TOF/MS after
specific isolation of N-terminally blocked peptides from
the original proteins (Tsunasawa et al., 1993; Akiyama
et al., 1994), followed by partial DAP digestion, and the
other is a method using a conventional protein se-
quencer. In the latter method, after proteins are exten-
sively digested with the DAP in 0.05 M
N-ethylmorpholine-acetate, pH 8.0, at 50°C, for 48 hr at
a molar substrate-to-enzyme ratio of 2 to 1, the follow-
ing two strategies were devised. One is a tactic in which
the digests are directly subjected to a protein sequencer
and treated with OPA (o-phthalaldehyde) after the first
cycle run, and the other is one in which the digests are
analyzed by a protein sequencer after removal of the
DAP on a small RP column (2 X 50 mm). By these
methods we could determine 5-30 amino acid residues
continued to the first Pro residue in the N-terminal parts
of proteins blocked by acyl-type groups at an initial
yield of approximately 10-30%, using 100 pmol of sub-
strate proteins.
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16. Yuqin Wang, Birgitta Agerberth, and Jan Jo-
hansson. Structure and Activity of Cathelicidin An-
tibacterial Proteins. (Department of Medical

Biochemistry and Biophysics, Karolinska Institute!, S-
171 77 Stockholm, Sweden)

Naturally occurring antibacterial peptides are wide-
spread, diverse in structure, and play an important role
in host defense system against invading pathogens (Bo-
man, 1995). These peptides are made from gene-en-
coded precursors, from which the mature active peptides
are released. Cathelicidins constitute a family of such
peptides, which have a highly conserved N-terminal
proregion followed by a variable C-terminal antibacterial
domain. The proregion is very similar to the sequence
of a protein named cathelin, which was isolated from
porcine leukocytes as a cysteine proteinase inhibitor.
Cathelicidins have been identified in bovine, porcine,
rabbit, and human tissues (Zanetti et al., 1993).

The mechanism of action for many antibacterial
peptides is cellular membrane destruction by formation
of damaging pores. It has been found that some anti-
bacterial peptides, like defensins (Lehrer et al., 1993),
indolicidin (Schluesener et al., 1993), and BMAP-27
(Skerlavaj et al., 1996) are cytotoxic to eukaryotic cells,
although at higher than bactericidal concentrations.
Thus, induced release of these peptides in extracellular
fluid can be dangerous to the host cells. However, such
effects can be eliminated by different factors. Defensins
can be inactivited by binding to A2-macroglobulin (Pan-
yutich and Ganz, 1991) and serine proteinase inhibitors
(Panyutich et al., 1995) in plasma. BMAP-27 has an A-
helical conformation followed by a hydrophobic tail;
studies of the synthetic truncated version showed that
the lytic activity on mammalian cells can be highly de-
creased by removing or modifying the hydrophobic tail,
while the antibacterial activity is retained.

The human cathelicidin LL-37 was originally pre-
dicted from a cDNA clone (Agerberth et al., 1995), and
the mature active peptide LL-37, containing 37 residues
and starting with Leu-Leu, was isolated from degranu-
lated granlocytes (Gundmundsson et al., 1996). The an-
tibacterial activity of LL-37 correlates with the extent of
A-helical structure, which, furthermore, is anion, pH, and
concentration dependent (Johansson et al., 1998). We
have also found that LL-37 is cytotoxic to eukaryotic
cells in the ion compositions and at pH values that are
encountered under physiological conditions. However,
in the presence of human plasma both the antibacterial
and cytotoxic activity of LL-37 are inhibited. Since we
have not detected any immediate degradation of LL-37
in human plasma, it is possible that this inhibition results
from binding of LL-37 to some plasma proteins. The
putative binding proteins were purified by passing hu-
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man plasma through an affinity column, which consists
of streptavidin-bound synthetic biotinylated LL-37, and
eluting with phosphate buffer at low pH. SDS-PAGE
analysis of the elute revealed one ~30-kDa protein. We
have partly characterized this protein by sequence anal-
ysis. Further studies showed that this protein causes most
or all of the plasma inhibition of LL-37. We are cur-
rently investigating the interactions between LL-37 and
the ~30-kDa protein in vitro in order to establish bind-
ing constants and structural requirements.

Similarly to human peptide LL-37, the antibacterial
activity of the murine catheline-like protein (MCLP)
(Popsueva et al, 1996) was inhibited by mouse serum.
Compared to LL-37, MCLP can adopt an amphipathic
A-helical conformation, but only under significantly
higher salt concentrations. The detailed relations be-
tween the structure and antibacterial activity of MCLP
are under investigation.
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17. Shahparak Zaltash and Jan Johansson. Expres-
sion and Characterization of Saposin-Like Proteins.
(Department of Medical Biochemistry and Biophysics,
Karolinska Institutet, S-171 77 Stockholm, Sweden)

Lung surfactant is a complex mixture of phospholipids
and proteins. The main function of this system is to re-
duce the surface tension at the alveolar air/liquid inter-
face. Four different surfactant-associated proteins have
been purified. The larger surfactant proteins A (SP-A)

and D (SP-D) are hydrophilic, while SP-B and SP-C are
small and insoluble in water (Johansson and Curstedt,
1997). SP-B and SP-C probably have unique functional
roles in the formation of the surface-active monolayer.
These two hydrophobic proteins are unrelated in struc-
ture, but both of the mature proteins are formed by pro-
teolytic cleavage from larger precursors. The mature
SP-B polypeptide chain consists of 79 residues, forms
disulfide-dependent homodimers, and displays about
45%A-helical secondary structure in phospholipid
bilayers (Johansson et al., 1991; Vandenbussche et al.,
1992). Furthermore, SP-B, amoebapores (which are
pore-forming polypeptides from Entamoeba histolytica),
parts of acid sphingomyelinase and acyloxyacylhydro-
lase, the saposins (which promote enzymatic degradation
of sphingolipids in lysosomes), and NK-lysin (which is
an antibacterial and tumorolytic polypeptide from natu-
ral killer cells) exhibit 17-24% pairwise residue identi-
ties (Andersson et al., 1995). From sequence alignments
with saposins, the 42-kDa precursor of surfactant protein
B (proSP-B) has been proposed to contain three tandem
repeats of about 90 residues (Patthy, 1991), where ma-
ture SP-B corresponds to the second of these repeats
(residues 201-279 in proSP-B). The cDNA coding for
the precusor of human SP-B has been cloned and se-
quenced and codes for a protein of 381 amino acid res-
idues (Jacobs et al., 1987).

We have analyzed the domain organization of re-
combinant proSP-B. The 381-residue human proSP-B
fused to an N-terminal poly-His tag was expressed in E.
coli. The recombinant protein was purified from insol-
uble inclusion bodies that precipitated after centrifuga-
tion of the lysed bacterial cells. Recombinant proSP-B
in such inclusion bodies can be purified to apparent ho-
mogeneity after resolubilization with 2.5% (w/v) SDS
and subsequent metal affinity chromatography after re-
moval of SDS by dialysis. The identity of the purified
protein was confirmed by amino acid analysis and pro-
tein sequence determination. Purified rproSP-B was sol-
uble in sodium phosphate buffer at pH 8.0 and remained
in solution for at least several months. Recombinant
proSP-B analyzed by SDS-PAGE under reducing con-
ditions gives an estimated molecular mass of 43 kDa,
which is in agreement with the expected mass of 44.4
kDa of the His-tag/proSP-B fusion protein. The overall
secondary structure of rproSP-B was studied by CD
spectroscopy. Recombinant proSP-B solubilized in so-
dium phosphate buffer at pH 8.0 exhibits about 35% A-
helical structure, which is similar to the approximatly
45% helix of SP-B in dodecylphosphocholine (DPC) mi-
celles estimated by CD spectroscopy. Limited proteoly-
sis of rproSP-B occurs predominately between the three
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tandem saposin-like domains that were proposed from
amino acid sequence comparisons. These results for the
first time give experimental support to the possibility
that proSP-B contains, in addition to SP-B, two further
saposin-like domains (Zaltash and Johansson, 1998). Of
the three saposin-like domains present in proSP-B, only
SP-B has been isolated. It is therefore an open question
whether the remaining two saposin-like domains in
proSP-B are processed to yield unique entities, or if the
sole function of proSP-B is to give rise to SP-B. Se-
quence alignments of canine, rabbit, rat, and human
proSP-B show that the first and second (i.e., SP-B)
domains exhibit a high degree of conservation, while the
third domain is little conserved. Notably, the proSP-B
N-terminal part, but not the C-terminal region, is re-
quired for its processing and intracellular targeting (Lin
et al., 1996a, b). The conservation of the first saposin-
like domain may indicate that it is particularly important
for proSP-B functions, or that it serves a role also after
processing of proSP-B to SP-B.

Currently we aim to express single saposin do-
mains, especially SP-B and NK-lysin. For this purpose
fragments corresponding to SP-B and NK-lysin were
PCR-amplified from human lung and porcine bone mar-
row cDNA, respectively. Probes which correspond to the
5' and 3' ends of SP-B and NK-lysin (nucleotides 614-
634 and 830-850 of human proSP-B and 360-380 and
573-593 of porcine proNK-lysin) were used. The re-
sulting products were inserted into the pET 15b vector,
which gives an N-terminal poly-His tag fused to the re-
combinant proteins, and sequenced by the dideoxy
chain-termination method. The ligation products were
transferred into E. coli JM 109 cells for selection of
plasmid-carrying clones. Finally, pET 15b vector with
inserted SP-B or NK-lysin DNA was transferred to E.
coli BL21 DE3 cells, which contain an integrated copy
of the T7 DNA polymerase gene under control of the
lac UV5 promoter. The recombinant proteins will be
studied in terms of structural and functional properties.

Finally, despite structural similarities, widely dif-
ferent functions are performed by the saposine-like pro-
teins; e.g., NK-lysin is water-soluble and antibacterial,
while SP-B binds to lipid bilayers and is required to
decrease the surface tension at the alveolar air/liquid in-
terface. We use model bulding based on the available
NMR structure of monomeric NK-lysin in water (Lie-
pinsh et al, 1997) to analyze whether structural data on
dimeric and hydrophobic SP-B can be generated. Such
data may be helpful in understanding SP-B/lipid inter-
actions and also in designing analogs for formulation of
a synthetic surfactant for treatment of respiratory dis-
ease.
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18. Ian Humphery-Smith. Proteomics: From Small
Genes to High-Throughput Robotics. (University of
Sydney, Centre for Proteome Research and Gene-Prod-
uct Mapping, National Innovation Centre, Australian
Technology Park, Eveleigh, Australia, 1430)

Functional genomics is about seeking out value-added
information. Proteomics has a pivotal role to play in this
area. Examples will be given where proteomics is con-
tributing to improved genomic annotation (particularly
for small open reading frames, ORFs), analysis of gene
function, multienzyme and structural motif detection,
genes involved in multigenic disease genesis, genomic
analysis without prior DNA sequence information, and
'bioholonics'—the holistic analysis of biological sys-
tems. Value-added information, somewhat analogous to
chemometrics, can be extracted from both experimental
and theoretical proteome data of relevance not just to
protein characterization, but also to functional motifs lo-
cated in tertiary molecular space and comprised of sig-
nature peptides distant from one another in linear protein
sequence. Such information has traditionally been
thought to be accessible only via NMR and X-ray crys-
tallography. Bioinformatics may be capable of deliver-
ing much valuable information on this front in a
comparatively time- and cost-effective manner using ap-
proaches based upon permutations and combinations of
signature peptides and automated protein profiling. The
latter is also being exploited for both inter- and intra-
genomic comparisons of microbes.

Future developments in proteomics are intimately
linked to progress with the development of high-
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throughput sample preparation robotics. A functional
prototype (4 m X 2 m X 2 m) has been constructed. It
comprises 2D gel-analysis and comparison software in-
tegrated with robotics XYZ space; highly malleable laser
excision of protein spots from PVDF membranes (and
subsequently gels); a high-precision XY table and trans-
port system; fully user-programable XYZ robotic space
incorporating four independent functional heads; cap-
ping station; fully automated delivery of appropriately
orientated vial caps; two formats (12 X 96-well micro-
liter plate PMF, peptide mass fingerprinting, array or 2
X 150 HPLC vial array); and loading MALDI-TOF
mass spectrometry stages. Without malleable spot exci-
sion facilitated only by laser technology, the signal-to-
noise ratio within protein samples is severely compro-
mised. This procedure also permits changes in the spot
peak area excised or blind analysis of several thousand
gel/membrane pieces and the added benefit of local
background subtraction. Incorporation of laser densitom-
etry for spot detection, sterile air delivery, improved pro-
tein chemistries and electroelution for 1200 samples in
parallel are well advanced. The high-throughput robotics
is also accompanied by software engines, including a
mailing house for intra- and internet query events, ca-
pable of handling the output of sample analyzers at the
rate of 1000 proteins per day. To better understand the
bioinformatic methodology involved, some 51 million
peptides have been generated and processed 'in silico'
to establ sh guidelines for PMF and combinatory sieving
designed to improve detector sensitivity and background
noise extraction for low-abundance protein samples.

Recent advances in proteomics have resulted in the
evelopment of a valid discipline, which is highly com-

plementary to genomics and capable of providing inval-
uable information of relevance to cellular function in
health and disease. However, proteomics has yet to
achieve competitiveness with high-density cDNA ex-
pression arrays due to its (1) dependence upon the de-
manding technologies of two-dimensional gel
electrophoresis and mass spectrometry, (2) lack of com-
parable sensitivity to that achieved by PCR, and (3) in-
ability to visualize the total proteome, as well as the need
for truly international reproducibility readily accessible
by all. The extent to which proteome analysis will com-
plement molecular knowledge acquired from DNA se-
quencing initiatives and high-density expression arrays
will be determined by the success with which current
technological inadequacies can be overcome. Nonethe-
less, cellular molecular biology dictates that the quest
for novel drug targets or intervention strategies for dis-
ease prevention must incorporate information concern-
ing proteins. Analysis of nucleic acids alone cannot

predict (1) if and when gene products are translated, (2)
the relative concentrations of gene products, (3) the ex-
tent of posttranslational modifications, (4) the effects of
gene 'knockout' or overexpression, or (5) the phenotype
of multigenic phenomena including drug administration,
cell cycle, ontogeny, aging, stress, and disease.

A significant paradigm shift in the manner in which
proteomics is conducted will be required to overcome
these shortcomings and allow larger scale clinical trials
calling upon proteome analysis—for example, tissue
samples from 1000 cancer patients and 1500 controls
examined in an highly reproducible manner on several
continents within a relevant time frame. Indications of
the emergence of this paradigm shift are becoming ap-
parent with the entire protein output of yeast soon to be
followed by (1) yeast two-hybrid constructs for every
gene product and (2) the incorporation of a green fluo-
rescent protein reporter in each ORF so as to enable truly
holistic proteome analysis. Proteomics will have an in-
creasingly important role in the area of functional gen-
omics and novel strategies will be needed if we are to
deliver information concerning the protein output of the
entire human genome.

Access to accurate information concerning the total
DNA sequence and resultant mRNA and protein expres-
sion patterns within living systems will herald a new era
of holistic cellular biology, whereby the current preoc-
cupation with the absolute quantity of gene-product
(RNA and/or protein) can move backstage with respect
to more molecularly relevant parameters, such as molec-
ular half-life, synthesis rate, functional competence
(presence or absence of mutations), the influence of in-
dividual gene products on biochemical flux, the influ-
ence of the environment, cell-cycle, stress, and disease
on gene products, and the collective roles of multigenic
and epigenetic phenomena governing cellular processes.

19. Wade M. Hines, Kenneth Parker, John Peltier,
Dale H. Patterson, Marvin L. Vestal and Stephen A.
Martin. Protein Identification and Protein Charac-
terization by High-Performance Time-of-Flight Mass
Spectrometry. (PerSeptive Biosystems, Framingham,
Massachusetts, USA)

Protein identification is trivially defined as assigning a
protein signal, such as a spot on a 2D gel, with an ac-
cession number in a sequence database and is now com-
monly practiced by peptide mass fingerprinting and
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) (Henzel et al.,
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1993). This is distinct from protein characterization in
that protein characterization actively determines struc-
ture, including, for instance, the elucidation of posttrans-
lational modifications. Advances in time-of-flight mass
analyzers, especially with respect to the accuracy of
mass measurements, now permit practical automation of
both identification and characterization of proteins.

Peptide mass fingerprinting in an automated mode
is demonstrated on a high-performance benchtop
MALDI-TOF mass spectrometer equipped with delayed
extraction (Vestal et al., 1995). The success and limits
of the automated approach are presented in the context
of investigations on spots of 2D gels of yeast proteins.
Practical aspects of prefractionation steps using both
MALD1 and electrospray are also considered.

The significance and utility of accurate mass mea-
surement of peptide fragments generated through in-
source CID suggest that multiple peptides can be se-
quenced from a single fragment ion spectrum. Examples
of yeast proteins are used to highlight the challenges of
automating both protein identification and characteriza-
tion by this method.
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20. Jeffrey J. Gorman,1 Anthony W. Purcell,2 Bettina
L. Ferguson,1 Sash Lopaticki,1 Christopher J. Mor-
row,3 and Emma Mineva.1 Elucidation of Function-
ally Significant Structural Modifications by
Matrix-Assisted Laser Desorption/Ionization Time-
of-Flight Mass Spectrometry with Post-Source Decay.
(1Biomolecular Research Institute; 2University of Mel-
bourne, Parkville, Australia; 3Ross Breeders, Scotland)

Peptide and oligosaccharide ions generated by matrix-
assisted laser desorption/ionization (MALDI) undergo
in-source collisions as they are accelerated through the
concomitant plume of matrix. Post-source decay or de-
composition (PSD) of these ions during the relatively
long transition to the reflector of a reflecting time-of-
flight (TOP) mass spectrometer results in abundant frag-
mentation at interresidue peptide and oligosaccharide
bonds. Although these fragments are not separated at the
linear detector, they may be resolved by variation of
reflector potential due to differences in their translational

energies. Four examples are presented for which PSD
has successfully provided structural data on modified or
variant peptide sequences, thus demonstrating the utility
of this technique.

1. A by-product generated during synthesis of a
peptide antigen produced an antigenic response that
dominated that of the unmodified form of the peptide
sequence, IMIKFNRL, when mice were injected with
the unfractionated mixture. As a consequence T cells
were cloned that selectively recognized this peptide var-
iant when presented as a complex with major histocom-
patibility complex molecules. Mass analysis revealed
that the dominant peptide was 56 Da greater than the
unmodified sequence, which is consistent with presence
of a t-butyl substituent. Analysis of sequence-specific
PSD fragments enabled localization of this substituent
to either Asn6 or Arg7 of the sequence. The presence
of an ammonium ion at mlz = 143.2 and automated
Edman degradation confirmed the presence of the t-butyl
group on Asn6.

2. Abundant PSD occurred with a peptic peptide
derived from the attachment protein of human respira-
tory syncytial virus. This enabled determination that the
protein contained a cystine noose. This was possible due
to the fact that the peptic peptide produced PSD frag-
ments which included a preserved intermolecular disul-
fide as well as less abundant disulfide fission fragments.
Furthermore, no fragmentation of bonds occurred along
the peptide backbone within an intranolecular disulfide
loop also present in the peptic peptide.

3. A variant avirulent isolate of Newcastle disease
virus was identified by antigenic analysis that revealed
an amino acid change in a region of its fusion protein
that determines the pathotype potential of the virus.
Mass mapping of the subunit of the fusion protein con-
taining the variation identified the presence of a glutamic
acid in the C-terminal AspN fragment of the variant sub-
unit compared to glycine in the subunit of another avir-
ulent isolate. Confidence in this conclusion was possible
due to the accuracy afforded by use of delayed extrac-
tion of ions from the ion source and internal calibration,
typically within 20 ppm. This C-terminal AspN peptide
underwent PSD to a substantial degree and it was pos-
sible to determine that the glycine-to-glutamic acid var-
iation occurred at the C-terminus of the affected subunit.

4. The nucleocapsid protein of Newcastle disease
virus is known to be phosphorylated, but the region of
the protein and the residue(s) involved have not been
defined. Mass analysis of tryptic peptides of the nucleo-
capsid protein isolated by HPLC revealed a peptide
which differed from the mass expected for the C-ter-
minal tryptic peptide of the protein by 80 Da. Compar-
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isons of PSD spectra of the nonphosphorylated and
putatively phosphorylated forms of the peptide revealed
the presence of phosphate on a threonine residue in a
consensus motif for phosphorylation by a MAP kinase.

In summary, our experiences with MALDI-TOF-
PSD-MS have been very fruitful in the course of defin-
ing the nature and sites of modification of peptides of
biological relevance whether synthetic in origin or iso-
lated from viral proteins.

21. Carl W. Anderson,1 Ettore Appella,2 Kazuyasu
Sakaguchi.2 Posttranslational Modifications Involved
in the DNA Damage Response. (1Biology Department,
Brookhaven National Laboratory, Upton, New York
11973; 2laboratory of Cell Biology, National Cancer In-
stitute, National Institutes of Health, Bethesda, Maryland
20892)

In multicellular eukaryotes, many aspects of cellular me-
tabolism are controlled by posttranslational modifica-
tions that regulate protein activities rather than through
changes to protein levels. Posttranslational protein mod-
ifications often are difficult to detect, and, in the case of
DNA damage, the radioactive precursors commonly
used to detect modifications themselves induce a DNA
damage response. To overcome these problems, we are
developing immunological reagents that permit us to de-
tect when selected proteins become modified at specific
sites. This approach will be illustrated by recent studies
on the activation of the p53 tumor suppressor protein in
response to DNA damage.

