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Mechanosensory transduction is ancient, paralleling the
appearance of the first primordial cells on the surface of
the Earth some 3.8 billion years ago. These primal organ-
isms experienced osmotic pressure as the first likely
mechanical stimulus resulting from the inherent role that
water plays in the existence of all life forms. Mechanical
stimuli acting on the variety of living organisms existing
today include, for example, sound and direct contact, for
which these organisms developed specialized mechanore-
ceptors serving as transducers of these mechanical stimuli
into senses of hearing and touch, respectively. Other forms
of mechanotransduction range from turgor pressure regu-
lation in microorganisms such as bacteria and yeasts to
gravitropism in plants or blood flow regulation in humans
(Hamill and Martinac 2001). Central to mechanotransduc-
tion is the cellular membrane surrounding every living
cell. The cell membrane provides a separation between the
extracellular and intracellular compartments and serves as
a highly dynamic functional barrier composed of mem-
brane proteins and lipid bilayer, controlling the traffic of
ions, water and nutrients between these compartments
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(Singer and Nicolson 1972). As a physical barrier it pre-
sents a major target of mechanical forces stretching, com-
pressing, bending or even breaking it, if an excessive force
is acting on it.

As a composite of a large variety of lipid molecules
such as phospholipids, sphingolipids, cholesterol and many
others, the lipid bilayer of the cell membrane presents,
mechanistically speaking, a supporting matrix for a great
variety of membrane-associated proteins. To strengthen
its mechanical properties, the lipid bilayer can in differ-
ent types of cells be supported by a cell wall as in bacte-
rial and plant cells or can associate with extracellular (EC)
matrix and cytoskeletal (CSK) proteins as in animal and
human cells (Hamill and Martinac 2001). Membrane pro-
teins embedded in the lipid bilayer of the cell membrane
are functional units performing a range of functions ena-
bling the survival of biological cells. A class of membrane
proteins functioning as biological force-sensing systems
are mechanosensitive (MS) ion channels, which together
with cytoskeleton and muscles represent firmly established
biological mechanosensors (Martinac 2014). MS channels
have over the last two decades entered into the focus of the
mechanobiology research area and are, together with the
lipid bilayer, also the focus of this issue of the European
Biophysics Journal.

This special issue on the biophysics of mechanotrans-
duction assembles nine papers from a number of leading
scientists interested in mechanical properties of cell mem-
brane and its components, which play a role in mecha-
nosensory transduction in living cells. The papers in this
issue are based on several presentations given at the Mech-
anotransduction Satellite Symposium, which took place
last year in Broadbeach on the Gold Coast in conjunction
with the 2014 TUPAB International Biophysics Congress in
Brisbane, Australia.
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Two of the papers deal with the lipid bilayer from the
perspective of lipid—protein interactions. Herrmann and co-
workers describe that insertion of an outer membrane phos-
pholipase (OmpLA) into the lipid bilayer can be achieved by
controlled destabilisation of the barrier function of the mem-
brane through the use of detergents (Herrmann et al. 2015),
while Svetina discusses how mismatch between protein
surface and curvature of the lipid bilayer influences bind-
ing between the two surfaces (Svetina 2015). The remain-
ing seven papers focus on MS channels and their interaction
with the lipid bilayer as a modulator of their function. Five
of them focus on MscL, the bacterial channel of large con-
ductance (Martinac 2011; Sukharev et al. 1994; Chang et al.
1998), which has served as a model for studies of MS chan-
nel gating according to the force from lipids (FFL) princi-
ple (Teng et al. 2015). Foo and colleagues show that release
of particulates through MscL in liposomes is dependent on
both detergent and acyl chain length of lyso-lipids (Foo et al.
2015). In a molecular modelling study, Sawada and Sokabe
examine interaction of water with residues at the MscL gate,
showing that water interaction weakens the hydrophobic
lock around the gate, facilitating opening (Sawada and Sok-
abe 2015). Using a hidden Markov analysis study, in addi-
tion to the five subconducting states, Almanjahie et al. show
that MscL has two conformational states at the closed level
(Almanjahie et al. 2015). Chi et al. (2015) developed a new
homogeneously expressing MscL construct, enabling more
accurate protein concentration measurements than before.
Importantly, the channel gating properties are indistinguish-
able with the heterogeneously expressed MscL constructs.
Yilmaz et al. use a multidisciplinary experimental approach
based on partial-denature-reassembling, double labeling
and electron paramagnetic resonance (EPR) spectroscopy,
to reveal the conformational states of MscL leading to the
channel opening by precisely controlling the number of sub-
units in open configuration (Yilmaz et al. 2015). Their results
should provide valuable insights into the functioning of MS
channels. The remaining two papers describe MscS and
MscCG, the two bacterial MS channels of small conductance
belonging to the family of MscS-like channels (Cox et al.
2015). Ridone and colleagues demonstrate that cardiolipin
modulates the activation threshold and gating behaviour of
Escherichia coli MscS in both azolectin and mixtures of
pure liposomes (Ridone 2015). Finally, Becker and Krimer
review the functional significance of the C-terminal domain
of the MscCG channel from Corynebacterium glutamicum,
an industrially important soil bacterium, for glutamate efflux
(Becker and Kramer 2015).

The limited selection of papers showcased in this issue
is definitely not representative of the great achievements
that many scientists have contributed to the mechanobi-
ology field over the past 30 years. It nevertheless repre-
sents a small section of recent very valuable contributions
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advancing our understanding of the structure and function
of bacterial MS channels and their intimate interactions
with the lipid bilayer as an essential component modulat-
ing their function in mechanotransduction processes in
living cells. We believe that these recent lessons learned
from bacterial MS channels may be applicable to stud-
ies of many other MS channels found in cells of all life
forms.
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