Human p53 is a 393-amino acid nuclear phospho-
protein that functions as a transcription factor. After cells
are exposed to UV light, ionizing radiation, or certain
other stresses, p53 is transiently stabilized and its ability
to bind specific sites in DNA is activated. This response
is critical for maintaining the integrity of the genome.
Although the response mechanisms are not completely
understood, it is widely believed that DNA damage is
detected by protein kinases such as DNA-PK and ATM,
and that these directly or indirectly phosphorylate p53.
Using an affinity-purified antiserum specific for p53
phosphorylated at serine 37, we have shown that this
residue is phosphorylated in response to both UV and
ionizing radiation (Sakaguchi et al, 1998). DNA dam-
age also induces phosphorylation of serine 15 (Siliciano
et al., 1997). Recently we found that p53 is acetylated
in vitro at separate sites by two different histone acetyl-
transferases (HATs), the coactivators p300 and PCAF.
These sites were identified by nanospray ion trap mass

spectrometry of tryptic peptides. p300 acetylates lysine
382 in the carboxy-terminal region of p53, while PCAF
acetylates lysine 320 in the nuclear localization signal.
Acetylation at either site enhances sequence-specific
DNA binding in vitro. Antisera specific for p53 acety-
lated at lysine 382 or 320 showed that both sites were
acetylated in vivo in response to UV light, and lysine
382 was acetylated in response to X-rays. Neither site
was modified in untreated cells or in cells treated with
ALLN, a proteosome inhibitor the blocks p53 degrada-
tion. In vitro, amino-terminal phosphopeptides differ-
entially inhibited p53 acetylation by each HAT. Our
results suggest that DNA damage enhances p53 activity
as a transcription factor in part through a signaling cas-
cade involving phosphorylation of amino-terminal p53
residues that, in turn, drive acetylation of carboxy-ter-
minal residues.
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22. Ettore Appella,1 Akhilesh K. Nagaich,24 Victor B.
Zhurkin,3 and Rodney E. Harrington.2,4 Analysis of
the Interaction Between the P53 Binding Domain and
the P21/CIP1 DNA Response Element: A Novel Ar-
chitectural Organization. (1Laboratory of Cell Biology,
National Cancer Institute, NIH, Bethesda, Maryland
20892; department of Biochemistry, University of Ne-
vada Reno, Reno Nevada 89557; 3Laboratory of
Experimental and Computational Biology; 4Present ad-
dress: Department of Microbiology, Arizona State Uni-
versity, Tempe, Arizona 85287)

A recent cocrystal structure of a minimal core DNA-
binding domain of the tumor suppressor p53 (p53DBD)
complexed with a DNA response element (Cho et al.,
1994) has raised many important questions such as the
organization of p53 tetramers bound to the recognition
site, the stability and energetics of the complex, and the
possible role of allosteric conformational changes in the
protein associated with DNA binding. Using a variety
of biochemical techniques, we earlier showed that
p53DBD cooperatively binds the p21/CiPl response el-
ement as a tetramer and bends it (Balagurumoorthy et
al., 1995). High-resolution chemical footprinting, cir-
cular permutation assay, and molecular modeling pre-
dicted that in a tetrameric p53-DNA complex, four
subunits of p53DBD interact in the major grooves of 20



basepair p21/Cipl response element and the bending is
mediated by the inherent kinking at the CATG basepairs
at the two pentanucleotide junctions leading to an overall
bending angle of about 50° (Nagaich et al., 1997a, b).
We have now used phasing analysis to more precisely
determine the degree and directionality of DNA bending
in p53-DNA complexes (Zinkel and Crothers, 1987).
Our data clearly indicate the p53DBD and the full-length
wide-type human p53 bend the p21/Cipl response ele-
ments in the two adjacent major grooves as was pre-
dicted in our model (Nagaich et al., 1997a). To study
coupling between helical twist and bending in the re-
sponse element DNA by p53 binding, we constructed an
additional set of oligonucleotides containing two intrin-
sic bends phased at variable distances from one another
with various p53 response elements located between
them. These were inserted in closed circular plasmids
and the supercoiling changes associated with p53 bind-
ing were determined by gel electrophoresis. The impli-
cations of all these findings for possible p53-DNA
recognition in chromatin will be discussed. The results
of this study provide a beginning framework for under-
standing the remarkable DNA sequence specificity of
p53 binding. The modeling studies further suggest that
p53 response elements possess a common characteristic
sequence-directed flexibility that appears to be of critical
importance in the specificity of p53-DNA binding.
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23. Sviatlana A. Astrautsova. Chemical Modification
of Amino Acid Residues Essential for Bovine Heart
2-Oxoglutarate Dehydrogenase Activity. (Institute of
Biochemistry, National Academy of Sciences, Grodno,
Belarus)

2-Oxoglutarate dehydrogenase (2OGD; EC 1.2.4.2) is
the first component of the multienzyme complex
(2OGDC) which occupies a key position at a cross-point
of protein and carbohydrate metabolism controlling sub-
strates and energy flux throughout the Krebs cycle (Coo-

ney et al., 1981). 2OGD is the most important regulatory
protein catalyzing the rate-limiting step in the overall
2OGDC reaction: oxidative decarboxylation of the 2-ox-
oglutarate. Chemical modification studies enable us to
elucidate the amino acid residues essential for catalysis
and regulation of the complex and its first component.

2OGDC was isolated from bovine heart and puri-
fied using the method introduced by Stanley et al. (1980)
and then separation of 2OGD was carried out as de-
scribed in Severin et al. (1971). The modification of the
complex and its component was performed by preincu-
bation of the enzyme protein with an appropriate con-
centration of chemical reagent in 50 mM MOPS buffer
(pH 7.5).

Taking into account the anionic nature of the
2OGD substrate, we have suggested the availability of
positively charged amino acid residues localized in the
vicinity of the active sites of the dimeric enzyme. The
experiments involved enzyme treatment with chemical
reagents under conditions allowing for specific modifi-
cation of a definite type of amino acid residue. Prelim-
inary incubation experiments have shown significant
decrease of the 2OGD activity after enzyme contact with
phenylglyoxal and pyridoxal-5'-phosphate, specific mod-
ifiers of arginine and lysine residues, respectively. Ki-
netic analysis of both inactivation reactions showed that
inactivation processes were characterized as biphasic.
The inhibitory effect strongly depended on the reagent
concentration and the time of enzyme contact with the
modifier.
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24. Philippe Bulet,1 Sandrine Uttenweiler-Joseph,1
Marc Moniatte,2 Alain Van Dorsselaer,2 and Jules A.
Hoffmann.1 Differential Display of Peptides Induced
During the Immune Response of Drosophlla: A Ma-
trix-Assisted Laser Desorption lonization Time-of-
Flight Mass Spectrometry Study. (1Institut de Biologie
Moleculaire et Cellulaire, Unite Propre de Recherche
9022 du Centre National de la Recherche Scientifique,
[CNRS], 67084 Strasbourg Cedex, France; 2Laboratoire
de Spectrometrie de Masse Bio-Organique, CNRS, Unite
de Recherche Associee 31, Universite Louis Pasteur, Fa-
culte de Chimie, 67008 Strasbourg Cedex, France)
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Drosophila, like other insects, has the capacity to mount
an efficient host defense against various microorganisms.
In short, a microbial challenge induces in Drosophila
both cellular and humoral reactions (Hoffmann and
Reichhart, 1997). We have developed a novel approach
based on a differential mass spectrometric analysis to
detect molecules induced during the immune response
of Drosophila, regardless of their biological activities.
As the characteristics of matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) appear suitable for the direct
analysis of biological tissues or fluids (Van Strien et al.,
1996; Uttenweiler-Joseph et al., Jimenez et al., 1997),
we have directly applied MALDI-TOF MS to hemo-
lymph samples from individual flies before and after an
immune challenge. This method provided precise infor-
mation on the molecular weights of immune-induced
molecules and allowed the detection, in the molecular
range of 1.5—11 kDa, of 24 Drosophila immune-induced
molecules (DIMs). These molecules are all peptides and
four correspond to already characterized antimicrobial
peptides. We have further analyzed the induction of the
various peptides by immune challenge in wild-type flies
and in mutants with a compromised antimicrobial re-
sponse. Finally, we describe a methodology combining
MALDI-TOF MS, HPLC, and Edman degradation,
which yielded the peptide sequence of three of the novel
DIMs with minimal starting material (hemolymph from
140 flies).
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25. Ella Cederlund, Thomas Bergman, and Hans
Jornvall. C-Terminal Sequencer Analysis of Proteins.
(Department of Medical Biochemistry and Biophysics,
Karolinska Institutet, S-171 77 Stockholm, Sweden)

Recent tests on a C-terminal sequencer (ABI Procise C;
Biosystems Reporter, 1995) with a wide range of pro-
teins show good results regarding both sensitivity and
length of degradation. The two parameters exceed spec-
ifications and allow successful degradation in nearly all
cases studied.

The chemistry of the degradation cycle follows es-
sentially that of the well-known thiohydantoin method
(Stark, 1968), with the special modification that bro-
momethylnaphthalene is added in each cycle to S-alky-
late the thiohydantoin and make it a better leaving group,
hence allowing a mild combination of peptide cleavage
and activation for the next cycle (Boyd et al., 1992,
1995). In this manner, repeated harsh activation treat-
ments after each cycle are unnecessary. Therefore, back-
ground and losses are lowered, meaning extended
degradations and a smaller sample consumption. The cy-
cle time is longer than in N-terminal degradations, and
most of the reagents differ, but other overall details are
essentially as for conventional, N-terminal instruments.

Separation of the liberated alkylated thiohydantoins
in each cycle is performed on a 2 X 220 mm reverse-
phase C18 column (Brownlee Spheri-5 PTC; 5 Mrn). For
the gradient elutions, we essentially followed the man-
ufacturer's program, using for solvent A, 3.5% aqueous
tetrahydrofuran with sodium acetate, diisopropylethy-
lamine, and acetone, and for solvent B, tetrahydrofuran
in acetonitrile, but with several modifications. To in-
crease the separation and yield with Ser and Thr, we
found the following modifications useful: (1) change of
A/B gradient to give a lower B% start (at 18% versus
20%), a less steep slope (42% B at 35 min versus 48%
B at 34 min), and a later end (40 min versus 34 min),
(2) increased column temperature (50°C versus 45°C),
and (3) increased recovery of chromatographically de-
tectable Ser by lowering the temperature in the transfer
flask (from 45°C to 42°C, according to suggestions from
the manufacturer).

Four sets of residues are traditionally expected to
cause problems in identification: Asp/Glu, Thr/Ser,
Arg/His, and Pro (Biosystems Reporter, 1995). The latter
residue is not accessible to the chemistry of degradation
and should not be recovered. This is also confirmed by
the present data, and we have seen no Pro residue during
these studies. However, this is also not a practical prob-
lem, and none of 22 proteins analyzed ended with Pro,
showing that lack of Pro detection is not a quantitatively
large problem.

Asp/Glu are identified in their piperidine amide-
protected form and are then clearly identified in good
yield, not causing real identification problems.

Ser/Thr are identified as dehydro-analogs from their
acetyl-protected form, but still often give a bad yield, as
in several other types of analysis. However, with the
gradient and temperature changes mentioned above, Ser
identification was considerably improved by better re-
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covery and Thr separation similarly improved by better
Thr/Trp Separation.

Arg/His caused problems from the presence of
wide-eluting artifact material. Especially in the first cy-
cle, this makes Arg and His identification difficult.

Using this system, we have now successfully ana-
lyzed 35 different batches of 22 proteins, with polypep-
tide chains ranging in size from ~80 to ~600 residues,
and with application amounts ranging from 30 pmol to
3 nmol. The average length reached was 76 for these
proteins. As expected, myoglobin gave good values, as
with all methods, but the maximal degradative length
was actually with a nuclear receptor (11 residues, fro a
start with ~2 nmol). The most sensitive analysis, also
concerned with this receptor, reached 4 cycles with <30
pmol applied. Throughout, initial and repetitive yields
are lower (often ~15% and <70%, respectively than for
N-terminal sequencers, but more dependent on the actual
sequence for degradation than on the amount applied.

Recent tests with a blot cartridge having a vertically
placed PVDF membrane, show that this cartridge is pos-
sible to use also with the C-terminal sequencer and that
it gives a further increase in overall yield throughout the
degradation by affecting mainly the initial yield. Already
before that use, however, the traditional, horizontal car-
tridge produced sensitive runs (<30 pmol), suggesting
that further increases are possible and that maximal com-
bination of cartridge use, gradient adjustment, and tem-
perature will likely improve the sensitivity still more.

In conclusion, we find that C-terminal sequencer
degradation is now possible to incorporate on a routine
basis in ordinary work at protein analysis centers. We
have therefore done so in our core facility; and we have
also noticed quite an extensive demand among research
groups at large institutions as at our university. Obvi-
ously, C-terminal sequencer degradations have now
reached a practical level which satisfies the big demand
for C-terminal definitions of recombinant products and
for definition of truncation sites in preparations. Even if
several stages of further modifications are still needed to
reach the level of the N-terminal sequencers, the instru-
ments now appear to have become useful tool.
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26. K. H. Diep Le, Martine Mayer, and Florence Led-
erer. Epitope Mapping for the Monoclonal Antibody
that Inhibits Intramolecular Flavin to Heme Electron
Transfer in Flavocytochrome b2 from Baker's Yeast
(L-Lactate Dehydrogenase). (Laboratoire d'Enzymologie
et de Biochimie Structurales, Centre National de la Re-
cherche Scientifique, 91198 Gif-sur-Yvette Cedex,
France)

Each subunit of flavocytochrome b2 (Flb2) is composed
of two folding units, a heme-binding domain (residues
1-99) and an FMN-binding domain or flavodehydrogen-
ase (FDH) (residues 100-511). It catalyzes the oxidation
of lactate to pyruvate. Electrons enter the protein in pairs
via the FMN, which transfers them one at a time to heme
b2. The latter is reoxidized by cytochrome c, the physi-
ological acceptor. Nonphysiological acceptors, such as
ferricyanide, can also reoxidize the protein. We have
previously described the isolation and characterization of
a monoclonal antibody (Mab B2B4) elicited against the
whole protein; it only recognizes the heme-binding do-
main and prevents electron transfer between reduced
FMN and oxidized heme, and hence cytochrome c re-
duction, whereas the FDH domain can be reduced by
the substrate and reoxidized by ferricyanide (Miles et al.,
1988).

We are trying to locate the Mab epitope on the
heme-binding domain using site-directed mutagenesis,
since previous work indicated the epitope to be confor-
mational. We have thus far tested the following mutant
proteins: R38E, E63K, and N69K. The R38E and E63K
mutant proteins exhibit the same enzymatic activity as
the WT enzyme, whereas the N69K variant reduces cy-
tochrome c somewhat more slowly. R38 lies at some
distance from the opening of the heme crevice; the R38E
mutation does not affect the affinity of the protein for
the antibody. The mouth of the heme crevice, from
which the heme edge with the two propionates emerges,
is normally hidden in the natural complex between the
FDH and heme domains. E63 and N69 lie on the surface
close to the hidden interface. The corresponding muta-
tions, E63K and N69K, decreased the affinity for the
antibody by a factor of more than 200. Furthermore, we
have replaced protoheme IX of the heme-binding do-
main by its dimethyl ester. This chemical mutation leads
to a nearly 10-fold decrease in affinity for the Mab,
whereas the domain reconstituted with normal proto-
heme IX behaves exactly as the native one. Affinity con-
stant values were routinely determined using the ELISA
competition method. Whenever possible, their values
were also measured with a Biacore instrument against
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the immobilized Fab fragment and were found to be
identical, within error.

We conclude that E63, N69, and at least one of the
heme propionates belong to the epitope. Thus it must
encompass part of the interface between the FDH and
the heme domain. The Flb2 crystal structure suggests that
the latter is mobile relative to the FDH (Xia and Ma-
thews, 1990). Our results provide direct evidence for
heme-domain mobility in solution. When it has rotated
away from the FDH due to the existence of a hinge at
residues 99-100, which lies outside the epitope, the
mouth of the heme crevice becomes accessible to the
Mab, which then acts as a wedge and prevents refor-
mation of a functional interface between the domains.
Further mutations should contribute to pinpoint other
residues in the epitope, and through model building to
evaluate the extent of the heme domain movements.
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27. T. A. Egorov,1 T. I. Odintsova,2 and A. K. Mu-
solyamov.1 Bisulfide Mapping of G-46 Gliadin. ('En-
gelhardt Institute of Molecular Biology, Russian
Academy of Sciences; 2Vavilov Institute of General Ge-
netics, Russian Academy of Sciences, Russian Federa-
tion)

Wheat seed storage proteins, also known as gluten pro-
teins, are divided into monomeric gliadins (A-, G, and
O-gliadins) and polymeric glutenins (low- and high-mo-
lecular-weight glutenin subunits) containing over 50 pol-
ypeptides (30-100 kD). The main distinction between
these two groups is the ability of glutenin subunits to
form polymers stabilized by interchain disulfide bonds,
while gliadins are proteins with only intrachain disulfide
bonds. In this work, we determined the disulfide struc-
ture of G-46 gliadin, whose partial amino acid sequence
(207 amino acid residues) was established. It was also
shown by ESI-MS that G-46 gliadin contains 8 cysteine
residues and all of them are involved in the formation
of disulfide bonds. In addition, the fragment containing
all disulfide bridges obtained by limited hydrolysis of
intact G-46 gliadin has been isolated (fraction 10) (Ego-
rov et al., 1998).

In this work, for the location of disulfide bonds in
G-46 gliadin, fraction 10 was first subjected to exhaus-
tive hydrolysis with trypsin, and the products formed

were separated by RP-HPLC. In order to locate the di-
sulfide-containing peptide fragments, the major chro-
matographic fractions were reduced, alkylated with
4-vynilpyridine, and separated by RP-HPLC. Both di-
sulfide-containing fractions and constituent peptides
were sequenced. Thus we identified two main disulfide-
containing fractions: fraction 10-4 and fraction 10-5.
Fraction 10-4 consisted of two peptides containing Cys-
173 and Cys-192 (so-called cysteine residues K and L),
and fraction 10-5 was composed of three peptides con-
taining 6 cysteine residues Cys-165 (B), Cys-199 (C),
Cys-200 (D), Cys-212 (F), Cys-283 (G), and Cys-291
(H). The designation of cysteine residues in the super-
family of cereal prolamins is given in Egorov et al.
(1996). For disulfide mapping of fraction 10-5, it was
subjected to exhaustive hydrolysis with chymotrypsin.
Subsequent analysis allowed us to identify two cysteine-
containing fractions 10-5-5 and 10-5-8. Fraction 10-5-5
consisted of only two peptides containing cysteine resi-
dues F and H, while fraction 10-5-8 consisted of 3 pep-
tides containing four cysteine residues B, C, D, and G.
As follows from the partial structure of G-46 gliadin, two
cysteine residues C and D are adjacent. These results
show that cysteine residue B is connected either with
cysteine C or D, while cysteine G is linked to either C
or D cysteine residue.

In summary, the intrachain disulfide bonds of 7-46
gliadin are as follows: Cysl73-Cysl92, Cys212-
Cys291, Cysl65-Cysl93 or Cys200, and Cys283-
Cys200 or Cysl93.
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28. Ipek Erduran and Semra Kocabiyik. The Effect
of Hydrophobic Interactions in the Dimer Interface
of Thermoplasma Acidophllum Citrate Synthase on
Thermostability. (Middle East Technical University,
Department of Biological Sciences, 06531 Ankara, Tur-
key)

Sequence and structural comparisons between citrate
synthase (CS) enzymes (EC 4.1.3.7) from pig heart (op-
timal growth temperature 37°C), Thermoplasma (Tp)
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acidophilum (optimal growth temperature 55°C), and
Pyrococcus furiosus (Pf) (optimal growth temperature
100°C) revealed specific features that may contribute to
thermal stability (Russell et al, 1997). One notable dif-
ference observed from such direct comparisons is at the
subunit interface of dimer, between Archaeal thermo-
philic and mesophilic citrate synthases. The improved
complementarity of the monomers at the eight-helix in-
terface in going from pig CS to TpCS to PfCS may allow
the two monomers to remain associated in an intact di-
mer at high temperatures through optimized packing in-
teractions. In the present study, two hydrophobic
residues, Ala 9 and Ala 104, at the subunit interface in
the TpCS enzyme were replaced by two hydrophilic res-
idues, Ser and Thr, respectively, as found in the enzyme
from the mesophile, pig heart. In addition, two hydro-
philic residues, Gly 209 and Gly 196, at the interface
helices in the TpCS were replaced by two hydrophobic
residues, Ala and Val, respectively, as found in the cit-
rate synthase from hyperthermophile, P. furiosus. The
genes for these mutant proteins A97S, A104T, G209A,
and G196V were constructed using site-directed muta-
genesis and expressed in E. coli TGI, as described be-
fore (Kocabiyik et al., 1996. After heat treatment of the
cell sonicates at 60°C for 15 min, each enzyme was pu-
rified by affinity chromatography on Reactive Red 120
column. The amino acid substitutions Ala 97 to Ser and
Ala 104 to Thr increased the enzyme affinity for both
substrates oxaloacetae and acetyl CoA, as well as its
catalytic activity, as revealed by increase in the Vmax val-
ues. These mutations, which should decrease the inter-
domain hydrophobicity, enhanced thermostability as
compared to wild-type enzyme. Half-lives for irreversi-
ble inactivations at 80°C were 10, 45, and >60 min for
wild-type, A97S, and A104T mutant enzymes, respec-
tively. On the other hand, substitutions Gly 196 to Val
and Gly209 to Ala, expected to increase the internal hy-
drophobicity, decreased enzyme activity, and also the
thermostability, considerably.

In the intersubunit interface of TpCs, a trend toward
hydrophobicity was observed as compared to pigCS, as
opposed to a trend back toward a more hydrophilic na-
ture for the interface in PfCS (Muir et al., 1995). There
is a significant increase in intersubunit ion pairs ob-
served in the PfCS compared with the mesophilic en-
zyme, but no significant increase is observed in the
TpCS compared with pigCS (Kocabiyik et al, 1996).
Therefore, our results may support the notion of a de-
creasing contribution of hydrophobic interactions to pro-
tein stability at temperatures above 90°C (Dill, 1990).
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29. Heinz Faulstich, Werner Kliche, and Markus Tie-
pold. Measurement of the Distance between Two Thi-
ols in a Protein by Kinetic Analysis of a Series of
Cross-Linking Reactions. (Max-Planck-Institute for
Medical Research, Heidelberg, Germany)

A series of thiol-specific cross-linking reagents of the
type R-SS-(CH2)n-SS-R (for R = 3-carboxy-4-nitro-
phenyl and n = 3,6, 7, 8, 9, 10, 12) was prepared, which
in stretched conformation span distances between 8.4
and 19 A. These reagents were used to follow spectro-
photometrically thiol cross-linking reactions in the my-
osin head (subfragment S1). Rabbit muscle myosin S1
exposes 3 rapidly reacting thiols, in the heavy chain the
most reactive SH1 (Cys 707) and the thiol group essen-
tial for function, SH2 (Cys 697), and one thiol in the
light chain, SHLC. We found that the distance between
SHLC and each of the two thiols in the heavy chain was
in all cases too large to be bridged by any of these re-
agents. On the other hand, all reagents were able to span
the distance between SHI and SH2, although at different
kinetics. Based on the idea that the rate of cross-linking
would be highest for the reagent that best matches the
distance between the two thiols, we identified the reagent
with n = 8 as the one with the highest cross-linking
rate, corresponding to a distance between SH1 and SH2
of 15-16 A. This value is in accordance with the value
determined by X-ray analysis (17 A) (Rayment et al.
1993). Different from previous reports (Dalbey et al,
1983; Cheung et al, 1985), we found that the distance
between these two thiols was nearly independent of
whether MgADP was bound to S1 or not. The method
described here allows one to obtain structural informa-
tion on a protein from the kinetic analysis of cross-link-
ing reactions, and is regarded as particularly useful for
studying the molecular dynamics in the myosin head as
associated with the conversion of ATP into mechanical
energy.
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30. Jean Gagnon, Sarah Vial, and Anna Mitraki. Re-
versible Unfolding of Intact and Cleaved Prolyl Oli-
gopeptidase from Flavobacterium Meningosepticum
Induced by Urea. (Institut de Biologic Structurale, Gre-
noble, France)

To study the domain structure of prolyl oligopeptidase
(EC 3.4.21.26) from Flavobacterium meningosepticum,
limited proteolysis was performed using chymotrypsin
or elastase over a wide range of controlled conditions.
The results demonstrated that limited digestion yielded
the cleavage of a single peptide bond, Leul98-Serl99.
The resulting cleaved protein, which retained enzymatic
activity, consisted of a small fragment of molecular mass
23 kDa, the N-domain, and a large fragment of molec-
ular mass 54 kDa, the C-domain-mat carries the active
site. These domains could only be separated under de-
naturing conditions, but could be renatured after dilution
of urea. While the mixture of unfolded N-and C-domains
allowed to refold together regained overall structure and
enzymatic ability similar to renatured cleaved prolyl oli-
gopeptidase, the two domains refolded separately and
subsequently combined adopted a nonnative structure.
This indicates the importance of interdomain interactions
during the folding of prolyl oligopeptidase, and makes
this enzyme an interesting example for the study of in-
terdependent domain folding.

A detailed study of unfolding-refolding of the in-
tact and cleaved proteins after denaturation by urea was
performed. The equilibrium transition could be followed
by recovery of enzymatic activity, by circular dichroism,
and by fluorescence emission, since of the nine trypto-
phan residues in prolyl oligopeptidase, four reside in the
C-domain and five in the N-domain. Results obtained
with all three methods show that the unfolding of both
intact and cleaved enzymes is a reversible process. The
two domains can refold and reassemble correctly even
in the absence of the covalent linkage between them. In
addition, proteolytic digestion of intact and cleaved pro-
teins was used to identify structural elements that persist
even in high urea concentrations. These elements may
correspond to folding subdomains.

In order to understand the role of individual do-
mains in the folding pathway of the prolyl oligopepti-
dase, a study of the refolding transition of the isolated
domains is underway using enzymatic activity, circular
dichroism, and fluorescence emission. To investigate the

kinetic refolding and assembly of the prolyl oligopepti-
dase domains, proteolysis will also be used as a confor-
mational probe.

31. Ruedi Aebersold, Daniel Figeys, Steven Gygi,
Garry Corthals, Paul Haynes, Beate Rist, Jamie
Sherman, Yanni Zhang, and David Goodlett. To-
wards an Integrated Analytical Technology for the
Generation of Multidimensional Protein Expression
Maps. (Department of Molecular Biotechnology, Uni-
versity of Washington, Seattle, Washington)

One of the most dramatic current developments in bio-
logical research is the shift from the analysis of single
genes and proteins to the comprehensive analysis of bi-
ological systems and pathways. This shift is at least in
part the consequence of the development of automated,
high-throughput genomic technologies which have ad-
vanced to a point where, in principle, it has become pos-
sible to determine complete genome sequences and to
quantitatively measure the mRNA levels of all the genes
expressed in a cell. Currently, no comparably powerful
technology is available for the analysis of biological sys-
tems on the protein level. Proteins are, however, the
most significant class of biological effector molecules
and a complete model of a biological process cannot be
established without knowledge of the identity, function,
and state of expression and activity of the proteins in-
volved. A quantitative expression map of the proteins in
a cell or tissue has been termed a proteome. We will
describe a suite of technologies for the identification and
analysis of the proteins which constitute a biological sys-
tem, i.e., for the description of proteomes.

Mass-Spectrometry Based Identification of Proteins

Numerous techniques for the identification of pro-
teins have been described and successfully employed.
They include N-terminal and internal protein sequenc-
ing, identification by amino acid composition analysis,
and a variety of mass spectrometric (MS) approaches.
Currently, MS or tandem mass spectrometric (MS/MS)
analysis of a protein digest and correlation of the ob-
tained data with sequence database entries is considered
the method of choice for protein identification. The sen-
sitivity and the throughput of these techniques are in-
versely related. The most sensitive techniques such as
solid-phase extraction capillary electrophoresis MS/MS
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and nanospray MS/MS have been difficult to automate.
Techniques of lower sensitivity such as liquid chroma-
tography MS/MS have successfully been automated for
higher sample throughput. To achieve both high sensi-
tivity and automation in the same system, we have used
photolithography/etching techniques to develop micro-
machined devices which can be connected on-line with
electrospray ionization (ESI) MS/MS. Multiple samples
concurrently present in different reservoirs on the device
are sequentially and automatically mobilized by an array
of high-voltage relays and electroosmotically pumped,
either directly or after chromatographic or electrophor-
etic separation, to the ion source of the MS instrument.
We have used this system for the identification of nu-
merous proteins separated by high-resolution two-di-
mensional gel electophoresis.

Analysis of the State of Protein Modification

Frequently, the state of modification of a protein
and the specific constellation of modified proteins in a
cell indicate the state of activity of the protein and the
cell, respectively. The analysis of protein modifications
is complicated by a frequently low stoichiometry and
complex patterns of modification, low abundance of the
modified proteins, and the large number and chemical
diversity of protein modifications. The task of analyzing
the state of protein modification in biological systems
has at least three stages. The first is the detec-
tion/visualization of the modified proteins in a protein
mixture. The second step is the identification of those
proteins in a protein mixture which are modified by a
specific modification. The third step is the localization
of the modification(s) within the polypeptide chain of
the identified proteins. Protein and peptide MS and
MS/MS are rapidly becoming the methods of choice for
the identification as well as the analysis of posttransla-
tional modifications.

We have developed and successfully applied a suite
of techniques for the analysis of the phosphorylation
state of proteins. Reversible phosphorylation of proteins
at specific sites is an essentially universal mechanism for
the control of the activity of the phosphorylated protein
and of biological processes. The objectives of the tech-
niques developed were the quantitative determination of
the state of phosphorylation of the small amounts of
phosphoprotein which can be isolated from cells or tis-
sues representing a specific state. These objectives were
achieved by a combination of biochemical, enzymatic,
chromatographic, and electrophoretic techniques which
were used together with ESI MS/MS.

The identification of the proteins in a complex pro-
tein mixture which are modified by a specific type of
modification is almost universally achieved by metabolic
radiolabeling of the protein sample with a metabolic pre-
cursor specific for the modification under investigation,
followed by the separation of the proteins mixture by
high-resolution gel electrophoresis and detection of the
modified protein(s) by autoradiography, fluorography, or
storage phosphorimaging. This technique is purely de-
scriptive and does not in general yield the identity of the
modified proteins. We will describe novel approaches
based on ESI-MS/MS which, in the same operation, de-
tect the proteins modified by a specific group in complex
protein mixtures and also identify the protein by its
amino acid sequence.

Construction of Multidimensional Protein
Expression Maps

With current technology, global and quantitative
mRNA transcript expression maps can be established
rapidly. The construction of similarly comprehensive
protein expression maps (proteome maps) is much more
labor-intensive and much slower. The added cost, time,
and effort required to establish proteome maps is justi-
fied by the added information regarding the state of a
biological system which can be obtained from proteome
analysis.

We have correlated the quantitative mRNA tran-
script expression map obtained from the yeast Sacchar-
omyces cerevisiae with a quantitative proteome map
from the same strain of yeast grown under identical con-
ditions. The quantitative mRNA expression data were
calculated from SAGE frequency tables described in the
literature (Velculescu et al., 1997). The protein expres-
sion data were derived from the quantitative and mass
spectrometric analysis of homogeneous protein spots in
two-dimensional gels. The gels were generated by sep-
arating total yeast cell lysates metabolically radiolabeled
to equilibrium. The analysis of the results indicated that
(i) the mRNA transcript and protein expression levels
for specific genes are poorly correlated, (ii) proteins
coded for by the same gene frequently migrated to dif-
ferent positions in the two-dimensional protein pattern,
indicating the activity of posttranslational modification
and processing mechanisms, and (iii) without selective
enrichment for low-abundance proteins, current pro-
teome technology is limited to the analysis of the most
highly expressed proteins in a cell and is therefore not
comprehensive. We therefore conclude that efforts in
proteome analysis should be focused on the determina-
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tion of those parameters describing the state of a bio-
logical system which cannot be determined by genomic
or genetic means. Such parameters include the quantity
of protein expression, protein half-life, the state of mod-
ification of individual proteins, and the state of associ-
ation of proteins with other molecules.

Protein analysis technology is in the process of be-
ing transformed from a technology focusing on the anal-
ysis of single proteins to the analysis of all the proteins
which constitute a biological system. MS and MS/MS
have become the methods of choice for both the iden-
tification of proteins in biological systems and the anal-
ysis of their covalent structure. The limitations inherent
in current protein analytical technologies with respect to
sensitivity and sample throughput suggest that protein
analysis is best practiced in conjunction with genomic
analysis and that protein analysis should focus on the
determination of those parameters characterizing biolog-
ical systems which can only be determined by direct
protein analysis.
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32. Ann-Charlotte Bergman, Madalina Oppermann,
Hans Jornvall, and Tomas Bergman. Mass Mapping
and Sensitive Edman Degradation -of Gel Separated
Proteins. (Department of Medical Biochemistry and Bi-
ophysics, Karolinska Institutet, S-171 77 Stockholm,
Sweden)

Techniques for protein structure analysis have under-
gone strong development, with sensitivities and capabil-
ities now at a level that was hardly anticipated only a
few years ago. In particular, the increasing need for ef-
ficient tools for the characterization of gene products has
been important for this progress. We have access to in-
strumentation for high-sensitivity preparation, sequencer
analysis, and mass spectrometry, and have tested new
protocols and combinations.

Peptide mass mapping of gel-separated proteins is
a powerful tool for identification (Henzel et al., 1993).
In combination with two-dimensional (2D) gel electro-
phoresis, hundreds of spots can be analyzed in just one
separation (Schevchenko et al., 1996). We have good
results from testing this approach on 2D separated pro-
teins differently expressed in transformed compared to
normal cells (Bergman et al., 1997). The level of a 49-
kDa protein was found to be three times higher in c-jun

transformed cells (rat fibroblasts). To identify this pol-
ypeptide, we cut out the gel spot after staining with
Coomassie. The gel was destained and thoroughly
washed in 30% methanol by end-over-end mixing for 2
days. This washing step is important in order to remove
as much as possible of low-molecular-weight contami-
nants from the gel matrix that would otherwise interfere
with subsequent mass spectrometry. This treatment was
followed by further washing/equilibration in 0.1 M am-
monium bicarbonate, pH 8, mixed 1:1 with acetonitrile.
The washed gel pieces were placed in an Eppendorf tube
and dried in a Speed Vac centrifuge. This was followed
by reconstitution in buffer (0.1 M ammonium bicarbon-
ate, pH 8) containing trypsin at 0.2 Mg/Ml in a volume
just sufficient to cover the gel pieces. Digestion was al-
lowed to proceed for 20 hr at 37°C, whereafter the liquid
was recovered to a new tube. The gel pieces were ex-
tracted with 60% acetonitrile containing 0.1% formic
acid at 30°C for 30 min. The two peptide extracts were
combined and dried. The masses of the tryptic fragments
were determined by electrospray ionization mass spec-
trometry. The masses of 13 tryptic fragments were
screened in the SwissProt database and found to match
the published sequence of rat A-enolase. This identifi-
cation was further verified by collision-induced disso-
ciation mass spectrometry of the fragments and
determination of parts of the amino acid sequence.

A different approach to identification and sequence
analysis of gel-separated proteins is to carry out a tra-
ditional peptide mapping via reverse-phase HPLC and
collect the components for Edman degradation. How-
ever, the amounts of individual proteins separated in 2D
gels are seldom above a few picomoles, thus requiring
sensitive systems for peptide preparation and sequence
analysis. We have tested such an instrument combination
with peptide extracts at the low-picomole to subpicom-
ole level, using a capillary HPLC system, the Microb-
lotter (PE-Applied Biosystems), with column inner
diameter 0.5 mm and flow rate 5Ml/min. The low flow
rate necessitates special technical solutions regarding
fractionation and recovery of the peptide components for
microsequence analysis. The capillary outlet intermit-
tently touches a membrane strip of polyvinylidene di-
fluoride (PVDF) while moving. After sample collection,
the PVDF strip is aligned with the chromatogram for
excision of spots corresponding to peptide candidates for
structural analysis. The PVDF membrane pieces are
mounted in the cartridge of a Procise cLC sequencer
(PE-Applied Biosystems) which has a matching sensi-
tivity. Peptide amounts in the subpicomole range can be
analyzed for extended degradations (15 cycles or more).
The high sensitivity is achieved mainly via minituriza-
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tion of vital parts of the sequencer instrument such as
the cartridge and the column for phenylthiohydantoin
(PTH) identification. The chromatography system de-
tects 100 fmol of PTH-amino acid. This development in
sequencer technology for Edman degradation now also
makes it interesting to analyze proteins from 2D gels
directly after electroblotting to PVDF membranes. Even
proteins that stain very weakly using Coomassie blue,
corresponding to 1-2 pmol, can be efficiently analyzed.
A problem in this approach is when a blocked N-ter-
minus is encountered. Since N-terminal blocking fre-
quently is due to an acetyl group, we are testing a
protocol for chemical deacetylation (Gheorghe et al.,
1997) at the low-picomole level to facilitate direct se-
quence analysis of proteins electroblotted from 2D sep-
arations. This would increase the possibilities to
identification and sequence analysis of gel separated pro-
teins.

REFERENCES
Bergman, A.-C., Linder, C., Sakaguchi, K., Sten-Linder, M., Alaiya,

A. A., Franzen, B., Shoshan, M. C., Bergman, T., Wiman, B.,
Auer, G., Appella, E., Jornvall, H. and Linder, S. (1997). FEBS
Lett. 417, 17-20.

Gheorghe, M. T., Jornvall, H., and Bergman, T. (1997). Anal.
Biochem. 254, 119-125.

Henzel, W. J., Billed, T. M., Stults, J. T., Wong, S. C., Grimley, C.,
and Watanabe, C. (1993). Proc. Natl. Acad. Sci. USA 90, 5011-
5015.

Schevchenko, A., Jensen, O. N., Podtelejnikov, A. V., Sagliocco, F.,
Wilm, M., Vorm, O., Mortensen, P., Shevchenko, A., Boucherie,
H., and Mann, M. (1996). Proc. Natl. Acad. Sci. USA 93, 14440-
14445.

33. Georg Buldt,1 Joachim Heberle,1 Norbert A.
Dencher,2 and Hans-Jurgen Sass.1 Structure, Dynam-
ics, and Function of Bacteriorhodopsin. ('Forschung-
szentrum Julich, IBI-2: Biologische Strukturforschung,
D-52425 Julich, Germany; 2Technische Universitat
Darmstadt, Institut fur Biochemie, D-64287 Darmstadt,
Germany)

Bacteriorhodopsin (bR) is densely packed in hexagonal
two-dimensional lattices, the so-called purple mem-
branes (PM), in the plasma membrane of Halobacterium
salinarum. Oesterhelt and Stockenius (1973) discovered
that bR contains the chromophore retinal covalently
bound via a Schiff base to Lys 216, which enables this
protein to pump protons out of the cell. For an under-
standing of its function it would be desirable to follow
up structural changes in space and time with high res-
olution parallel to the pumping cycle. Information about

structural changes during the working cycle can be ob-
tained in two ways, either by trapping intermediate states
or by time-resolved detection of the scattered intensity
after excitation. Both alternatives were successfully car-
ried out in the case of bR.

After the observation that a proton leaves bR at the
extracellular side during the transition from L to M, the
M-intermediate was considered to be a strategic state for
the pumping process. One of the first trapping experi-
ments of the M-intermediate at low temperatures was
performed by Glaeser et al. (1986), using electron dif-
fraction for detecting the M-state structure. These ex-
periments showed no intensity changes in the resolution
region from 60 to 5 A and small changes between 5 and
3.5 A. Therefore neutron diffraction experiments were
undertaken by Papadopoulos et al. (1990) and Dencher
et al. (1989) with the aim to observe changes in the
distribution of water molecules in comparison to the
ground state. Neutron diffraction patterns of the ground
state and the M-intermediate showed clear differences in
the reflection intensities of up to 9% in S |DI|/SI/ in the
resolution region of 60 to 7 A. By comparing diffraction
patterns between films in H2O and D2O, it was derived
that at least 80% of the differences resulted from
changes in the protein structure and only a minor con-
tribution could originate from a redistribution of water
molecules. These observations indicate that small
changes in the tertiary structure of bR take place during
the photocycle. These results seemed to contradict the
electron diffraction experiments of Glaeser et al. (1986).

It was observed by optical spectroscopy that the bR
mutant Asp96Asn is characterized by a large decrease
in the decay rate of the M-state with increasing pH.
Koch et al. (1991) performed X-ray diffraction experi-
ments on films of this mutant under continuous illumi-
nation at room temperature and pH 9.6. They found
similar intensity changes between the bR568 and M4I2-
state structures as observed in the neutron diffraction
measurements.

In order to examine how these structural changes
correlate with relaxation processes in the photo and
pumping cycle of bR, the structural transition from the
M-state to the ground state was followed by time-re-
solved X-ray diffraction using intense synchrotron ra-
diation (Koch et al., 1991). A comparison of these
structural relaxation times with optical decay rates of
intermediate states in the photocycle indicated that the
observed structural changes decay with the transition
from the N state to the ground state. In functional terms
this means that the structural changes relax after the re-
protonation of the Schiff s base.
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The relaxation of tertiary structural changes was
followed by time-resolved X-ray experiments. The onset
of these changes could not precisely be attributed to pho-
tocycle intermediates. A first hint for an answer to this
problem was obtained from X-ray diffraction experi-
ments on bR mutant Asp96Asn (pH 9.6) at different hy-
dration levels. PM films equilibrated at different relative
humidities (15, 57, 75, and 100% r.h.) were transformed
to the M-state by continuous illumination. Films equil-
ibrated at relative humidities above 60% showed the
known changes in the tertiary structure, whereas films
below 60% r.h. displayed only very small changes in
their diffraction pictures. The corresponding difference
density maps show at high humidity positive difference
density at helices B, F, and G. No significant difference
peaks can be seen below 60% r.h. These experiments
demonstrated that two types of M-states with and with-
out structural changes compared to the ground state ex-
ist. If one assumes that both M-states would occur in
the photocycle also at high hydration but in a sequential
order, the changes in the tertiary structure would develop
within the Maintermediate between M, and M2 and
would relax after the N-state. Reconsidering the earlier
experiments of Glaeser et al. (1986), it might be possible
that the M, intermediate was accumulated and therefore
no changes in the tertiary structure were observed.

With respect to the function of bR, Thiedemann et
al. (1992) were able to show that proton pumping was
only found in samples with hydration levels above 60%
r.h. These results indicate that the observed structural
changes are necessary for proton translocation and that
at least part of these changes may form the switch which
changes the accessibility to the Schiff's base.

Further support for this interpretation of the proton
translocation mechanism was given through the inves-
tigation on the bR mutant Asp38Arg. X-ray diffraction
experiments on samples at pH 6.7 do not show changes
in the tertiary structure of bR, whereas measurements at
pH 9.6 display a diffraction pattern showing the char-
acteristic large structural changes. The interpretation of
these experiments is that at pH 6.7 the M1-state is
trapped under illumination, whereas at pH 9.6 the M2-
state is accumulated. Assuming a sequence of M, and
M2 independent of pH, with individual pH-dependent
relaxation times, it seems that also for this mutant the
observed large structural changes are necessary for vec-
torial proton pumping. In addition, these results give a
clear indication that the changes in the tertiary structure
are driven by alterations in the charge distribution of the
protein which follow the photoisomerization. The sub-
stitution of an aspartic acid by an arginine makes the
charge pattern at the cytoplasmic side more positive ei-

ther directly by the positive charge of the arginine or
indirectly, but more effectively, since another positive
charge is no longer compensated by the interaction with
the aspartic acid. This new charge pattern, more positive
at the cytoplasmic side than in wt bR, could interfere
with the charge variation resulting from the deprotona-
tion of the Schiff base and therefore slow down the large
structural rearrangements. This would result in the ac-
cumulation of the M1 state. Since no large structural
changes are detectable under this condition and if one
assumes a sequential order of M1 and M2 the general
conclusion for wt bR can be drawn that a charge redis-
tribution around the Schiff base and at the extracellular
side of the molecule results in an altered force field
within bR which drives the large structural changes. At
a pH above 9 another group on the cytoplasmic side
might be deprotonated and compensate at least partly the
added positive charge of the arginine. This would allow
the structural changes associated with the transition to
the M2 state to take place.

bR was one of the first integral membrane proteins
to be crystallized in three dimensions (Michel and Oes-
terhelt, 1980). Considerable progress was obtained by
Schertler et al. (1993), using the surfaces of freshly
formed benzamidine crystals as nucleation sites. These
plate-shaped crystals gave diffraction to 3.6 A in the a
and b directions and 4.2 A in the c direction.

A novel concept for the crystallization of mem-
brane proteins in a lipidic cubic phase was reported by
Landau and Rosenbusch (1996). They crystallized bR in
monoolein-water cubic phase and obtained microcrystals
of space group P63 with a unit cell of a = b = 61.76
A, c = 104.16 A, A = B= 90°, and G = 120°. Using a
highly focused beam with a diameter of about the same
size as the crystal strongly increased the signal-to-noise
ratio, so that diffraction patterns of up to 2 A resolution
could be obtained.

The crystal structure of bR was solved by molecular
replacement on the basis of the electron microscopic
structure (Grigorieff et al., 1996) to 2.5 A resolution.
Without going through all the existing uncertainties of
the elements of the proton wire through bR, it is evident
that only the high-resolution picture of an important in-
termediate like M2 or N will give the desired information
for modelling a more probable mechanism for proton
translocation through bR.
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34. Juan J. Calvete,1 Antonio Romero,2 Paloma F.
Varela,2 Dolores Sou's,3 Teresa Diaz-Maurino,3 Man-
fred Nimtz,4 and Libia Sanz.5 Ligand-Binding Ca-
pabilities, 2.4-A Resolution Crystal Structure, and
Characterization of Oligosaccharides of PSP-I/PSP-
II, a Porcine Heterodimeric Lectin of Glycosylated
Spermadhesins. (1Institute de Investigaciones Biome-
dicas, CSIC, Valencia, Spain; 2Centro de Investigaciones
Biologicas, CSIC, Madrid, Spain; 3Institute "Rocaso-
lano," CSIC, Madrid, Spain; 4GBF Braunschweig, Ger-
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The early events of mammalian fertilization involve a
complex series of multiple and highly orchestrated re-
ceptor—ligand systems which may collectively dictate the
species-specific gamete recognition code. Although the
type and hierarchy of interactions have been only partly
disclosed, glycobiological interactions are widely rec-
ognized to play a central role. A number of studies have
demonstrated that gamete recognition and initial sperm-
egg binding are mediated by carbohydrate -binding pro-
teins on the sperm surface and carbohydrate moieties of
the oocyte extracellular glycoprotein coat, the zona pel-
lucida (Sinowatz et al., 1997). Among the variety of
sperm proteins known to display zona pellucida and car-
bohydrate-binding capabilities, spermadhesins emerge as
a novel protein familiy of animal lectins (Dostalova et
al., 1995). Spermadhesins, low-molecular-mass (12-16
kDa) (glyco)proteins built by a single CUB domain ar-
chitecture, are found in the seminal plasma of various
domestic animals, e.g., boar, bull, stallion. Members of
this novel protein family display heparin- and B-galac-
toside-binding activities, bind to the sperm surface at
ejaculation, and are thought to play a pivotal role in

sperm capacitation and in the initial binding of sper-
matozoa to glycans of the oocyte zona pellucida glyco-
proteins.

Porcine seminal plasma protein II (PSP-II), a major
component of seminal plasma, is a glycosylated sper-
madhesin. In the boar seminal plasma, PSP-II associates
with PSP-I, another major glycosylated spermadhesin,
into noncovalent heterodimers (Calvete et al., 1995).
The PSP-I/PSP-II heterodimer displays zona pellucida-
binding activity linked to the PSP-II subunit. In addition,
PSP-II possesses binding sites for sulfated, heparin-like
carbohydrates. This activity is abolished by heterodi-
merization with PSP-I. Furthermore, PSP-I/PSP-II does
not coat to the sperm surface, and thus its function re-
mains elusive. We have worked out a method for the
large-scale isolation of native PSP-I/PSP-II (Calvete et
al, 1995), which has enabled us to crystallize and solve
the crystal structure of the heterodimer at 2.4 A resolu-
tion (Romero et al., 1997). Both subunits of the PSP-
I/PSP-II heterodimer are built by a single CUB domain
architecture. This is the first crystal structure of both a
CUB domain and a zona pellucida-binding lectin. The
CUB domain is made up of two five-stranded mix (par-
allel/antiparallel) B-sheets arranged into an ellipsoidal (3-
sandwich. The dimer interface between PSP-I and
PSP-II is formed by a central hydrophobic core flanked
by a salt bridge, aromatic-polar interactions, and a num-
ber of water-mediated hydrogen bonds. Although differ-
ent spermadhesins display large (60-70%) amino acid
sequence identity, the residues forming part of the PSP-
I/PSP-II interface are not conserved, providing a struc-
tural ground for the heterodimerization specificity.

The availability of its crystal structure makes PSP-
I/PSP-II a paradigm for studying the interaction of zona
pellucida glycans with a member of the spermadhesin
family as a model for gamete recognition in the pig. To
this aim, we have investigated the binding of sperma-
dhesin PSP-I/PSP-II to a series of polysaccharides, gly-
coproteins, and phospholipids. I25I-PSP-I1 bound to yeast
glycoprotein carboxypeptidase Y (CPY) after mild acid
hydrolysis. However, the spermadhesin bound neither to
CPY prior to this hydrolysis treatment nor to the same
glycoprotein after alkaline phosphatase digestion. These
results suggested that PSP-II bound to exposed man-
nose-6-phosphate monoester groups, but not to the "cap-
ped" phosphodiesters present in native CPY.
Furthermore, the binding of PSP-II to hydrolyzed CPY
was selectively inhibited, although at millimolar concen-
trations, by Man-6P and glucose-6-phosphate, but not by
other neutral and acidic monosaccharides, evidencing
that the binding was specific and not only related to the
acidic nature of the saccharide. These results reveal a
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novel class of glycoligands for a member of the sper-
madhesin lectin family. PSP-II did not interact with no-
ticeable avidity with glycoproteins like (asialo)fetuin and
PDC-109, which are good ligands (Kd in the uM range)
of spermadhesins AWN, AQN-1, and AQN-3 (Dosta-
lova et al., 1995; Calvete et al, 1996). The zona pel-
lucida glycoprotein epitopes interacting with PSP-II
have not yet been defined, but appear to be different than
the Gal|,3-GalNAc, and Galpl,4-GlcNAc sequences
recognized by the other spermadhesins (Dostalova et al.,
1995; Calvete et al., 1996).

Recognition of Man-6P by PSP-II was clearly dis-
tinguishable from the binding of sulfated polysaccha-
rides, as evidenced by the sharply different inhibitory
activities exerted by acidic monosaccharides. Thus,
binding of PSP-II to hydrolyzed CPY was selectively
inhibited, although at millimolar concentrations, by
Man-6P and glucose-6-phosphate, but not by other neu-
tral and acidic monosaccharides. However, the binding
of 125I-PSP-II to heparin was selectively inhibited only by
certain acidic monosaccharides, such as galactose-6-
phosphate or mannose-1-phosphate, and not by glucose-
6-phosphate or Man-6P. In addition, heparin exerted
only a partial inhibition of PSP-II binding to hydrolyzed
CPY, suggesting that the binding sites for heparin and
Man-6P may overlap or be in close spatial proximity.
The location of these binding sites at the region of PSP-
II involved in heterodimer formation with PSP-I was
suggested by the fact that the PSP-I/PSP-II heterodimer
displayed neither heparin- nor phosphomannose-binding
activities. Furthermore, binding of PSP-II to mild acid-
hydrolyzed CPY was completely inhibited in the pres-
ence of the PSP-I subunit, although PSP-I did not show
binding affinity for CPY. We have modeled, by molec-
ular docking, the heparin- and carbohydrate-recognition
sites of the PSP-II subunit. Arg43, a residue involved in
heterodimer formation, appears to play a key role in the
binding of both heparin and Man-6P. In our model, the
hydrophobic face of the sugar ring of Man-6P makes
stacking interaction with the aromatic ring of TyrlOS,
and there are hydrogen bonds between Man HO-4 and
the OG of SerlOO and between Man HO-4 and Man HO-
3 and the carbonyl oxygen atom of Glyl09. In addition,
the NE group of Arg43 is involved in two salt bridges
with Ol and O2 of the phosphate group of Man-6P, and
Man-6P HO-1 interacts with the NH1 group of Arg43
through another salt bridge. On the basis of polar inter-
actions and maximum surface complementarity between
a heparin tetrasaccharide, GlcA(2-O-SO3)-GlcNSO3(6-
O-SO3)-IduA(2-O-SO3)-GlcNSO3(6-O-SO3), and PSP-
II, we propose a heparin-binding site extending from
Arg 43 toward Lys37 of the PSP-II molecule. The bind-

ing interface shows a remarkable complementarity in the
energy-minimized complex, rising up to a contact area
of 450 A2. The heparin tetrasaccharide was accommo-
dated into this region making several favorable contacts
with the protein. The GlcA 2-O-sulfate interacts with the
NH1 and NH2 groups of Arg43. The 6-O-sulfate of the
internal glucosamine makes contact with the OG of
Serl7, and the N-sulfate of the reducing GlcN interacts
with the NZ group of Lys37. Furthermore, the IduA car-
boxyl group could be involved in a water-mediated con-
tact with Gln40. Thus, the four sugar residues would be
involved in the binding. The bound tetrasaccharide lies
in line with the Man-6P binding site, the two sites ex-
tending toward opposite sides of Arg43.

It is not clear whether any of the interactions of
PSP-II with Man-6P and heparin have counterparts in
vivo, but the possibility that cryptic binding sites in the
PSP-I/PSP-II heterodimer could be exposed in response
to a specific physiological environment cannot be ruled
out. Nonetheless, our results pave the way for future X-
ray crystallographic studies of the PSP-II-Man-6P com-
plex. This information may be relevant for understand-
ing the molecular basis of Man-6P recognition by
lectins.

PSP-I and PSP-II are both glycoproteins which dis-
play single glycosylation site heterogeneity. However,
only the innermost GlcNAc residue attached to PSP-I
Asn47 was visible in the electron density map. A com-
bination of methylation analysis, tandem mass spectrom-
etry collision-induced dissociation of chromatographic-
separated and permethylated oligosaccharides released
from HPLC-purified PSP-I and PSP-II by PNGase-F, to-
gether with 1H-NMR analysis, showed that PSP-I and
PSP-II are both collections of more than 30 glycoforms,
some of them carrying novel oligosaccharides. PSP-I
and PSP-II glycoforms bear the same neutral, mono- and
disialylated glycans, although in different molar ratios.
Except for one monoantennary structure, all major oli-
gosaccharides are diantennary glycans sharing a
(GlcNAc)2(Man)3GlcNAc(Fuc)GlcNAc core. The 1-6
antenna of most neutral glycans displays terminal
GalAd-3GalBl-4GlcNAc sequence. The 1-3 branch is
more variable, showing lacNAc or GalNAcB1-4GlcNAc
sequences, some of them fucosylated and with or with-
out terminal A1-3-linked galactose. Monosialylated oli-
gosaccharides contain A2-6-sialylated lacNAc or
GalNAcB1-4GlcNAc sequences in their 1-3 antenna
and diverse mono-, di-, tri-, and tetrasaccharides in the
1-6 branch. Disialylated glycans display NeuAcA2-
6Gal|Bl^GlcNAc or NeuAcA2-6GalNAcBl-4GlcNAc
sequences. Mass spectrometric analysis of crystallized,
HPLC-separated PSP-I and PSP-II revealed the presence
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of a variety of glycoforms in crystals of PSP-I/PSP-II.
Examination of the crystal lattice show that glycosylated
residues of PSP-I (Asn47) and PSP-II (Asn98) point to
large solvent channels, and therefore their glycan chains
neither participate in interactions between neighbor mol-
ecules nor do they impose steric constraints for crystal-
lization.
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35. Magnus Gustafsson and Jan Johansson. Struc-
tural and Functional Properties of Pulmonary Sur-
factant Protein C and Related Analogs. (Department
of Medical Biochemistry and Biophysics, Karolinska In-
stitutet, S-17177 Stockholm, Sweden)

The first inhalation can be very difficult for an infant
born prematurely. The lungs, which before birth are
filled with fluid, empty during delivery and are filled
with air at the first inhalation. For the lungs to expand,
phospholipids need to be added to the alveolar interface.
This phospholipid mixture is called surfactant, and is
often lacking in preterm infants, which in turn causes
respiratory distress syndrome (RDS). Pulmonary surfac-
tant consists of phospholipids and at least four different
proteins/peptides (Johansson and Curstedt, 1997). Two
of these, called SP-B and SP-C (with the amino acid
sequence FGIPCCPVHLKRLLIVVVVVVLIVVVIV-
GALLMGL), are hydrophobic and necessary for stabi-
lization of the alveolus by increasing the rate of
phosphlipid spreading and reducing the surface pressure
at the alveolar air/water interface. SP-C contains a 37-
A-long A-helix with unusually many valines. Two thirds
of the 35 amino acids are hydrophobic, and the hydro-
phobicity is further increased by two palmitoyl chains
bound to the Cys residues at positions 5 and 6. The
function of this posttranslational modification is not fully
investigated, but the acyl chains are important for sta-
bility of the A-helix and full surface activity (Qanbar et

al, 1996; Wang et al., 1996). The function of SP-C is
probably to increase the rate of phospholipid spreading
at the alveolar interface (Johanss and Curstedt, 1997).
SP-B is a 79-amino acid-long polypeptide with three in-
tramolecular disulfide linkages. One intermolecular
disulfide linkage makes native SP-B a homodimer. It has
four amphipathic A-helices which probably are of im-
portance for its surface activity. SP-B and SP-C are es-
sential for full activity of surfactants used for treatment
of RDS, which affect about 60,000 preterm infants
yearly within the European community. Today lung sur-
factant is prepared from animal lungs, mostly from pig
and calf, which means that potential risks of contami-
nation and other complications cannot be ruled out. It
would therefore be of value to find a synthetic replace-
ment for existing preparations. This requires detailed
knowledge about the structural properties of SP-B and
SP-C.

A 21-residue synthetic peptide called K.L4 (Coch-
rane and Revak, 1991) with a four-times repeated stretch
of KLLLL has been synthesized and tested for surface
activity. The peptide has been studied using circular di-
chroism (CD) and attenuated total reflection Fourier
transform infrared (ATR-FTIR) spectroscopy. This
showed that the peptide is a transmembrane helix with
the positive charges evenly distributed over the circum-
ference (Gustafsson et al., 1996). This is not compatible
with a proposed functional mechanism of KL4 (Cochrane
and Revak, 1991). The activity of KL4 is therefore im-
portant to study in further detail. Another peptide with
the same composition as KL4 but with a sequence that
forms an amphipathic helix was synthesized in order to
compare its activity to the transmembranous KL4. CD
and ATR-FTIR confirmed that the peptide formed a he-
lix and was oriented perpendicular to the phospholipid
acyl chains. Its surface activity studied with a Wilhelmy
balance was insignificant. Single transmembranous hel-
ices are therefore concluded to exhibit higher surface
activity than corresponding amphipathic ones.

We aimed to design an analogue of SP-C that mim-
ics the spreading properties of SP-C, but does not exhibit
the problems associated with folding of synthetic poly-
valyl SP-C analogues (work submitted for publication).
SP-C(Leu) is based on the amino acid sequence of hu-
man SP-C, but all Val residues in the A-helical part cov-
ering positions 9-34 are replaced with Leu. This peptide
folds into a helical conformation without appreciable
losses of peptides due to aggregation and, notably, also
after treatment with neat acids it refolds into a helical
conformation which, by CD spectroscopy, is indistin-
guishable from the non-acid-treated peptide. This is in
sharp contrast to native SP-C, which upon acid treatment
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is unfolded into a nonhelical structure which does not
refold into a helix, but instead forms virtually insoluble
aggregates. FTIR spectroscopy of SP-C(Leu) in
DPPC/PG/PA (68:22:9, w/w) shows that the peptide
contains about 84% of A-helical structure. From the di-
chroic spectrum where a positive deviation in the amide
I1 band (centered at 1659 cm-1) is observed, we conclude
that the helical stretch is oriented parallel to the lipid
acyl chains. From the dichroic ratios, we have calculated
angles of 22° and 23° with respect to a normal to the
crystal plane for the lipid acyl chain axis and the peptide
helix axis, respectively. These data confirm an orienta-
tion of the helical structure parallel to the lipid acyl
chains. Thus SP-C(Leu) is identical to native SP-C in
terms of secondary structure and orientation in a phos-
pholipid bilayer, but lacks the problems associated with
folding of synthetic peptides with the amino acid se-
quence of the native molecule.

A reverse-phase HPLC system was developed using
a Waters instrument and CI8 (TSK-ODS, LKB, Sweden),
O4 or C8 (Vydac, Hesperia, CA) columns, all with 5 (Mm
particle size and dimensions of 4.6 X 250 mm. The sol-
vent flow was 0.7 ml/min. Ethanol (99.5%, v/v) or meth-
anol (p.a.) with 20-40% (v/v) water and 0.1%
trifluoroacetic acid (TFA) served as initial mobile
phases, and peptides were eluted from the column with
a linear gradient of 2-propanol (p.a.)/0.1% TFA. Using
this system increased the resolution significantly relative
to LH-60 and other normally used purification systems
(Gustafsson et al., 1997). A few minor peaks elute in
the vicinity of the main SP-C peak. Isolation of SP-C
with 75% ethanol as initial buffer gives a better reso-
lution of these unpolar peptides and discloses three
peaks in addition to the major peak. Two overlapping
peaks elute at 71-74% 2-propanol, before the main peak
eluting at 86% propanol, while a fourth peak elutes at
95%. Mass spectrometry shows that the main peak cor-
responds to dipalmitoylated SP-C and that the two early
peaks both contain monopalmitoylated SP-C, having lost
about 240 mass units compared to the main. The two
early peaks may correspond to peptides palmitoylated at
position 5 or 6. The more polar character of the mono-
palmitoylated species compared to the dipalmitoylated
form is reflected in their earlier elution position. The late
peak should then correspond to an unexpected peptide
that is even more hydrophobic than dipalmitoylated SP-
C. Mass spectrometry of this peak shows an ion at m/z
4453, which is 236 Da higher than the dipalmitoylated
peptide. This suggests that it contains three covalently
linked palmitoyl groups.

The poly-valyl A-helix in native SP-C unfolds into
a nonhelical and aggregated structure under acidic con-

ditions and this appears also to increase in more polar
solvents (Johansson et al, 1995a). The A-helical sec-
ondary structure of SP-C and related synthetic analogs
is necessary for optimal functional properties, nonhelical
SP-C being essentially inactive. Reverse-phase HPLC
can be used to differentiate between helical and nonhel-
ical SP-C. A synthetic nonpalmitoylated analogue of SP-
C which has been treated with formic acid and is
nonhelical elutes as a much broader peak than that of
the native peptide. The broad peak is in agreement with
a heterogeneous mixture of aggregated peptides. CD
spectroscopy of this peptide confirms that the broad elu-
tion profile corresponds to a B-sheet-like structure with
a CD minimum around 215 nm. In contrast, the sharp
main peak is predominantly helical and exhibits a CD
spectrum with minima at 208 and 222 nm, which is very
similar to the CD spectrum of SP-C purified by Se-
phadex LH-60 chromatography (Johansson et al., 1995a,
b). This shows that the present HPLC method does not
affect the A-helical secondary structure of SP-C to any
significant degree. HPLC thus affords a way of assuring
the structural integrity of natural or synthetic surfactant
peptides, before functional studies are undertaken.

SP-C in organic solvents transforms from A-helix
to (3-sheet conformation with time (Johansson et al,
1994). The A-helical form of the peptide is thus meta-
stable in organic solvents. This is compatible with the
fact that Val is overrepresented in extended conforma-
tions in aqueous solutions, but forms A-helixes in a lipid
environment (Li and Deber, 1994). In the extended form
the peptide exhibits low surface activity and tends to
aggregate (Johansson et al, 1995a). This aggregation is
irreversible and the peptide cannot be resolubilized. A
peptide called SP-C (Leu) with the valines of SP-C in
the A-helical part changed to leucines was synthesised,
since it was assumed that native SP-C easily aggregates
due to the long stretch of valines. The hypothesis was
that this peptide should exhibit more A-helical content
than the native variant. Experiments has showed that it
is a transmembrane helix and yields about 30% rise in
lung compliance of preterm rabbits compared to un-
treated controls (Nilsson et al, 1998).
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36. P. Roepstorff. Protein Sequencing or Genome Se-
quencing. Where Does Mass Spectrometry Fit into
the Picture? (Department of Molecular Biology,
Odense University, DK 5230 Odense M, Denmark)

THE TRIUMPHAL PROGRESS OF DNA SE-
QUENCING

Advanced technology for determination of DNA se-
quences has become widely available in the last decade
and has been used for sequencing cDNAs and entire ge-
nomes from a variety of organisms ranging from viruses
to human. As a consequence, the amount of DNA se-
quence information entered in publicly accessible data-
bases has increased exponentially in the last decade. This
growth has by far exceeded the growth of sequences
entered in databases based on de novo protein sequenc-
ing. In addition to the genomic sequencing, large-scale
partial cDNA sequencing has resulted in another set of
data, the so-called expressed sequence tags (ESTs), con-
taining stretches of sequence from a large number of
genes from a variety of organisms. The obvious question
is therefore: Does de novo protein sequencing have a
role to play in the future? There is no simple answer to
this question. The genomic sequences only provide in-
formation on the potential of the selected microorgan-
isms and cell types, but does not reflect the actual
situation at any given moment, i.e., which proteins are
expressed and how are they modified. cDNA sequences
or the incomplete ESTs give information on the actually
expressed proteins, but no information on processing and
secondary information. Therefore, studies of the proteins
will never be obsolete, but the questions to address will
be different.

MASS SPECTROMETRY HAS CONQUERED
PROTEIN ANALYSIS

Independently, but coinciding in time, mass spec-
trometric analysis has undergone an equally dramatic de-
velopment. From being an analytical tool for analysis of
small, volatile molecules, new ionization methods, es-
pecially electrospray ionization (ESI) (Fenn et a/., 1989)
and matrix-assisted laser desorption/ionization (MALDI)
(Karas and Hillenkamp, 1988), have increased the ac-
cessible mass range to include nearly all proteins. Mass
accuracy and sensitivity have been improved to routinely
allow molecular mass determination on the 100 ppm
level of peptides and proteins available in only mid to
low femtomole amounts (Jensen et al., 1996). Mass
spectrometry (MS) has been proven ideal for analysis of
peptide and protein mixtures, and partial or complete
sequence information can be generated from the single
components in such mixtures by the so-called MS/MS
techniques. In addition, MS is the ideal technique for
analysis of posttranslational modifications in proteins,
thus being the perfect complement to DNA sequencing.

PROTEOME ANALYSIS THE NEXT STEP
AFTER THE GENOME

Once a genome is sequenced, then the next natural
step is analysis of the proteome, which as defined by
Wilkins et al. (1996) represents the total protein com-
plement expressed by an organism, a cell, or a tissue
type. Proteome analysis involves two essential steps.
First, separation and visualization of the proteins and,
second, identification of the proteins relative to the ge-
nomic sequence, if known. Two-dimensional polyacryl-
amide gel electrophoresis (2D-PAGE) is the only
technique available for separation of all or the majority
of the proteins from a given cell type. Identification of
the proteins is now routinely carried out by mass spec-
trometry after proteolytic digestion of the proteins in the
gel. This can be done either based on peptide maps pro-
duced by MALDI MS or partial sequences produced by
ESI MS [for a complete strategy see Shevchenko et al.
(1996)]. Of these techniques, peptide mapping by
MALDI MS is the simplest and most sensitive, whereas
the sequence-based techniques are more specific. Partial
sequences also often allow identification in cases where
only partial protein sequence information is available,
e.g., in EST databases (Mann, 1996). Upon positive
identification, the corresponding cDNA can then be or-
dered and sequenced.
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CHARACTERIZATION OF SECONDARY
MODIFICATIONS IS ESSENTIAL

Once a protein is identified, then the next obvious
questions are: Are the identified proteins posttranslation-
ally modified and if so, how? If the purified protein is
available, then the strategy is to compare its molecular
mass determined by MS with that calculated based on
the DNA sequence. If these masses are different, then
the modified sites and the types of modification are iden-
tified based on mass spectrometric peptide mapping if
relevant supplemented with MS/MS of relevant peptide
ions or degradation with appropriate enzymes, e.g., gly-
cosidases or phosphatases (Burlingame, 1996; Bean et
al, 1995). If the proteins are only available as spots or
bands in electrophoretic gels, then it is often not possible
to determine the molecular mass of the intact protein,
and characterization of posttranslational modifications
must rely on peptide mapping before and after enzymatic
treatments and when appropriate MS/MS. In such cases
it is essential to obtain complete or very high sequence
coverage in the peptide maps (Moertz et al., 1996; Wilm
et al, 1996a).

WHEN IS DE NOVO PROTEIN SEQUENCING
RELEVANT?

If a protein under identification in proteome studies
comes out as unknown in the database search, then suf-
ficient de novo sequence information must be generated
to allow synthesis of nucleotide probes for subsequent
isolation of the corresponding cDNA from cDNA li-
braries. This has been achieved from silver-stained 2D
gels by ESI MS/MS (Wilm et al., 1996b). In cases where
no genomic or cDNA information is available for the
organism studied, then complete sequencing on the pro-
tein level might be indicated as, for example, in our stud-
ies of insect and crustacean cuticle proteins (Andersen
et al, 1995). In our experience the best strategy for such
complete de novo sequencing involves a combination of
Edman degradation and mass spectrometric analysis
(Roepstorff and Hoejrup, 1993).
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In the present study intrinsic fluorescence (IF), surface
hydrophobicity (S0), electrophoresis, circular dichroism
(CD), differential scanning calorimetry (DSC), and com-
puter-generated analysis were used to study folded and
unfolded proteins from Amaranthus hypochondriacus
(A.h.). Globulin (Glo), albumin (Alb), and albumin su-
btractions (Alb-1 and Alb-2) extracted from A.h. were
denatured with urea and guanidine hydrochloride
(GdnHCl). The obtained results provided evidence for
differences in their secondary and tertiary structures. The
most stable was Glo, followed by Alb-2 fraction. The
larger percent of denaturation in protein fractions, which
is associated with enthalpy and the number of ruptured
hydrogen bonds, corresponds to the disappearance of A-
helix. Predicted functional changes in model protein sys-
tems in response to processing conditions may be en-
countered in the pharmaceutical and food industries.

Our very recent studies have shown that the sus-
tained drug release rate from ovalbumin matrix depends
on the conformational state of the protein (Gorinstein et
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Table I. Fluorescence and Hydrophobicity Properties of Native and Denatured
Amaranth Glo, Alb, Alb-1, and Alb-2 Proteinsa

Amaranth protein

Glo + 0 M urea
Glo + 8 M urea
Alb + 0 M urea
Alb + 8 M urea
Alb- 1 + 0 M urea
Alb-1 + 8 M urea
Alb-2 + 0 M urea
Alb-2 + 8 M urea

Fluorescence intensity

At 274 nm

0.39 ± 0.03
0.27 ± 0.02
0.53 ± 0.02
0.23 ± 0.02
0.47 ± 0.01
0.17 ± 0.01
0.37 ± 0.03
0.20 ± 0.01

At 295 nm

0.21 ± 0.01
0.15 ± 0.03
0.29 ± 0.02
0.13 + 0.01
0.23 ± 0.03
0.11 ± 0.01
0.18 ± 0.02
0.12 ± 0.01

Denaturation

0
28.6
0

55.2
0

55.2
0

33.3

Surface
hydrophobicity

23,399
30,419
43,234
86,312
15,223
25,879
16,724
25,086

a Mean values of triplicates ± standard deviation.

al., 1995; Zemser et al., 1994). Physicochemical char-
acterization of the structural stability of some plant glob-
ulins was observed (Gorinstein et al., 1996). The
function-structure relationships of amaranth protein
fractions were not investigated in spite of their high nu-
tritional value. These proteins can be used as potential
matrices for drug release and food ingredients. Therefore
in this report the function-structure relationships of al-
bumin and globuliu fractions from amaranth have been
studied.

Alb and Glo fractions were extracted from defatted
meal of A.h. with 0.5 M NaCl, then separated by dialysis
against water. Alb-1 was extracted with 0.5 M NaCl or
water used as the first solvent. Another fraction (Alb-2)
was extracted with water after removing Alb-1 and Glo.
Then all fractions Glo, Alb, Alb-1, and Alb-2 were di-
alyzed and freeze-dried (Gorinstein et al., 1996; Konishi
et al., 1991). IF measurements of Glo, Alb, Alb-1, and
Alb-2 at excitation wavelengths (nm) of 274 and 295
(Model FP-770 Jasco spectrofluorometer) were carried
out and fluorescence intensity / was measured. Molec-
ular weight was determined by sodium polyacrylamide
gel electrophoresis (SDS-PAGE). S0 was determined by
1 -anilino-8-naphthalenesulfonate (ANS) -fluorescent
probe measurements (Akita and Nakai, 1990). The ther-
mal denaturation was assessed with a Perkin Elmer DSC
System. All thermodynamic parameters were found. CD
spectra in the presence of GdnHCl were recorded on a
Jasco J-600 spectropolarimeter. Secondary structure con-
tent was calculated using a Provencher nonliner least-
squares curve-fitting program and the results of CD
measurements (Gorinstein et al., 1996). Two dimen-
sional gel electrophoresis (2DE), blotting and sequence
of amino acids, and search for homology based on com-
puter-generated data of the sequence of amino acids res-
idues were used for a peptide plot (Kyte and Doolittle,
1982).

2DE of Glo showed protein spots in the range of
17, 22, 28, and 30-38 kDa. Glo and Alb-2 contained
similar major 2DE patterns in the range of 36 -38 kDa.
The main spots of 17, 22, and 28 kDa were sequenced:
spot 1 (17 kDa); EDIVPSG(T); spot 2 (22 kDa):
KKKNKPFNFFKEDPD; spot 3 (28 kDa):
KSKDKKKNDDPYY. Peptide sequences of these three
spots were compared. Homology was found with other
plants.

Fluorescence spectra of Glo, Alb, Alb-1, and Alb-
2 demonstrated peaks (nm) at 338, 346, 346, and 351,
respectively. This means that tryptophan residues are sit-
uated closed to the surface of the molecule in the case
of albumins (Alb, Alb-1, and Alb-2) and is consistent
with less compact and more hydrophobic structure in
comparison with Glo. At •Gexcitaliol, = 274 nm very slight
shoulders were seen only in Glo Gemissioa = 308 nm; / =
0.188) and in Alb-2 (•Gemissmn = 308.5 nm,I = 0.206),
which was evidence of tyrosine. At Gcxcitalkm = 295 nm
tyrosine was not shown. Fluorescence measurements
showed a decrease in fluorescence intensity and a shift
in the maximum of emission reflecting unfolding of
these proteins with urea (Table 1). The percentage of
denaturation for Glo, Alb, Alb-1, and Alb-2 proteins
with 8 M urea was 28.6, 55.2, 52.2, and 33.3%, respec-
tively. The fluorescence intensity gradually decreased
with the increase in urea concentration The difference in
the extent of denaturation between the protein fractions
may be explained by the differences in amounts of
amino acids and by the sulfur bridges existing in such
proteins.

Surface hydrophobicity was the highest for Alb.
Alb-2 and Alb-1 had lower values than Glo. Glo has
more compact tertiary structure and less hydrophobic
surface than albumin. Increase in surface hydrophobicity
was correlated with the increase in the extent of protein
denaturation and can be explained by the altered, par-
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tially unfolded globulin and albumin conformation in-
duced by urea. Unfolding of albumins and globulin is a
result of promoted interactions between exposed func-
tional groups which involve transconformations of ex-
helix, % (in native: Glo = 31; Alb = 5; Alb-1 = 4, and
Alb-2 = 16), 3-sheet, % (in native: Glo = 27; Alb =
37; Alb-1 =41, and Alb-2 = 26), and aperiodic struc-
ture, % (native: Glo = 42; Alb = 58; Alb-1 = 55, and
Alb-2 = 53).

Denaturation brought an increase in (3-sheet con-
tent, % (Glo = 47; Alb = 53; Alb-1 = 57, and Alb-2
= 60) reduction of A-helix, % (Glo = 11; Alb = 0;
Alb-1 = 0, and Alb-2 = 8). The thermal denaturation
of albumins and globulin expressed in terms of temper-
ature of denaturation (Ta, °C), enthalpy (DH, kcal/mol),
and entropy (DS, kcal/mol K) showed similar changes
in protein fractions as were characterized by fluores-
cence. Number of hydrogen bonds n ruptured during this
process was calculated from these thermodynamic
parameters and then used for determination of the degree
of denaturation (%D). These results show that during
denaturation 19 hydrogen bonds were ruptured in native
Glo compared with 29 in Alb and 21 in Alb-2.

Predicted hydrophobicity, the position in the se-
quence of basic and hydrophobic, and of acidic and hy-
drophilic amino acids (Kyte and Doolittle plots of
hydropathy), and changes in A-helix and B-sheet were
calculated.

In summary, thermal denaturation parameters, S0 ,
and the content of secondary structure show that Glo and
Alb-2 have similar conformational changes and degree
of denaturation, suggesting that Alb-2 is also a storage
protein like Glo.
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Lectins are a structurally very diverse class of proteins
which bind reversibly and with high specificity mono-
and oligosaccharides without enzymatically modifying
them. Lectins were discovered more than 100 years ago
in castor bean, and since then hundreds of different lee-
tins have been characterized from plants, animals, bac-
teria, and viruses. Lectins of the same protein family
exhibit specificity for different saccharides or recognize
different determinants of the same complex carbohydrate
structure. Hence, lectins are well suited for acting in a
large number of biological processes (including lympho-
cyte function, cell communication and signal transduc-
tion, host defense, fertilization, development, etc.) by
deciphering the glycocodes encoded by the tremendous
variety of glycans attached to soluble and integral mem-
brane glycoconjugates. The most thoroughly studied lec-
tins are those isolated from leguminous plants, such as
peas and beans. Leguminous plant lectins, although dif-
fering in carbohydrate-binding specificity and quaternary
structures, have a common three-dimensional confor-
mational motif, the so-called "lectin fold." Conserva-
tion throughout evolution suggests that lectins must have
important functions; however, the function of plant lec-
tins remains elusive. Proposed functions include a stor-
age or transport role for carbohydrates in seeds, binding
of nitrogen-fixing bacteria to root hairs, inhibition of
fungal growth or insect feeding, and a role in hormonally
regulated plant growth and development (Rudiger,
1997).

Besides their physiological roles, studies on lectins
have made important contributions to our understanding
of protein-carbohydrate interactions. In addition, lectins
have been extensively used as tools for glycoconjugate
purification and characterization as well as specific rea-
gents for biomedical research (Van Driessche et al.,
1996). The large majority of leguminous lectins that
have been isolated and characterized belong to the Phas-
eoleae and Vicieae tribes of the Papilionoideae subfam-
ily of Leguminosae. The genus Vatairea of the tribe
Dalbergieae of the same family and subfamily of plants
comprises seven species of leguminous trees. Here we
report the first determination of the covalent structure
and posttranslational mechanism of a lectin isolated from
seeds of a species of the genus Vatairea, Vatairea ma-
crocarpa Duke, a tree growing in northeastern Brazil.

VML is a galactose-binding lectin isolated from
Vatairea macrocarpa seeds. By SDS-polyacrylamide
gel electrophoresis, VML is a glycoprotein composed of
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a major 32- to 34-kDa double band (alpha chain) and
minor 22-kDa and 13-kDa bands. Edman degradation
analysis of electroblotted samples showed that the 34-,
32-, and 13-kDa bands possess identical N-terminal
amino acid sequences, SEVVSFSFTKF. N-terminal se-
quence analysis of the 22-kDa band yielded
KS(I/V)QTVAVEFDT and S(I/V)QTVAVEFDTF, in-
dicating that this band may contained a polypeptide par-
tially processed at the N-terminus. In addition, the two
residues at position 3 were present in almost equimolar
quantities. The complete amino acid sequence of VML
was determined by Edman degradation of reversed-
phase HPLC-isolated proteolytic peptides:

The lectin is composed of a 240-amino acid alpha
chain. Residue heterogeneities at positions 117 (I/V),
148 (M/K), 154 (G/A), and 168 (E/Q) suggest that Va-
tairea macrocarpa seeds may contain a mixture of
highly related lectins. VML is partially cleaved at the
N114-K115 peptide bond. Similarly to concanavalin A
and other lectins displaying mixtures of intact and
cleaved subunits, cleavage of VML a-chain occurs at
the carboxyl side of an asparagine residue (Min and
Jones, 1994), suggesting that splicing may be catalyzed
by a conserved asparaginyl endopeptidase proteolytic ac-
tivity. However, unlike most two-chain legume lectins,
which are produced by posttranslational removal of an
internal polypeptide, processing of VML only involves
the cleavage of a single peptide bond. The primary struc-
ture of VML displays similarity with other leguminous
lectins, particularly with Erythrina, Robinia, and So-
phora lectins.

VML contains two N-glycosylation sites at Asn111
and Asn183. Both sites are occupied with the typical
plant N-glycan Manal-6[(Manal-3)(Xyl(31-
2)]Man|31-4-GlcNacpl-4(Fucal-3)GlcNAc, as deter-
mined by tandem mass spectrometry and methylation
analysis. The carbohydrate structure of VML is identical
to the carbohydrate chain of Robinia pseudoacacia and
Erythrina variegata seed lectins determined by 1H-
NMR spectroscopy. N-linked oligosaccharides having a
P1,2-linked xylose attached to the p-linked mannose of
the core structure appear to be a common characteristic
of different allergenic proteins (Zeng et al, 1997). The
xylose units on these glycans may play a critical role in

allergenicity as well as in regulating the targeting of
these proteins to various organelles such as storage bod-,
ies.

Many leguminous plant lectins display pH-depen-
dent oligomeric structures. The molecular mass of VML
in buffers of different pH was investigated by analytical
equilibrium sedimentation. The apparent molecular mass
was 122-130 kDa and this value did not change in the
pH range of 2.5-8.5. These results clearly indicated that
native VML is a homotetrameric protein and that its qua-
ternary structure is not pH dependent.

Mass spectrometric analysis suggested a mecha-
nism for the proteolytic processing of VML. Thus, Va-
tairea macrocarpa lectin contains a mixture of doubly
(VML alpha-1, 28,525 Da) and singly (VML alpha-2,
27,354 Da) glycosylated alpha chains. Cleavage of VML
alpha-2 at the peptide bond N114-K115 produces a non-
glycosylated v-chain (residues 1-114, Mcalc 12,304 Da;
Mmeas 12308 Da) and a mixture of C-terminally truncated
B-chains (residues 115-239) glycosylated at N183
(glyco-beta-1, Mcalc 14,954 Da; Mmeas 14,957 Da) and
nonglycosylated (beta-1, Mcalc 13,783 Da; Mmeas 13,782
Da). This strongly suggests that deglycosylation of N111
is a necessary step before proteolytic cleavage of N114-
Kl 15 can occur, because the glycan moiety attached to
N111 sterically hinders the action of the endopeptidase.
The ion of 13,673 Da may correspond to a mixture of a
doubly charged quasimolecular ion of 27,354 Da (Mcalc

13,678 Da) and a deglycosylated beta chain comprising
residues 116-239 with isoleucine at position 117 (Mcalc

13,670 Da). This latter assignment is consistent with N-
terminal sequencing of electroblotted VML chains.

Posttranslational processing of concanavalin A
(Papilionoideae subfamily, Phaseoleae tribe) in matur-
ing jackbeans also involves activation by deglycosyla-
tion of an inactive precursor (glyco-pro-Con A).
Pro-Con A is then cleaved to produce b and -y fragments
which are religated in a different order to produce ma-
ture Con A. The new junction is a peptide bond between
mature 118 and 119 (Wang et al., 1975). Our results
show that VML processing does not involve such cir-
cular permutation. The mannose/glucose-specific lectin
B-SJA-II isolated from barks of Sophora japonica is,
like VML, a two-chain lectin (Ueno et al., 1991). The
N-terminal sequences of the B-SJA-II fragments corre-
spond to amino acid sequences of VML initiating at
positions 1 and 115. Since Sophoreae (B-SJA-II) and
Dalbergieae (VML) are at the root of the Papilionoideae
phylogenetic tree, these data indicate that posttransla-
tional cleavage evolved early in this branch of legume
plant evolution, and support the view that circular per-
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mutation originated later and might be restricted to
members of the Phaseoleae tribe.
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Peptides bound on cell surfaces on MHC (major histo-
compatibility complex) molecules play an important role
in the immunologic communication between cells of the
immune system and somatic cells. While exogenic anti-
genes after phagocytosis are processed by the lysosomal
system and presented via MHC class II molecules, en-
dogenous proteins (i.e., viral and defect cellular proteins
and self-antigenes) are degraded in the cytosol by a mul-
ticatalytic proteinase complex, the 20S proteasome. The
resulting peptide fragments are transported into the en-
doplasmic reticulum, and there they can assemble with
MHC class I molecules and be transferred to the cell sur-
face.

First evidence for the involvement of MHC class I
molecules in antigen presentation was the finding that T
cells recognize virus-infected cells and cells with artifi-
cially modified proteins. When the MHC class I peptide
complexes interact with T cells (via T-cell receptors) a
cytotoxic lysis of the presented cell occurs. This is an
important mechanism for elimination of virus-infected or
defective cells (Tanaka et al., 1997).

Peptides binding in the MHC class I peptide bind-
ing groove identified up to now display some common
sequence characteristics: the peptide length varied from
8 to 13 amino acids (most 8 to 9), and typically they
contain two invariant "anchor" residues. These consen-
sus motifs vary in each MHC class I allele. In most

peptides the C-terminal amino acid is a hydrophobic
one; only for few alleles is a basic amino acid at the C-
terminus found. A lower stringency exists for the first
or second N-terminal residues, and there is some evi-
dence that amino acids in the central section of the pep-
tide have an influence on peptide affinity to the MHC
groove. Falk and Rotzschke (1993).

It is well accepted now that 20S proteasome, a
ubiquitous cytosolic proteinase of a new Thr-proteinase
family (N-terminal hydrolase), is mainly involved in
generating antigenic peptides. Proteasome 20S is a 700-
kDa dimeric complex, composed of 14 different subunits
organized in four stacked rings (ABBA). In X-ray crys-
tallographic studies applying site-specific mutagenesis
and inhibitors, Seemuller et al. (1995) and Groll et al.
(1997), respectively, identified three active sites in the
inner B-rings. More than five discret catalytic activities
against short fluorogenic peptides are described (behind
hydrophobic, basic, acidic, branched, and aromatic
amino acid carboxyl termini), and analysis of peptides
generated in digests of larger peptide substrates permit-
ted the conclusion that proteasome has a broad cleavage
specificity (Kuckelkorn et al., 1995).

There are some hints that flanking residues in se-
quences have an influence on usage of cleaving sites,
but there is only poor knowledge of how epitopes are
selected and if there is a protection of immunodominant
epitopes against further degradation (Del Val et al.,
1991). The aim of our studies was to analyze to what
extent the composition of a sequence could influence the
peptide degradation by proteasome and if there emerge
preferences for potential immunogenic epitopes.

pp89 with C-terminal deletions:

A synthetic 25-mer polypeptide of the viral protein
pp89 from murine cytomegalovirus (MCMV) including
an immunodominant epitope (YPHFMPTNL) restricted
on MHC H-2Ld and mutated polypeptides derived from
pp89 were used as substrates. Incubation was performed
with purified 20S proteasome for 24 h and final digestion
products were fractionated by RP-HPLC. The single sig-
nificantly UV absorbing fractions obtained were ana-
lyzed with MALDI/TOF and/or N-terminal
microsequencing. A special problem in identifying the
single peptides correctly from the complex peptide frac-
tions by mass values was related to the selective oxi-
dation of the methionines, tryptophan and tyrosine
resulting in many different O16 modifications under
HPLC or MS-operating conditions. Therefore, to obtain
semiquantitative data, in almost all cases reliable align-
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In further experiments we exchanged each amino
acid in the epitope and the flanking amino acids of the
25-mer peptide with the small amino acid Ala (U). Sur-
prisingly, comparing all proteasome hydrolysis products
observed, we found that in the case of Ala substitution
in position, 8-10, only a few fragments resulted with the
correct Leu at the C-terminus of the epitope which is
essential for MHC binding. However, Ala exchange in
positions 11-14 of the epitope preferentially produces
peptides with a correct C-terminus and a required epi-
tope length of 8-11 amino acids.

Next we will verify the effect of generated mutated
Ala epitopes (9-mers) on MHC stability on cell surfaces.
Knowledge of criteria for epitope generation and mainly
for the stability of epitopes may be helpful in design of
synthetic peptide vaccines for inducing cytotoxic re-
sponses against chosen proteins in viral or tumor ther-
apies.
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L-Asparaginase (EC 3.5.1.1), the enzyme which converts
L-asparagine to L-aspartic acid and ammonia, has been
used as a chemotherapeutic agent (Broome, 1961; Ad-
amson and Fabro (1968). The clinical action of this en-
zyme is attributed to reduction of L-asparagine since
tumor cells, unable to synthesize this amino acid, are
selectively killed by L-asparagine deprivation (Haley et
al., 1961).

We have recently purified to homogeneity L-aspar-
aginase from Thermus thermophilus HB8, a microorgan-
ism with optimal growth temperature at 65°C (Pritsa et
al., 1997). The enzyme has a molecular mass of around
200 kDa as calculated by gel filtration chromatography
and 33 kDa when it is analyzed by SDS-polyacrylamide
gel electrophoresis. This is in agreement with the results
obtained so far from L-asparaginases of prokaryotic and
eukaryotic origin (Whelan and Wriston, 1969; Lough et
al., 1992).

After blotting of the purified enzyme from T. ther-
mophilus onto PVDF membrane, the sequence obtained
by Edman degradation was the following:

SAEVLVYRGSLVENRHHVVL

Computer-assisted comparison of the above amino acid
sequence with L-asparaginases from other organisms
showed high homology to a conserved internal region
(position 259-278) of L-asparaginases from plant
sources (see Fig. 1). In a further attempt to get more
information on the primary structure of the enzyme, the

Fig. 1. Homology of the L-asparaginase from Thermus thermophilus
and from plants.

ment of the generated peptides could be achieved only
by applying mass spectrometric analysis as well as Ed-
man sequencing.

At first we reduced the length on the C-terminus
(E) of the 25-mer following the epitope. In evaluation
of the experimental data it was found that for an efficient
cut behind the C-terminal Leu of the epitope a flanking
length of six or seven amino acids is necessary. This
result exhibits a good correlation with the distance be-
tween catalytic sites in the inner proteasomal cylinder as
recently shown by Groll et al. (1997).

pp89-Ala exchanges (|)
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purified protein was subjected to tryptic digestion and
the peptides were separated by RP-HPLC and analyzed
by the Edman method. The obtained sequences, which
again corresponded to "conserved internal" regions of
the asparaginases available in the databases (see Fig. 1),
are the following:

(I) RGADGYYGLALLEGP
(II) E (or K) DNMEDP (P) LP

Interestingly, as mentioned above, the obtained se-
quence of L-asparaginase from T. thermophilus of the
intact, blotted protein showed a high homology to an
internal region (259-278) of similar plant asparaginases.
It was reported (Heintich et al., 1993) that NH2-terminal
blocked proteins can give a false NH2-terminal sequence,
due to the cleavage of some internal labile peptide
bonds. It is possible that the sequence obtained from the
blotted protein is the nonblocked NH2-terminal se-
quence, whose primary structure is different from the
other reported asparaginases.

In conclusion, our results concerning the molecular
weight determination as well as the similarity with other
L-asparaginases lead to the conclusion that L-asparagi-
nase from T. thermophilus is an enzyme with molecular
mass of about 33 kDa, behaves as a hexamer, and pos-
sibly has a blocked NH2-terminal.
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41. Harald Tschesche. Bimolecular Interaction of
Matrix Metalloproteinases and Their Inhibitors
Timps. (Bielefeld University, Germany)

Matrix metalloproteinases are a family of at least 15
zinc-and calcium-dependent endopeptidases that exhibit
proteolytic activity toward most of the constituents of
the extracellular matrix. Therefore, they are highly in-
volved in physiological processes like embryonic devel-

opment, angiogenesis, tissue remodeling, and wound
healing and pathological processes like rheumatoid ar-
thritis, periodontosis, tumor formation, metastasis, liver
fibrosis, cystic fibrosis, aneurysm, etc. Because of their
substrate specificity and domain structure, matrix metal-
loproteinases can be divided into groups of two gelati-
nases, four stromelysins including matrilysin, four
membrane-type MMPs, the metalloelastase, and three
collagenases. The collagenases (fibroblast collagenase,
neutrophil collagenase, and collagenase-3) exhibit the
unique ability to cleave triple-helical collagen. They are
secreted as inactive multidomain proenzymes, with the
active-site zinc blocked by an unpaired cysteine within
a strongly conserved PRCGVPD sequence motif of the
circa 80-residue propeptide which is removed in a step-
wise process upon activation (Tschesche, 1995). Follow-
ing the propeptide there is the zinc-and calcium-binding
catalytic domain of about 170 residues and the hemo-
pexin-like domain of circa 210 residues, which is im-
portant for substrate specificity.

The neutrophil collagenase (MMP-8) is synthesized
during the early phases of cellular differentiation and is
stored as a highly glycosylated protein in the specific
granules of neutrophils being secreted as proenzyme af-
ter initiation by inflammatory mediators. In vitro, acti-
vation cleavage initiated by proteinases, mercurials, or
oxidants leads to active species having either Phe79,
MetSO, or Leu81 as the N-terminal residue and differing
significantly in activity. The predominant species upon
stromelysin-1 activation is the Phe79 form and because
it is approximately 3.5-fold more active than the two
other species, this phenomenon has been called "super-
activation" (Knauper, 1993; 1996; Reinemer et al.,
1994). Likewise, fibroblast collagenase can be "super-
activated" by stromelysin-1 with an increase of prote-
olytic activity up to 12-fold (Murphy et al., 1997). Both
the catalytic domains of MMP-8 with the N-terminal
Phe79 and the N-terminal MetSO have been expressed
in E. coli and crystallized. Determination of the X-ray
structures reveals that the N-terminal Phe79 ammonium
group makes a salt link with the side-chain carboxylate
group of Asp232 resulting in a more compact N-termi-
nus and probably stabilization of the catalytic site via
strong hydrogen bonds made by the adjacent Asp233
with the "Met-turn" which forms the base of the active-
site residues (Reinemer et al., 1994).

The physiological antagonists of this proteinase
family are the tissue inhibitors of metalloproteinases
(TIMPs) comprising at least four proteins with different
molecular weights ranging from 21 kDa for TIMP-2 and
TIMP-3 and 22 kDa for TIMP-4 up to 28.5 kDa for
TIMP-1, which is glycosylated. The TIMP molecules
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consist of 184-196 amino acids, which include 12 highly
conserved cysteine residues involved in the formation of
six disulfide bonds that hold together six loops (Greene
et al., 1996). MMP inhibitory activity of TIMP-1 and
TIMP-2 was located to the three N-terminal loops (in-
hibitory domain, idTIMP), while the C-terminal loops
include a second binding site for the gelatinases outside
their catalytic domain. Because of these at least two sites
there are a lot of binding modes comprising binary com-
plexes like progelatinase B/TIMP-1 or gelatinase
A/TIMP-2, ternary complexes like progelatinase
A/TIMP-2/MMP-8 or gelatinase B/TIMP-1/low-molec-
ular-weight stromelysin-1, and quaternary complexes
like progelatinase B/lipocalin/TIMP-1/gelatinase B
(Kolkenbrock et al., 1991).

Because of these various interactions concerning the
balance between TIMPs and MMPs or the cellular activity
it is of increasing interest to analyze complex formation
at a molecular level. One of the latest methods to analyze
these biomolecular interactions uses the BIA systems
(e.g., BIAlite™ or BIAcore 2000™, Pharmacia) combin-
ing surface plasmon resonance detection, a suitable sensor
chip chemistry, and an integrated flow system. The biom-
olecular interaction between an analyte and a ligand cou-
pled to the sensor chip surface can be detected because
surface plasmon resonance measures changes in refractive
index close to the sensor surface proportional to the sur-
face concentration (g/m2) of the analyte.

The dissociation constants of the complexes of the
catalytic domains of cdMMP-8phc79 and of cdMMP-8Met80

with the inhibitory domain, idTIMP-2, and TIMP-2
(81.4 and 18.8 nM with idTIMP-2, and 37.3 and 9.7 nM
with bovine TIMP-2) were determined by fitting the
parameters of the mathematical term for the binding of
collagenase onto the TIMP-coupled sensor chip surface
to the saturation curve derived from the individual sen-
sorgrams. The resulting K-values are in the nanomolar
range and were compared with the results of the fluo-
rescence measurements from cleavage of the fluorogenic
substrate Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH2 at
the Gly-Leu bond.

Although bovine TIMP-2 is not the species-specific
inhibitor of human neutrophil collagenase, it seems to
be a stronger inhibitor of both variants of MMP-8 than
the inhibitory domain of human TIMP-2, supporting the
thesis that full-length TIMPs comprising the C-terminus
are stronger MMP inhibitors than the truncated forms.

Moreover, the inhibitory domain of human TIMP-
2 and the bovine TIMP-2 inhibit the 'activated' catalytic
domain of human neutrophil collagenase with N-termi-
nal MetSO better than the 'superactivated' variant with
the additional N-terminal Phe79. The ammonium group

of this phenylalanine makes a salt link with the side-
chain carboxylate group of Asp232, so that the N-ter-
minal peptide chain is bound to the globular protein
structure as shown by X-ray analysis. This putative more
rigid structure of the phenylalanine 79-stabilized cata-
lytic domain of human neutrophil collagenase seems to
be not only the reason for the higher activity of this
variant, but also for the more difficult induced fit in the
complex formation of enzyme and inhibitor. As the cat-
alytic domain of stromelysin-1 comprises the homolo-
gous residues Phe83 and Asp237, which form no salt
bridge due to the binding of TIMP-1, as demonstrated
by X-ray analysis (Gomis-Ruth et al., 1997), we assume
that the salt link of the 'superactivated' collagenase has
to be disrupted when TIMP-2 binds to this variant. The
other way round, binding to the 'activated' collagenase,
is facilitated by the absence of this salt bridge. Therefore
we propose that there is functional correlation of enzyme
structure, 'superactivation,' and weaker inhibition by
TIMP (Farr, M., et al., submitted for publication).

We also have studied the mode of complex for-
mation between a new type of MMP and TIMP. The
complex formed from the unknown structure of the cat-
alytic domain of the first human membrane-type MMP
(cdMTl-MMP) and natural bovine TIMP-2 has been
crystallized and analyzed for its 2.7-A structure. The
overall structure resembles that of the MMP-3-TIMP-1
complex. Both proteins are considerably tilted to one
another. The binding edge of the wedge-shaped inhibitor
consists of the N-terminal five-residue segment and two
flanking loops and slots on either side into the active-
site cleft of the catalytic domain of MT1-MMP
(cdMTl-MMP). The structure of the cdMtl-MMP ex-
hibits a typical MMP fold and active site, with the extra
inserted "MT-loop" pointing away from the molecular
surface rather than extending into the active-site cleft.
The folding pattern of TIMP-2 resembles that of TIMP-
1; however, the A-B loop forming part of the molecular
edge is much more elongated, wrapping around the S-
loop and the B-sheet rim of the MT1-MMP. Obviously
the acidic C-terminus of TIMP-2 involved in binding to
progelatinase A is disordered. The large S1' specificity
pocket of cdMTl-MMP is occupied by the Ser2 side
chain of TIMP-2. The Oy points toward the carboxylate
Glu240. No obvious reasons can be found from the ob-
served structure of MT1-MMP for the low affinity to
TIMP-1 (Fernandez-Catalan, C., et al., in preparation).
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The secondary structure of the two peptides was
predicted by the method of Gamier et al. (1978) to be
as follows (H, helix; T, turn):

1 10 20

Peptide A HHHHHHHHHHHHHHHH .. JTTTT ..

Peptide B HHHHHHHHHHHHHH . . TT . TTTTT.

The secondary structure of peptide A in solution is cur-
rently under investigation using 2D NMR techniques.
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43. Margareta Stark, Hans Jornvall, and Jan Jo-
hansson. Identification of Hydrophobic Bile Proteins.
(Karolinska Institute!, Department of Medical Biochem-
istry and Biophysics, S-171 77 Stockholm Sweden)

Proteins are the third most abundant solid in bile and
comprising approximately 5% by dry weight (Holan et
al, 1979). Some of the proteins have been identified,
such as hydrophobic fragments of Cl protease inhibitor
activation peptide, A,-antitrypsin activation peptide, A1-
antitrypsin inactivation peptide (Leu377-Lys418) (Johans-
son et al., 1992), and the small amphiphatic proteins
anionic polypeptide fraction and calcium-binding protein
(Martigne et al., 1985; Lafont et al., 1997). Two-dimen-
sional gel electrophoresis of rat bile shows a population
of about 30 major proteins, 10 of which have been iden-
tified (immunoglobulins, albumin, haptoglobin, transfer-
rin, and A2-macroglobulin) (Pol et al., 1997).

In the pathogenesis of cholesterol gallstones in
man, supersaturation of cholesterol in gallbladder bile is
necessary, but is not sufficient to completely explain
gallstone formation (Holzbach, et al., 1973); a nucleating
factor is also needed. Some proteins (e.g., mucous gly-
coprotein, concanavalin A-binding protein, and immu-
noglobulins) act as pronucleating agents, i.e., accelerate
the nucleation of cholesterol crystals (Harvey et al.,
1991), and others, (e.g. apolipiprotein A-I and A-II) act
as antinucleating agents, i.e., slow the nucleation of cho-
lesterol from bile (Kibe et al., 1983). It is likely that
both types of proteins coexists in bile and the balance
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42. Eleni Sintihaki,1 Panayota Minakaki,2 Chryssa
Tzougraki,2 Spyros Loukas,1 and Chariklia I. Stas-
sinopoulou.1 Solid-Phase Synthesis and Structural
Studies of the N-Terminal 25 Peptides of Ribosomal
S2 Proteins from Th. Thermophilus and E. Coll. (1In-
stitute of Biology, NCSR "Demokritos," Ag. Paraskevi
153 10, Greece; 2Department of Chemistry, University
of Athens, Athens 15771, Greece)

The homologous ribosomal proteins S2 from Th. ther-
mophilus and S2 from E. coli present important se-
quence identities as well as conservative replacements
(Tsiboli, 1994). The differences in the sequence of the
Th. thermophilus protein are presumably connected to
the stability of the organism at high temperatures. We
have synthesized the N-terminal 25 peptides from the
two proteins in order to compare their conformational
stabilities under various conditions. The two fragments,
peptide A of S2 from Th. thermophilus and the corre-
sponding peptide B from E. coli, have 10 identical
amino acids (marked by a vertical line) and ten conser-
vative replacements (marked by an asterisk):

The peptides were synthesized using the diisopro-
pylcarbodiimide/N-hydroxybenzotriazole
(DIPCD/HOBt) coupling procedure on a 2-chloro-4-car-
boxy-trityl-resin prepared according to Zicos and Fer-
derigos (1994, 1995). The 9-fluorenylmethoxycarbonyl
(Fmoc-) group was used for the temporary protection of
the A-amino groups. The protective groups of the side
chain functionalities were terf-butyl type for Glu, trityl
for Thr, and His, Boc for Lys and Pmc for Arg. After
protecting group and resin cleavage the peptides were
purified by HPLC using a semipreparative Nucleosil C
18 lO-Mm packed column (mobile phase: acetonitrile/0.1
TFA). The peptides were identified by amino acid anal-
ysis, mass spectroscopy, and ID 1H NMR spectroscopy.
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between them is of importance for the propensity of gall-
bladder bile to nucleate cholesterol. It has been proposed
that the more hydrophobic protein, the higher the antin-
ucleating potency and vice versa (Ahmed et al., 1994).
There are apparently several unidentified proteins in bile
and identification of these proteins could be of interest
in understanding gallstone formation.

During purification of proteins from lipid-rich sam-
ples, we have found it necessary to monitor both protein
and phospholipid profiles, at least at early stages of the
purification scheme. The protein content was detected by
amino acid analysis where the samples were subjected
to acid hydrolysis in 6 M HC1/0.5% phenol in evacuated
glass tubes at 110°C for 20-24 h. The hydrolyzed sam-
ples were treated with phenylisothiocyanate (PITC) and
the phenylthiocarbamyl (PTC) derivatives obtained were
separated on a CIS reverse-phase column using an ace-
tonitrile gradient, and the contents determined by their
absorbance at 254 nm (Bergman et al., 1986). With this
method samples containing up to 95% (w/w) phospho-
lipids can be analyzed without affecting the yields of
any of the amino acids. Since PITC reacts with both
primary and secondary amino groups, it also reacts with
the primary amino group present in phosphatidylethan-
olamine and -serine. In the more commonly used ion
exchange/ninhydrin method, ethanolamine coelutes with
lysine, but in the PTC/reverse-phase HPLC method,
PTC-ethanolamine elutes between two amino acids. The
advantage with the PTC/reverse-phase method is thus
that both amino acids and phospholipids containing pri-
mary amino groups can be determined at the same time,
thereby reducing the need for a separate phosphorous
analysis during purification of proteins from lipid-rich
sources (Stark et al., 1998).

In purification of hydrophobic bile proteins, human
gallbladder bile was mixed with 4 vol chloro-
form/methanol, 2:1 (v/v), to make a two-phase system
of chloroform/methanol/water (8:4:3, v/v/v). The lower,
chloroform phase was separated, evaporated, redissol-
ved, and subjected to reverse-phase chromatography on
Lipidex 5000 (Packard Instrument) in the solvent system
methanol/ethylene chloride, (4:1, v/v) (Johansson et al.,
1992). The amino acids, phosphatidylethanolamine, and
-serine were determined by the PTC/reverse-phase
HPLC method described above. During Lipidex 5000
chromatography the proteins elute before the phospho-
lipids phosphatidylethanolamine and phosphatidylserine
(detected as PTC-derivatives); thus with this single step
proteins are largely purified from the phospholipids.

Further separation of the polypeptides by gel filtra-
tion on Sephadex LH-60 (Pharmacia Biotech) in the sys-
tem chloroform/methanol (1:1, v/v) with 5% HC1

(Johansson et al., 1992) gives two protein peaks. Amino
acid sequencing and SDS-PAGE of the first peak show
that it contains several polypeptides, and further sepa-
ration by, e.g., HPLC or two-dimensional electrophore-
sis is required.

In conclusion, Lipidex 5000 chromatography in
methanol/ethylene chloride separates proteins and phos-
pholipids obtained from organic solvent extract of hu-
man gallbladder bile. Further separation of the
polypeptides on Sephadex LH-60 in chloro-
form/methanol/O.lM HC1 shows several polypeptides.
The hydrophobicity of these proteins makes them inter-
esting as potential antinucleating factors in gallstone for-
mation.
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44. C. I. Stassinopoulou,1 A. Troganis,2 L. Leondi-
adis,1 E. Bouchayer,1 and P. Cordopatis.' Solution
Structure of the 35-54 Peptide Fragment of the Hu-
man Interleukin-2 Receptor B-Chain. ('NCSR "De-
mokritos," Greece; 2NMR Centre, University of
loannina, Greece; 'University of Patras, Greece)

The receptor of human interleukin-2 (Smith, 1988) is a
heterotrimer complex of transmembrane glycoproteins,
the major ones designated as IL-2RA, B, and G chains
(Roessler et al., 1994). IL-2RB consists of 525 amino
acids. The 214 N-terminal sequence constitutes the ex-
tracellular region interacting with IL-2. We have syn-
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Fig. 2. Partial TOCSY spectrum in D2O, 298 K, showing four sets of
C2H/C4H protons of His 2 corresponding to four peptide conforma-
tions. Assignments of C2H peaks to proline isomers according to in-
tensities: 8.17 ppm (trans-trans), 8.22 and 8.31 ppm (trans-cis, cis-
trans), 8.25 ppm (cis-cis).

thesized the peptide corresponding to the sequence 35-
54,

35 45
VHAWPDRRRWNQTCELLPVS
1 11

of the N-terminal part and studied its structure in water
and dimethylsulfoxide-d6 by 1H and 13CNMR and cir-
cular dichroism.

The dAN(i,i) connectivities in DMSO-d6 are
stronger than the sequential dAN(i, i + 1). Moreover,
the 3JHNA coupling constants obtained from DQF-COSY
spectra range from 6.8 to 9.0 Hz. The above experimen-

tal data prove that the predominant conformation is the
extended chain (Gagne, 1994, Smith et al, 1996a, b).
Elements of secondary structure, specifically B-turns, are
also present as documented by NN(i, i + 1) and AN(i,
i + 2) connectivities (Fig. 1).

In water, pH 2.7, 285 K, downfield conformational
shifts were observed indicating the predominance of ex-
tended chains (Wishart et al., 1991). CD experiments in
water and in water-trifluoroethanol mixtures confirmed
that the peptide has no tendency to form helical struc-
tures. Four conformations were detected, assigned to the
four possible prolyl isomers according to their intensities
and the expected populations of the isomers (Fig. 2).
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45. M. Zouhair Atassi1 and Naofumi Yoshioka.1,2

Mapping of the Subunit Interacting Surfaces of Olig-
omeric Proteins in Solution by a Comprehensive Syn-
thetic Strategy. (1Marrs McLean Department of
Biochemistry, Baylor College of Medicine, Houston,
Texas 77030; 2Department of Forensic Medicine, Akita
University School of Medicine, 1-1-1 Hondo, Akita 010,
Japan)

In studying protein function, it is important to know the
relationship of the three-dimensional structure of the
protein in the crystal to that in solution. Comparisons of
solution and X-ray crystallographic structures have em-
ployed a variety of physical or chemical approaches that
permit description of gross conformational and hydro-
dynamic parameters or interaction or exposure of a very
limited number of residues. The results are frequently
empirical and the interpretations are subjective. We have
introduced a synthetic approach for the mapping of olig-
omeric proteins' subunit-interacting surfaces in solution
(Yoshioka and Atassi, 1986a, 1998). The approach in-
volves synthesis of a series of uniform-size, consecutive
overlapping peptides encompassing an entire subunit of
an oligomeric protein and then determination of the
binding of the other subunit(s) to each of these peptides.
It has been used to map on hemoglobin A (HbA) the
regions of the B-chain (Yoshioka and Atassi, 1986a) and
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the A-chain (Yoshioka and Atassi, 1998) that bind to the
other subunit in solution.

Hemoglobin is a tetrameric protein composed of
two nonidentical pairs of subunits (i.e., two A-chains and
two B-chains). The covalent (Braunitzer et al, 1961;
Hill and Konigsberg, 1962) and three-dimensional (Per-
utz and Fermi., 1981; Fermi, 1975) structures of HbA
are known, and its O2-binding properties have been ex-
tensively studied. X-ray crystallographic studies have re-
vealed the mode of folding of each subunit (i.e., its
tertiary structure), and also the manner by which the
chains interact to form the oligomer (i.e., the quaternary
structure) in the crystal. The assembly of the chains in
the tetramer involves well-defined surfaces that comprise
specific amino acid residues on each subunit. The struc-
tural information is based on molecular packing in the
crystal. But in solution, molecular translational move-
ments and segmental motilities are less constrained than
in the crystal. In an oligomeric protein, subunit inter-
action and assembly could be affected by its molecular
freedom in solution. Because information on the three-
dimensional structure of HbA is available in great detail,
the protein serves as an excellent model for studying
subunit interaction and assembly.

Hemoglobin A and its A- and B-subunits were iso-
lated and purified and the overlapping peptides that en-
compass the entire A- and B-chains were synthesized,
purified, and characterized as described (Kazim and
Atassi, 1982). Each peptide consisted of 15 residues (ex-
cept for peptides A131-141 and B131-146) and over-
lapped its consecutive neighbor by five residues. The
synthetic A-chain peptides (Yoshioka and Atassi, 1998)
were A1-15, A11l-25, A21-35, A31-45, A41-55, A51-
65, A61-75, A71-85, A81-95, A91-105, A101-115,
A111-125, A121-135, and A131-141. The B-chainpep-
tides (Yoshioka and Atassi, 1986a) were B1-15, B11-
25, B21-35, B31-45, B41-55, B51-65, B61-75, B71-
85, B81-95, B91-105, B101-115, B111-125, B121-135,
and B131-141.

The A- and B-chains were radioiodinated with car-
rier-free [125I]iodide. During the radiolabeling reaction,
the thiol groups on the isolated subunits were protected
by dithiothreitol from oxidation by chloramine-T (Yosh-
ioka and Atassi, 1986a). Free I25I was removed from the
radiolabeled protein on a column (0.5 cm X 15 cm) of
Sephadex G-25 (Pharmacia Fine Chemicals, Piscataway,
NJ). The column was eluted with a solution of 0.1%
bovine serum albumin (BSA) in 0.01 M sodium phos-
phate buffer, pH 7.20, which was made 0.15 M with
respect to NaCl (PBS), containing 0.1% dithiothreitol.
Precipitation with 10% (w/v) trichloroacetic acid showed
that 96-98% of the total label in the preparations eluted

from the Sephadex column was coupled to the protein.
The specific radioactivities of the labeled subunit prep-
arations were 16-18MCi/(Mg.

Protein and peptide adsorbents were prepared as
previously described (Yoshioka and Atassi, 1986b).
Quantitative radiometric titrations, using a fixed amount
of adsorbent (25 M1 of a 1:1, vol/vol, suspension) and
increasing amounts of I25l-labeled a- or 3-chain were
done as previously described (Yoshioka and Atassi,
1986c). Nonspecific binding to the adsorbents was de-
termined by titrating negative control adsorbents [un-
coupled Sepharose, BSA-Sepharose, and a Sepharose
conjugate of a 12-residue synthetic BSA peptide 168-
179 (Atassi, 1982)] with 125I-labeled a- or 3-chain under
exactly the same conditions.

It was found that labeled a- or 3-chain was bound
by both HbA and by the other subunit. The 3-chain was
bound by at least six A-chain peptides (Yoshioka and
Atassi, 1998). Peptide A121-135 possessed the highest
binding activity. The following A-chain peptides also
bound labeled 3-chain in decreasing order: A111-125,
A81-95, A101-115, A41-55, and A91-105. Peptide
A131-141 possessed a small, but significant binding
activity. The remaining peptides showed no binding ac-
tivity. Conversely, many of the B-chain peptides were
able to bind A-chain (Yoshioka and Atassi, 1986a). The
highest binding activity was exhibited by peptides B21-
35 and B 3 1 - 5 . In fact, the binding activity of peptide
321-35 closely resembled that of the A-chain. Consid-
erable binding activity also resided in peptides B131-
146, B11-25, B111-125, B71-85, and B121-135. The
other peptides possessed either very slight or no binding
activity. Specificity of the binding of a given Hb labeled
subunit to the peptide adsorbents was confirmed by in-
hibition studies with unlabeled A- or B-chain and with
control proteins (BSA and ovalbumin) that are unrelated
to HbA. Nonspecific binding by adsorbents of unrelated
proteins and peptides was 1-1.5% relative to the amount
of label bound by the a- or 3-chain. Binding of the
labeled A- or B-subunit to the adsorbents (5 Ml) of the
peptides was completely inhibited by- preincubation
with the corresponding free unlabeled subunit (100 Mg)
before the addition of a labeled subunit. The specificity
of binding to a given subunit and its active peptides was
further confirmed by the finding that unrelated proteins
did not inhibit the binding.

Based on the number of contact residues on each
peptide, the A-chain peptides would be expected to bind
the B-chain in the following decreasing order of activity:
peptide A31-45 (ten contacts) > peptide A111-125
(eight contacts) > peptide A91-105 (seven contacts) >
peptide A101-115 (six contacts) > peptides A21-35,
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A41-55, and A121-135 (three contacts each) > peptide
A131-141 (two contacts). The last peptide (A131-141),
because it carries only two contact residues, would not
be really expected to possess any binding activity. The
binding activities found experimentally were quite dif-
ferent from those expected simply on the basis of the
number of contact residues. The order of activities found
experimentally for the A-peptides was peptide A121-135
> peptide A111-125 > peptide A81-95 > peptide
A101-115 > peptide A41-55 > peptide A91-105. Pep-
tide A131-141 possessed very low, but significant
binding activity. The inability of peptide A31-5 to bind
the B-chain and conversely the high binding exhibited
by peptide A121-135 were the most unexpected of these
findings, because the former carries ten contact residues,
while the latter carries only three contact residues.

There were also some significant differences in the
levels of binding of the labeled A-chain to the B-peptides
found in solution and those expected from the crystal.
Peptide B21-35 possessed much higher binding activity
than would be expected from its contribution to subunit
association in the crystal. Conversely, other regions ex-
pected to possess considerable binding capacity for A-
chain either showed low (peptides B111-125 and (3121-
135) or almost no binding (peptides B91-105 and B101-
115) capacity. On the other hand, two interacting sur-
faces (within peptides (B11-25 and B71-85) that make a
contribution in solution do not appear to play a role in
the crystal.

In conclusion, there are some unexpected contact
surfaces that operate in solution and do not exist in the
crystal. These findings led to the conclusion (Yoshioka
and Atassi, 1998) that the binding energy is not depen-
dent on the number of contact residues within a binding
surface. They also showed that the subunit contact sur-
faces in the crystal and in solution are similar, with some
slight differences.

The primary structures of the constituent subunits
of a large number of oligomeric proteins are now known.
Many can be isolated only in minute quantities and even
though their amino acid sequences may have been de-
termined, their three-dimensional structures are often not
known. Any approach that will enable the mapping of
subunit interacting surfaces would be extremely valuable
in studying structure-function relationships when the X-
ray crystallographic structure is not known. This ap-
proach should prove useful for mapping the surfaces in-
volved in subunit association in oligomeric proteins,
especially those proteins that can be isolated only in
traces (e.g., membrane receptors) and whose X-ray crys-
tallographic structures are not known. The major rea-
gents needed are synthetic peptides and minute amounts

of radiolabeled subunits that may be isolated from elec-
trophoresis gel. It is now relatively easy to synthesize a
large number of peptides and study their activities, as
has been done for subunits of other oligomeric proteins
(Mulac-Jericevic et al., 1988; Oshima et al, 1990; Ash-
izawa et al., 1992; Atassi and Oshima, 1997; Rosenberg
et al., 1997). For functional purposes, peptides that rep-
resent regions of high binding activity on a given subunit
may be employed in solution for interference with sub-
unit assembly.
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46. Valentina Bonetto, Elo Eriste, and Rannar Sil-
lard. Combination of Fast Chromatographic Sepa-
rations, Biosensor-Based Functional Assays, and
Mass Spectrometry for Characterization of Complex
Peptide Mixtures. (Department of Medical Biochemis-
try and Biophysics, Karolinska Institutet, S-171 77
Stockholm, Sweden)

Tissue extracts represent rich sources of biologically ac-
tive peptides, and rapid analytical methods are required
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to characterize individual bioactive components in a
complex mixture consisting of various peptides, pro-
teins, and their fragments (Bonetto et al, 1997). This
sets high requirements for all parts of the analysis: ef-
ficient separation, high-throughput bioactivity screening,
and rapid identification. Transfer of the sample between
these sections of analysis, particularly between the sep-
aration and bioassay, usually involves tedious sample
preparation, which may represent a bottleneck for the
whole procedure. Fast high-performance liquid chro-
matography on polystyrene-divinylbenzene resin col-
umns in combination with a cell-based biosensor
technique (microphysiometry) and MALDI TOP mass
spectrometry for characterization of complex peptide
mixtures from tissue extracts was investigated.

Due to high flow rates, chromatographic separa-
tions on this type of column (e.g., Resource S, Q, and
RFC from Amersham Pharmacia Biotech) can be com-
pleted in a short time, normally in 10-15 min, and allow
scouting of several buffer conditions, such as eluent
composition, pH, gradient shape, etc., to improve sepa-
ration. However, transfer of the peptide material from
the chromatography to the bioassay normally may re-
quire additional sample preparation, such as buffer
change, desalting, and/or lyophilization. If the number
of fractions is not large, this might not be a problem.
With the increase of speed and resolution in chromato-
graphic separations the number of fractions to be ana-
lyzed is increasing proportionally. Therefore, to
eliminate the additional sample workup, buffers that are
compatible with the bioassay are preferable.

To characterize the endogenous bioactive peptides,
hormones, and growth factors present in different tissue
extracts we have used microphysiometry that measures
extracellular acid secretion as a response to receptor
stimulation (McConnell et al., 1992). In this assay sys-
tem the samples are dissolved in a low-buffer (< 1 mM)
growth medium, e.g., DMEM without buffering rea-
gents, and pumped over the cells using an autosampler.
Extracellular acidification responses are recorded during
ca. 30-40 min, depending on the particular peptide and
cell line used. We have performed a series of ion-ex-
change chromatographies on Resource S and Q with bio-
compatible eluent systems at different pH values to
purify the compounds of interest to high purity. The buf-
fers used in these chromatographies consisted of 20 mM
Tris-HCl/NaCl at pH 8.0, 20 mM Na-acetate/NaCl at pH
5.2, and pH 4.1, and 20 mM Na-phosphate/NaCl at pH
2.5 and pH.7.0. After each chromatographic step the
fractions were tested for extracellular acidification by
microphysiometry. The samples from the chromatogra-
phies were directly mixed with the running medium and

pH adjusted to 7.3 with NaOH or HC1. Typically 25-
100 ill of sample was mixed with 1.8-7.0 Ml of 0.2 M
NaOH and 1.8 ml of medium. We observed that there
were no detectable toxic effects of the used buffers dur-
ing the experiments and in such manner the cells could
be repetitively used up to 20 h or even longer in a single
experiment.

The final polishing of the peptide product was com-
pleted by reverse-phase HPLC. A single HPLC run on
a C18 column was sufficient for baseline separation of
the remaining components in the sample. Since reverse-
phase chromatography involves toxic organic solvents
(0.1% trifluoroacetic acid/acetonitrile), sample prepara-
tion for the bioassay by lyophilization was unavoidable.
However, the final RP-HPLC step is compatible with
MALDI TOP mass spectrometry and hence it can be
performed directly from the eluate (Mutt, 1992). In the
present study the HPLC-pure bioactive fraction showed
a single component of 10 kDa.

In this manner the whole purification process con-
sisting of several chromatographic purification steps can
be completed in a day or two, with simultaneous mon-
itoring of the bioactive components with microphysiom-
etry and final identification by mass spectrometry.
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47. Eleftheria Persidou and Pantelis Arzoglou. The
Role of Bile Salts on Rabbit Pancreatic Carboxyl Es-
ter Hydrolase. (Laboratory of Biochemistry, School of
Chemistry, Aristotle University of Thessaloniki, Greece)

Bile salts, the main component of bile, are secreted from
the gall-bladder to the duodenum and play an important
role in the absorption of fats via lipolytic enzymes such
as pancreatic lipase and pancreatic carboxyl ester hydro-
lase.

We have isolated two forms of carboxyl ester hy-
drolase from rabbit pancreas, form I and form II (Per-
sidou and Arzoglou, 1997). Form I exhibits an apparent
molecular mass of 59 kD as determined by SDS-PAGE
and an isoelectric point of 6.40, while form II shows 61
kD and 6.04, respectively. Their N-terminal amino acid
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sequences were determined for the first 25 amino acids
and differ in only two positions (11 and 21), presenting
high homology (74-96%) with bovine, human, rat and
mouse pancreatic esterases:

1 10 20
VTLGAVYTEGGFVEGENKKLSLLGG form I
VTLGAVYTEGQFVEGENKKLQLLGG form II

The effect of conjugated and nonconjugated, dihy-
droxy and trihydroxy bile salts (sodium taurocholate
[TC], taurodeoxycholate [TDC], cholate [CH], deoxy-
cholate [DOC], and glycocholate [GC]), was tested on
the activity of the two forms of rabbit pancreatic ester-
ase. Enzyme preparations were incubated with bile salts
(0-40 mM) at 22°C for 10 min and their esterolytic ac-
tivity was determined at 37°C (method of Erlanson,
1970). All bile salts tested increased esterolytic activity
considerably even at the lowest concentration tested (1
mM). Both forms demonstrate a preference for bile salts
conjugated with taurine (sodium taurocholate and tau-
rodeoxycholate). In addition, form II exhibits preference
for the dihydroxy compared to the respective trihydroxy
bile salts.

The effect of bile salts on proteolysis of esterases
by trypsin (which is cosecreted from the pancreas) was
also studied. Enzyme preparation containing both forms
was preincubated with the bile salt (0-30 mM TC, TDC,
and DOC) for 10 min at 25°C and then with or without
trypsin (10 Mg) for 40 min. Trypsin, in the absence of
bile salts, readily digests pancreatic carboxyl ester hy-
drolase. On the other hand, inhibition of the digestion
occurs when preincubation with bile salt precedes, at TC
concentrations higher than 10 mM, the esterolytic activ-
ity remained intact. This inhibition may be due either to
protection of esterolytic activity (by bile salts) against
trypsin proteolysis or to inhibition of trypsin's proteo-
lytic activity. To certify that the latter is not the case (a)
trypsin activity was determined in the presence of bile
salts (under the experimental conditions) and no inhibi-
tion was observed and (b) SDS-PAGE was performed
on the samples, and interestingly more proteins were
cleaved at high concentrations of bile salts than at low.
It must be noted that all bile salts tested produced similar
results.

Bile salts also exhibited the ability to protect ester-
olytic activity during the transition from acidic pH (pH
4.0) to alkaline (pH 8.0) while other detergents such as
Triton X-100 and Brij-35 failed.

Moreover, preincubation of esterase with bile salts
(TC, TDC, CH, DOC, and GC) increases the inhibition
caused by PMSF (Persidou and Arzoglou, 1997). In the
absence of bile salts 1 mM PMSF inhibits esterolytic

activity by 24-37%, whereas this inhibition reaches 66-
80% when the addition of PMSF followed a 45 min
preincubation with bile salts.

Furthermore, the role of taurocholate on thermal
stability of form II and on optimum temperature for es-
terolytic activity was investigated. Form II is rather un-
stable even at 30°C. However, the addition of 5 mM TC
considerably increased the stability of the enzyme at
temperatures up to 50°C. This result is consistent with
the broadening of the temperature curve caused by TC
for temperatures higher than 32.5°C.

Previously, it has been reported (Rudd and Brock-
man, 1984; Jacobson et al, 1990) that bile salts induce
conformational changes on esterases mainly by mediat-
ing the formation of aggregates and that the aggregated
form of the enzyme is more active than the monomer.
The aggregated form may offer increased accessibility
to the catalytic center for molecules such as substrates
or inhibitors. This hypothesis could interpet the enhance-
ment of both activity and PMSF inhibition after incu-
bation with bile salts. (It should be remembered that
PMSF is a modifier of serine residues and that serine
exists in the active center of esterases). The specific pro-
tection of esterolytic activity against trypsin proteolysis
observed in the presence of bile salts may also be as-
cribed to conformational changes rendering the cleavage
sites of trypsin inaccessible to the proteolytic enzyme,
e.g., by their translocation from the surface of the mol-
ecule to the interior. As regards to the increased stability,
it could be attributed to the formation of aggregates, but
the detergent action of bile salts must not be neglected.
Concluding, our results are in accordance with the hy-
pothesis of conformational changes. Further structural
experiments are needed to verify this hypothesis for the
two forms purified.
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48. M. Liakopoulou-Kyriakides,' A. Metaxas,1 and
M. Foundoulakis.2 Synthesis of the C-Terminal Hex-
apeptide of the L6 Ribosomal Protein. (-1Department
of Chemical Engineering, Section of Chemistry, Aris-
totle University of Thessaloniki, Thessaloniki 54006
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Greece; 2F. Hoffmann-La Roche Ltd, Pharmaceutical
Research-Gene Technologies, 4070 Basel, Switzerland)

Early studies have shown that synthetic peptides can be
used to induce antibodies specific for the corresponding
primary amino acid sequences in the intact proteins (Ler-
ner, 1982; Shinnick et al., 1983). Therefore, antibodies
for relevant surface-exposed sequences of ribosomal
proteins from E. coli should be valuable probes to study
the fine structure at the surface of the ribosome and its
functions (Herfurth and Wittmann-Liebold, 1995). L6 is
one of the largest proteins of the 508 ribosomal subunit.
It appears to be a ubiquitous protein, and has been found
in prokaryotes, archaebacteria, and eukaryotes with a
highly conserved primary structure. In E. coli, the C-
terminal domain of L6 protein is associated with 23 S
ribosomal RNA and it also influences the acyl-tRNA
binding site (Golden et al., 1993).

Potential antigenic determinants of proteins can be
predicted by combining the results from calculation of
hydrophilicity (Hopp and Woods, 1981), turn structure
predictions, and flexible regions of proteins (Lerner,
1982; Herfurth and Wittmann-Liebold, 1995). The C-
terminal hexapeptide Lys-Glu-Ala-Lys-Lys-Lys of L6 is
considered of the greatest local hydrophilicity point. The
synthesis of that peptide is reported here. It was synthe-
sized by the solid-phase method using 2-chlorotrityl
chloride resin (Barlos et al., 1991) and 9-fluorenylme-
thoxycarbonyl (Fmoc) as N-terminal protecting group of
the amino acids used.

Esterification of Fmoc-Lys(Boc)-OH with Resin

To 0.5 g of the 2-chlorotrityl chloride resin (0.8
mmol active chloride) in 7 ml dichloromethane (DCM),
Fmoc-Lys(Boc)-OH (0.5 mmol, 230 mg) and diisopro-
pylethylamine (DIEA, 2mmol, 0.35 ml) were added and
the reaction mixture war stirred for 25 min at room tem-
perature. Subsequently, 1 ml mixture of MeOH/DIEA
(9:1) was added in order to destroy excess of active
chloride on the resin and the stirring was continued for
further 15 min. The resin was filtered, washed with 2X
[DCM/MeOH/DIEA (92:5:3), 3X DCM, 2X isopro-
panol, and 2X diethyl ether and dried in vacua for 24
h. Yield 0.68 g (80%).

The cleavage of the Fmoc-group was performed in
all cases with 20% piperidine in dimethylformamide
(DMF) for 25 min.

Activation and Coupling Procedure

Fmoc-amino acid (1 mmol, 3-fold excess of the
resin substitution) and 1-hydroxybenzotriazole (HOBt, 1
mmol) were dissolved in DMF (1 ml) and cooled at 0°C.
Diisopropylcarbodiimide (DIC, 1 mmol) was then added
and the resulting solution was stirred for 15 min at 0°C
and for further 10 min at room temperature. The precip-
itated diisopropylurea (DIU) was filtered, washed with
DMF, and the combined filtrates containing the benzo-
triazolylester of the Fmoc-amino acid were transferred
to the solid-phase reactor containing the corresponding
deprotected peptide-resin. The reaction mixture was
stirred for 24 h at room temperature.

After each coupling or removal of the Fmoc-group,
the resin was washed with 10 ml/g resin of the following
solvents: 3X DMF, 2X isopropanol, 3X DMF, 2X is-
opropanol, 1X diethyl ether.

The hexapeptide obtained as Fmoc-Lys(Boc)-
Glu(Bu')-Ala-Lys(Boc)-Lys(Boc)-Lys(Boc)-resin was
treated with piperidine, as mentioned above, for the re-
moval of the N-terminal protecting group.

Cleavage of the Protected Peptide from 2-
Chlorotrityl Resin

The partially protected peptide-resin ester (1 g) was
cooled in an ice bath and treated with a cool mixture of
TFA/H2O 95:5 (10 ml) for 2 h at room temperature. The
resin was separated by filtration and washed three times
with DCM. The combined filtrates were concentrated in
vacua and a solid material was precipitated by addition
of ether, collected by filtration, washed with diethyl
ether on the filter, and dried under vacuum.

The crude peptide was purified by RP-HPLC on a
C18 column, using H2O/acetonitrile 70:30 as eluent. It
was identified by MALDI-MS (molecular weight 731.41
Da) and N-terminal sequencing.
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49. M. Liakopoulou-Kyriakides. Oligopeptides with
Antitumor Activity. (Department of Chemical Engi-
neering, Section of Chemistry, Aristotle University of
Thessaloniki, Thessaloniki 54006 Greece)

Synthetic peptides are currently under investigation as
possible anticancer agents. Peptides have been located
in many biological fluids (blood, serum, urine) and tis-
sues and found to play important roles. Furthermore,
most of these naturally occurring peptides were found to
exert additional biological activities as well. Neuropep-
tides have been found to be of therepeutic value for
small-cell lung, colorectal, and pancreatic cancers
(Cummings et al., 1995; Seckl and Rozengurt, 1997;
Janaky et al., 1992). [Arg6, Trp7,9, NMePhe8]-Sub-
stance P is the first broad-spectrum antagonist of number
of neuropeptides shown to act as antitumor agent. The
tetrapeptide acetyl-N-Ser-Asp-Lys-Pro, known as a neg-
ative regulator of hematopoiesis, has been reported as an
inhibitor of hematopoietic pluripotent stem cell prolif-
eration (Janaky et al., 1992).

Here we screened two series of synthetic peptides
for antiproliferative activity. The first series includes
eight tetrapeptide "analogues" of the AS-I phytotoxin
(Liakopoulou-Kyriakides et al., 1990, 1998) and the sec-
ond includes tri- and dipeptides containing the Leu-Asp
moiety, some of which were found to inhibit platelet
aggregation in vitro. The peptides of the first series were
synthesized as reported (Liakopoulou-Kyriakides et al.,
1997) either in solution or by the solid-phase method
and indentified by various MS spectra. The peptides of
the second series were prepared by conventional solution
techniques. Cell lines used were HT29 (human colon
cancer), HeLa (human cervical cancer), T47D (human
breast cancer), and L929 (mouse fibroblasts). Cytotox-
icity after 48 or 72 hr was evaluated by an optimized
sulforhodamine B (SRB) assay (Papazisis et al., 1997).

From the first series the tetrapeptide Cys-Val-Gly-
Glu presented higher biological activity against all cell
lines used, with IC50 values of 0.18, 0.33, and 0.63 mM
for HT29, HeLa, and T47D cell lines, respectively,
whereas for the rest the IC50 values were higher than 2.5
mM. From the second series the peptides Leu-Asp(X)-
NH2 (X = OMe, Bzl) presented IC50 values lower than
1 mM. The effect of the most active peptides on DNA
synthesis on the same cell lines used will be reported.
The structure-activity relation of the two series will be
discussed.
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50. Phaedra Th. Eleftheriou and John G. Georgatsos.
Activity of a Number of Nucleolytic Enzymes in Rab-
bit Brain Nuclei Is Controled by Complex Formation
with Nucleic Acids and Posttranslational Modifica-
tion of the Respective Enzymes. (Laboratory of Bio-
chemistry, School of Chemistry, Aristotle University of
Thessaloniki, Thessaloniki 54006, Greece)

Rabbit brain nuclei exhibit acidic and neutral metal- in-
dependent deoxyribonucleolytic activity as well as al-
kaline metal-dependent deoxyribonucleolytic activity.
Attempts to purify the respective activities revealed a
large number of enzyme forms that contribute to these
activities and differ in various properties such as pH and
metal requirements.

Fractional extraction of the nuclei with various con-
centrations of NaCl in 10 mM ammonium acetate, pH
6, results in partial separation of acidic and alkaline ac-
tivities. The fraction of 0.2-0.65 M NaCl contains
mainly neutral, alkaline, and highly alkaline deoxyribon-
ucleolytic enzymes in the form of complexes with nu-
cleic acids.

These complexes are insoluble at low ionic strength
in neutral or slightly acidic solutions and precipitate
when dialyzed against 10 mM ammonium acetate, pH
6. Extraction of the precipitate with 100 mM phosphate
buffer, pH 9, leads to a soluble and an insoluble fraction.

The soluble fraction contains all active nucleolytic
activity still complexed with nucleic acids. Furthermore
it contains the inactive form of a Ca2+-dependent deox-
yribonucleolytic activity (Eleftheriou and Georgatsos,
1998) that appears only when the preparation is incu-
bated with microccocal nuclease. Treatment with DNAse
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I or RNAse A instead of microccocal nuclease releases
only a minor part of the activity, indicating that both
DNA and RNA molecules participate in complex for-
mation. The Ca2+-dependent enzyme possesses signifi-
cant activity (larger than any other nucleolytic enzyme
detected in the nucleus). It is a single-subunit protein
with Mr ~ 50 kDa. It hydrolyzes only single-stranded
DNA, being inactive toward double-stranded DNA as
well as RNA. It acts optimally at pH 10.5, shows ab-
solute dependence on Ca2+, and hydrolyzes DNA spe-
cifically at NpA and NpT bonds, when N is any
nucleoside, leaving the monoesterified phosphate at the
3' position of the hydrolysis products. Addition of dou-
ble-stranded DNA in the reaction mixture inhibits en-
zyme activity due to complex formation as evidenced by
the appearance of bands with lower mobility compared
to the mobility of linear plasmid DNA following elec-
trophoresis on agarose gels.

The fraction insoluble in 10 mM phosphate, pH 9,
contains mostly inactive complexes. Incubation with dif-
ferent exogenous nucleolytic enzymes revealed the ex-
istence of a number of endogenous nucleolytic activities.

Thus incubation with microccocal nuclease re-
vealed an Mn2+-dependent nucleolytic activity. It is to-
tally inactive in the absence of Mn2+ and hydrolyzes both
single-stranded DNA and RNA, but not double-stranded
DNA, at pH 9.

Incubation with DNAse I activates an Mg2+-depen-
dent activity acting optimally at pH 9. Subsequent in-
cubation with RNAse A changes the pH optimum from
9 to 8.

Our results show that considerable nucleolytic ac-
tivity remains latent by being packaged with DNA and
RNA.

Another mechanism of controlling nucleolytic ac-
tivity in chromatin is reversible dephosphorylation. Our
studies on an alkaline enzyme of rabbit brain nuclei
(Eleftheriou and Georgatsos, 1997d) that hydrolyzes sin-
gle-stranded DNA and RNA and is highly specific to-
ward the CpT bond in DNA showed that treatment of
the active enzyme with phosphatase leads to an increase
of activity by 50-100%, and, what is more important, to
total loss of specificity (Eleftheriou and Georgatsos,
1997b). Dephosphorylation, in other words, forms a
highly active nonspecific nuclease.
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51. K. Gevaert, H. De Mol, M. Puype, T. Houthaeye,
S. De Boeck, and J. Vandekerckhove. Sample Prep-
aration Procedures for Ultrasensitive Protein Identi-
fication by PSD-MALDI-TOF Mass Spectrometry.
(Flanders Interuniversity Institute for Biotechnology,
Department of Biochemistry, University of Ghent,
Ghent, Belgium)

ID and 2D polyacrylamide gelelectrophoresis is used in
numerous instances as the sole protein purification
method. This approach is the basis of currently used pro-
teome analyses, often yielding very small amounts of
homogeneous protein. While previously used N-terminal
and internal sequencing protocols are in practice limited
to the low-picomole range, recently developed mass
spectrometric approaches routinely provide access to
partial sequences of peptides or proteins only available
at the low-femtomole to subfemtomole level.

We here present a method linking in-gel protein
digestion in relatively large volumes (10-200 Ml) with
MALDI analysis in 0.5-M1 volumes. This is achieved by
using RP-chromatography beads as an adsorptive sup-
port for peptide(s) present in diluted solution (e.g., RP-
HPLC eluates) followed by on-target desorption with
matrix solution. Hereby highly concentrated and clean
samples are obtained resulting in very efficient ioniza-
tion. The procedure is applicable as a simple routine
technique at the low-femtomole (± 5 ng) level. Although
the protocol is most efficient with Zn-SDS-imidazole,
negative-stained proteins, it can be applied on either
Coomassie-stained or silver-detected proteins. In the
latter case, our approach can be considered as an alter-
native to the well-known nanospraytechnology (Wilm et
al. (1996). The RP-bead technology can concentrate
peptides from solutions of 50 mol per M1 and in the pres-
ence of compounds which are known to interfere with
MALDI ionization. Details of the procedure (Gevaert et
al., 1997, 1998) will be provided and illustrated by the
compositional analysis of cellular multiprotein com-
plexes, for fast and sensitive identification of posttran-
slational modifications, and in proteome analysis.
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52. Christian Wurzel and Brigitte Wittmann-Liebold.
A Wafer Based Micro Reaction System for the Ed-
man Degradation of Proteins and Peptides. (Witt-
mann Institute of Technology and Analysis of
Biomolecules Warthestr. 21, 14513 Teltow, Germany)

1. INTRODUCTION

Since P. Edman and G. Begg (1967) developed an au-
tomate for the stepwise amino acid sequencing of pol-
ypeptides many improvements were made in order to
increase the reliability of the degradation results and the
sensitivity for sequencing to the low picomole range (see
e.g. Wittmann-Liebold et al., 1976; Hewick et al., 1981;
Wittmann-Liebold et al., 1985; Wittmann-Liebold, 1986
and 1992). However, yet, the sensitivity has to be further
enhanced in order to enable the analysis of proteins and
peptides which are expressed in extremely low concen-
trations. Many new research topics make use of high
resolution 2-dimensional gel electrophoresis which al-
lows to resolve complex protein mixtures from total cells
or tissue extracts and these techniques in combination
with enhanced amino acid microsequencing and mass
spectrometry enable identification of proteins which are
involved in developmental and regulation processes or
undergo changes in diseases (Kahn, 1995). For these
modern studies on changes in total cell protein pattern
enhanced microsequencing techniques are desirable for
the weakly expressed protein spots. On one hand the
new technical developments in mass spectrometry facil-
itate measurements of peptides, e.g. by MALDI-mass
fingerprinting or by ESI-MS-techniques (Karas & Hil-
lenkamp, 1988; Fenn et al., 1989; Takemoto et al, 1990)
and allow to obtain partial sequences for identification
of the protein spots by PSD-MALDI-MS or nanospray-
ESI-techniques (Kaufmann et al., 1993; Mann & Wilm,
1994). On the other hand, disadvantageous of these tech-
niques are the time consuming interpretation of the spec-
tra and that misleading data may be obtained. Whereas
identification and confirmation of known proteins by
these techniques are mostly straightforward, the inter-
pretation of the data for unknown or modified proteins
is much more difficult. Hence, alternative approaches,
e.g. by direct amino acid sequencing employing the Ed-
man chemistry serve as an additional method that allows
unambiguously the assignment of these proteins. How-
ever limiting factors are the amount of purified protein
available and the sensitivity of the machines. The present
day's sequencers may be improved further by new and
updated detection systems, such as capillary HPLC or
fluorometric detection devices. With UV absorbance de-

tection limits in the femtomolar range were reported
(O'Neill et al., 1996), Wu and Dovichi (1992) reached
the zeptomole range for the detection of FTH-amino ac-
ids by laser induced fluorescence detection. However,
the increase in the sensitivity of the detection of the re-
leased amino acid derivatives alone would not yield a
drastic change in the present day's sequencer technol-
ogy. The other part, namely the liquid handling system
of the Edman degradation and the interphase between
the chemistry conducting part and the detector device
must also be accomodated to minute protein samples.
The miniaturization alone of the various parts of the se-
quencer, e.g. the reactor, the converter and the different
valves, would not suffice to create a new type of auto-
mate for highly sensitive Edman sequencing. Therefore
we followed a completely new strategy by creating a
fully integrated system which eliminates the external
connections between this functional important parts and
overcomes long dosage and valve operation times and
the remaining lightning problems. Here we report the
design of a wafer based, fully integrated Edman se-
quencing device containing a new, the liquid chemistry
operating, system in order to decrease sample amount,
reagent consumption and oxygen penetration for gaining
higher sensitivities in the amino acid sequencers.

2. LIMITING FACTORS OF PRESENT DAY'S
SEQUENCERS

In the present day's automates the amounts of re-
agents and solvents delivered are in the range of 5-30
M1. These amounts lead to a washout of the sample, high
amounts of byproducts and a partial blockage of the pro-
tein due to remaining contaminations in the reagents and
solvents so that the initial and repetitive yields are de-
creased. This effect becomes more severe if the sample
amounts applied are reduced. The relatively big volumes
within the valves and within the reaction chamber and
converter request for extensive washings and drying
times. Relatively long teflon tubings as connecting lines
show oxygen penetration and also have a memory effect
for each of the deliveries of the chemicals. Today there
is a misfit between the sample amounts available and the
amounts of reagents and solvents consumed.

3. DESCRIPTION OF THE NEW MICRO
REACTION SYSTEM

Goal of the newly designed micro reaction system
on one hand is the miniaturization, on the other hand
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the integration of a multiple valve system and the re-
action and conversion chamber in one device. The con-
struction consists of a multi layer arrangement within a
housing made from alumina. The dead volume free
valves, the delivery channels, the reaction chambers, ad-
ditional internal loops, and the connections to the rea-
gent reservoirs are fully integrated within the chip. Core
part of the system is a wafer consisting of photo struc-
turable glass or of sintered ceramics. Long term tests
will show which material has a better chemical resis-
tance. In special manufacturing processes a structure
with holes through the wafer as well as channels at the
surface are built. The whole arrangement on the wafer
is designed for protein micro sequencing. 18 lines for
the inlet of reagents, solvents, inert gas and outlets to
waste and to the detection system are integrated. Each
line is closed dead volume free by a membrane valve,
which can be operated individually. The delivery lines
with lOOum diameter connect the inlets to the reaction
or conversion chamber within the chip system. The de-
livery of the reagents towards the channel is done by
slight over pressure within the reservoir bottles. In the
channels the delivered liquid droplets are transported to
the reactor or converter by applying nitrogen or argon
pressure to the channel. The amount of liquid delivered
is either time controlled or exactly measured by volu-
metric loops which are provided within the wafer as
well.

4. CONSTRUCTION DETAILS

In the arrangement on the wafer every inlet and
outlet line is closed by an integrated valve. On the wafer
there are some additional valves which guide the fluids
to the reaction chamber or to the converter, respectively.
They can be closed hermetically or opened and washed
independently. The tubings of the reagent bottles, etc.
are connected to the bottom side of the wafer. Holes
through the wafer serve as liquid channels to guide the
reagents to the upper surface of the wafer. They provide
the ferrules for the tightning of the glass capillaries con-
necting the wafer with the reservoir bottles. The upper
structured side of the wafer is completely covered by a
flexible membrane. Short channels lead from the inlet to
the delivery channel interrupted by valves. The valves
can be operated individually by lifting of the membrane
by applying vacuum and they are closed by applying
nitrogen pressure. Therefore holes in the upper part of
housing are connected to 3/2 way pneumatic valves.
This device realises a dead volume free membrane valve
function between inlet and delivery channel. Dead vol-

ume free means that all liquid within the valve is pressed
into the delivery channel by closing the valve avoiding
that no liquids remain in the valve itself after operation.
The first valve of a channel is an inert gas supply which
transports the reagent "droplet" in the channel towards
reactor or converter. The line can be cleaned by wash-
ings with solvent and dried by inert gas dosage. Limiting
for the number of reagents to be connected within the
wafer system is the minimal distance between two adap-
tors given by the outer diameter of the thread. In our
design a 6 mm distance and M4 threads are sufficient to
connect standard 1/16" PTFE tubings as well as fused
silica capillaries. We use appropriate ferrules or trumpets
in order to obtain vacuum tight connections of the tub-
ings with the wafer. In the whole system no glue or
adhesive is needed. All the delivery media get in contact
only with glass or ceramics and PTFE.

5. FUNCTIONAL TESTS

Most important for performing automated Edman
degradations is that the valves and the whole system is
tight (no leakage between the chemicals and to the out-
side, no oxygen penetration); furthermore, the reagents
and solvents should be delivered in submicroliter
amounts and the valves must operate dead volume free
so that no crosstalk between the chemicals occurs.

In order to proof the technical features of the new
wafer system the Chip Derivatization Unit was subjected
to tightness tests with and without dosing nitrogen into
the system and with the delivery of liquids, such as
methanol, ethanol or TFA.

We compared the new designed integrated valve
system to common ones, such as used in the sequencer
available from Knauer GmbH (Berlin, Germany) and
from Aplied Biosystems (Palo Alto, CA). The entire sys-
tem was tested by dosing nitrogen or liquids through
different lines, pulling vacuum thereafter and recording
the recovery of the vacuum pressure, as explained be-
low. With the performed tests one can determine the
tightness of a valve or a valve system. One can also
determine if liquid remains in a valve or a delivery line.
One can measure if the valves work "dead volume free"
or not. The tests also showed, that one can estimate and
compare the amounts of liquid or gas delivered into the
valve system.

A vacuum pump with a vacuum gauge was con-
nected to one valve of the Chip Derivatization Unit. Op-
erating the valve and opening the delivery channel to
atmospheric pressure, is recorded by the vacuum gauge
and a chart recorder. By closing the valves again, the
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line is evacuated. After a discrete time the vacuum gauge
shows a constant value which is the pressure of the vac-
uum pump recorded at the pressure gauge. The final
value indicates the tightness of the valve system. The
recovery time until this value is reached is depending on
the internal volume of the valve, the response time and
the switching velocity of the valve.

Due to the much smaller dimensions of the new
integrated valves in the micro reaction system the re-
covery time is much faster than in the conventional
valve systems. Other tests showed that a much faster
response time is obtained in the wafer-based version.
With the fast response times it is possible to operate the
new valves in the range of only 0.1 seconds. Therefore
only very small amounts of liquids or gas in submicrol-
iter amounts can be delivered into the system and high
reproducibilities can be obtained.

Further, we performed tests to determine the drying
times after a liquid delivery. If liquid is remaining in a
valve system after the delivery, the gauge shows the va-
por pressure of the remaining liquid and the vacuum
does not recover immediately as it would if only air or
nitrogen would be delivered. The tests showed that in
the micro reaction system 5 to 10 seconds drying with
70 mbar nitrogen pressure are sufficient to remove all
liquid molecules out of the delivery channel.

6. CONCLUSIONS

In this article we describe the design of a wafer-
based micro reaction system, the Chip Derivatization
Unit, and functional tests to determine the tightness and
accuracy of the dosing system. An innovative approach
to construct a protein sequencer has been created. In the
design of the wafer based micro reaction system all nec-
essary liquid handling devices are integrated to perform
the Edman degradation. This device is suitable for the
delivery of more than 10 aggressive chemicals with ap-
propriate inlets and outlets, it contains various valves for
gas inlets and several waste outlet lines and includes
reaction and collector devices that allow to perform se-
ries of reactions, such as requested in the Edman deg-
radation chemistry of proteins and peptides in
conventional sequencers. The switching of a valve (the
response time) in the micro reaction system is much fas-
ter than in common valves or valve systems. Smallest
amounts of nitrogen (or a reagent in sub micro liter
amounts) can be delivered. The drying time after a de-
livery of a reagent is much faster in the Chip Derivati-
zation Unit than in the conventional valve type. With

this micro reaction system sequencing in the attomole
range becomes feasible.

So far, micro system technology mainly focused in
concepts of manufacturing micro structured surfaces and
sensor design, but more and more concrete applications
for gowerning fluids were developed (Ehrfeld, 1995 and
1998). However, valves that control liquid fluids are ar-
ranged outside the system or the liquids are guided by
"electrophoretic switches". Here we present an ap-
proach that allows to perform series of reactions, with
agressive chemicals, within a single wafer-based con-
struction and operated by an integrated multiple valve
system. This device is constructed for the Edman deg-
radation of minute protein and peptide samples but can
also be applied to other series of reactions, e.g. in glycan
or nucleotide sequence or derivatization devices.
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53. Albrecht Otto,1 Eva-Christina Muller,1 Ekkehard
Brockstedt,1,2 Margitta Schumann,1 Anke Rickers,1
Kurt Bommert,1 and Brigitte Wittmann-Liebold.1
High Performance Two Dimensional Gel Electropho-
resis and Nanoelectrospray Mass Spectrometry as
Powerful Tool to Study Apoptosis-Associated Pro-
cesses in a Burkitt Lymphoma Cell Line. (1Max-Del-
briick-Centrum fur Molekulare Medizin, D-13122
Berlin-Buch; 2present address: Schering AG Berlin, D-
13342 Berlin)

Apoptosis or programmed cell death is a fundamental
process during development, homeostasis, and immune
response in a multicellular organism. This highly regu-
lated biochemical process results in selective death of
cells and can be observed, e.g. during embryogenesis,
metamorphosis and in different tissues undergoing se-
lection and differentiation processes. Dysregulation of
apoptosis may contribute to the pathology of many hu-
man diseases, including cancer, aids and neurodegener-
ative diseases. Considerable progress has been made in
understanding the control and mechanism of apoptosis
(Steller 1995, Krammer 1996, Jacobsen et al. 1997).
Nevertheless, major aspects of the apoptotic pathway re-
main undefined and little is known about the molecular
events controlling this process. Apoptosis can be initi-
ated by a variety of stimuli and results in defined mor-
phological and biochemical changes (Kerr et al. 1972).

Apoptosis is essential for controlling lymphocyte
growth and selection. By cross-linking of surface IgM
at the level of immature B cells autoreactive cells be-
come deleted. To identify proteins which are potentially
involved in anti-IgM-mediated apoptosis we used an
anti-IgM-sensitive subclon of a Burkitt-lymphoma cell
line BL 60. Proteins which are most likely apoptosis-
associated were detected by high resolution two-dimen-

sional gel electrophoresis (2-DE) on a micropreparative
scale. Comparison of the 2-DE protein patterns showed
differences in approximately 50 spots including protein
variations and modifications (Brockstedt et al. 1998,
Rickers et al. 1998). In these studies the analysis of the
predominantly altered proteins was performed by enzy-
matic ingel digestion (Otto et al. 1996), separating the
peptide mixture by micro-HPLC and by Edman micro-
sequencing and/or by mass fingerprinting using matrix-
assisted laser desorption/ionization mass Spectrometry
(MALDI-MS). In these experiments the analysis was
significantly improved by performing new microprepar-
ative high resolution two-dimensional gels employing
high protein concentrations. About eight to ten gels were
used for analysis of a protein spot.

In this study we report a new identification proce-
dure which allows to reduce the starting cell material
drastically by using the newly developed nanoelectro-
spray ionization mass Spectrometry technique (Wilm et
al. 1996). Further this strategy is much less time-con-
suming since only one preparative gel is required for the
entire identification of spots of interest. High resolution
gel electrophoresis was performed using protocols from
Klose and Kobalz (1995). For enzymatic in-gel digestion
and desalting of the peptide mixture the procedure of
Otto et al. (1996) was used with little changes. An adap-
ter for Eppendorf gelloder tips was used and the amount
of C18 reversed phase material in the tips was reduced
to 0.5-1.5mg. The elution of the peptide mixture bound
to reversed phase material with 60% acetonitrile con-
taining 0.1% TFA was decreased to 5 M1. Mass spec-
trometry (MS) was done on the peptide mixture and
tandem mass Spectrometry (MS/MS) was performed on
selected peptide masses with a nanoelectrospray ioni-
zation hybrid quadrupole-orthogonal acceleration time-
of-flight Q-Tof (Micromass, Manchester, UK.) equipped
with a Z-spray probe. The nanoflow source was operated
at a temperature of 30°C with a nitrogen drying gas flow
of 180 L/h. A potential of 1.4 kV was applied to the
nanoflow tip, the flow rate was about 30 nl/minute. The
desalted peptide mixture obtained from one Coomassie-
stained protein spot was dissolved in 3-10Ml metha-
nol/water (1:1, v/v) containing 0.2% formic acid. One
microliter was sufficient for a MS spectrum and five to
six MS/MS spectra. Peptide masses were used to search
in peptide mass databases constructed from a theoretical
tryptic digest which are available in the internet:

URL: http://falcon.ludwig.ucl.ac.uk/msfit.htm
URL: http://www.mdc-berlin.de/~emu/

peptidemass.html
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The OWL protein sequence database was searched by
FASTA with peptide sequences obtained by MS/MS
analysis:

URL: http://vega.crbm.cnrs-mop.fr/bin/fasta-guess.cgi

The sequence tag program (Mann et al. 1994) was used
if only very short sequences were found (3-4 amino ac-
ids) in the MS/MS spectrum:

URL: http://www.mann.embl-heidelberg.de/Services/
PeptideSearch/FR_PeptidePatternForm.html

The mass data obtained give i) clear peptide masses
of the peptide mixture; and ii) the MS/MS results of the
selected peptide ions yield unambiguously defined se-
quences.

Up to now we could identify 30 proteins from a
nucleus preparation of a Burkitt lymphoma BL 60 cell

line. A database is under construction, which will allow
us to study apoptosis-associated processes and influence
of signal transductors or inhibitors in detail.
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