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New and Notable

MscS Inactivation: an
Exception rather than the Rule.
An Extremophilic MscS Reveals
Diversity within the Family

Valeria Vasquez*

Department of Molecular and Cellular
Physiology, Stanford University School of
Medicine, Stanford, California

Mechanosensitive (MS) ion channels
are membrane proteins that display ex-
quisite sensitivity to changes in the
biophysical properties of the mem-
brane. These channels are ubiquitous
in all living cells where they are able
to translate mechanical stimuli into
an electrochemical signal, which ulti-
mately leads to physiological or
perceptual responses (1). Osmotic bal-
ance, cell division, morphogenesis,
touch, pain, proprioception, blood
pressure regulation, and hearing, are
just some of the biological processes
where MS ion channels play a crucial
role. Unlike other ion channel families
(e.g., voltage-dependent K™ or Na™
channels), MS channels do not neces-
sarily share a common topology (2,3),
making it rather difficult to identify
homologs by sequence similarity.
However, there are two families of
so-called prokaryotic MS ion channels
(note that the name “prokaryotic MS
channels” no longer applies because
they are also present in archaea, fungi,
and plants) that share a reasonable se-
quence similarity, mainly within the
pore-lining helix. Many of these MS
channels conduct ions, water, and big
solutes helping unicellular organisms
to cope with sudden osmotic changes
in the surrounding milieu. In this issue
of Biophysical Journal, Petrov et al.
(4) report an exhaustive electrophysio-
logical characterization of one of these
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MS ion channels, revealing a surprising
diversity within its subfamily.

MS channels of small and large con-
ductance (MscS and MscL, respec-
tively) were the first bacterial MS
channels identified, whose electro-
physiological activity was described
in the inner membrane of Escherichia
coli more than 20 years ago (5,6).
The identification and cloning of the
E. coli MscS (ecMscS) gene (7) laid
the basis for relevant structure-func-
tion studies (8,9) toward understand-
ing its gating mechanism, including
three crystal structures trapped in dif-
ferent conformations (10-12). There-
fore, ecMscS has been by far the
most studied channel of the family,
while only a few MscS-like channels
have been electrophysiologically char-
acterized (Fig. 1).

The study by Petrov et al. (4) is an
elegant electrophysiological character-
ization of MscSP, an MscS-like chan-
nel from the extremophilic marine
bacteria Silicibacter pomeroyi. MscSP
is quite similar to ecMscS, as they
share 40% identity and MscSP is pre-
dicted to have the same ultrastructure
with three transmembrane segments
and a basket-like cytoplasmic domain,
all key structural features of the
ecMscS family (4). As expected from
the sequence similarity (>70%),
ecMscS and MscSP share many bio-
physical attributes. For instance,
MscSP  mechanosensitivity, conduc-
tance, slight rectification, and weak
preference for anions are all similar
to those previously reported for
ecMscS (4,13,14). However, quite re-
markably, MscSP does not display
inactivation—a hallmark of ecMscS
that has been extensively studied
(15,16). MscSP activation also requires
greater tension (= 1.5x) than ecMscS
when reconstituted in liposomes or ex-
pressed in E. coli spheroplasts (4).

The work by Petrov et al. (4) leads to
the following question: How could two
related and similar channels differ so
much in two of their core attributes?

The answer might be based on subtle
sequence variations and will likely
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illuminate some of the underlying
mechanisms. The ecMscS currents re-
veal an inactivation process (14,15)
that can be completely abolished by in-
creasing the helical propensity of the
pore-lining helix by substituting resi-
due Gly'"* (17). However, MscSP
does not inactivate even though it has
a Gly at the equivalent position and
shares 97% sequence identity in the
pore-lining helix with the ecMscS.
The Gly'"? position is not entirely con-
served across the members of the MscS
family; in fact, those few channels that
have been electrophysiologically char-
acterized do not have Gly at this posi-
tion (Fig. 1). In turn, these channels
do not display inactivation, with the
exception of MSC1 from Chlamydo-
monas reinhardtii that inactivates
even with a GIn in an equivalent posi-
tion (18). By looking at the sequence
alignment between the pore-lining
helix of ecMscS and MSCl, it is tempt-
ing to speculate that the equivalent
position to Leu''!, which corresponds
to a Thr in MSC1, might promote inac-
tivation. This notion is based on the
fact that substituting Leu''" with polar
residues in ecMscS promotes inactiva-
tion (16). The interpretation put for-
ward by Petrov et al. (4) is that the
absence of inactivation in MscSP is
due to an Asp in the equivalent position
to Asn“7, which has been shown in
ecMscS to allosterically influence in-
activation by modulating the interac-
tion with Gly'®® from the cytoplasmic
domain (19). Collectively, these results
indicate that not a single position, but
instead several residues along the
pore, contribute to channel inactivation
and that the interaction with the cyto-
plasmic domain might also be crucial
for MscSP gating.

Another intriguing property of
MscSP is the higher tension required
for its activation, despite the high se-
quence similarity with ecMscS (4). In
fact, the MscSP threshold for activa-
tion is more reminiscent of ecMscL,
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tension near the lytic limit ecMscS  GVQTASVIAVLGAAGLAVGLALOESLSNLAAGVLLVMFREF /
. MscSP GIEATSIVAVLGAASLAIGLALQGTLSDLAAGVVMLVVEFRPY

of the bllayer to open. The MSC1 FNLKPLLAVGGASGIIIGLATQQVLCNFVSELNIFLSRPF é
MscSP  homology model MscCG GFSLAGAAIPATIASAAIGLCAQSIVADFLAGFFILTEKQF X
presented by Petrov et al. MscMJ GYDITALLAGLGVGGLALALAMODTIKNFIAGILILIDKPF X
(4) highlights those residues MscMJLR CYDIKTLLAGLGIGGLAVALASONLVSNLIAGLIILTDKPF X*

TtMscS NIDVTSLLAVAGIGSLAIGFGAQNLVKDVISEFFIIFEDQF X
that act as mechanosensors MSL10 EVATTKVLLFFSTQLVALAFIIGSTCKNLFESVFVFVVHPF X

in ecMscS (16,20). These
mechanosensors are strate-
gically positioned at the
membrane-protein interface,
thereby sensing changes in
the bilayer tension. The
corresponding residues in
MscSP are quite conserved,
with the exception of
Leu”, which is an Arg in
MscSP.  This hydrophilic
substitution could account
for the difference in sensitiv-
ity between both channels,
because the Arg could interact electro-
statically with the charged lipid head-
groups, thus requiring more tension to
break this interaction and open the
channel.

The characterization of different
members of the MscS-like channels
in recent years underscores the fact
that ecMscS is not necessarily an ar-
chetype of the family. Although MscS
family members share distinctive ele-
ments, namely the pore-lining helix
and the cytoplasmic domain, they
also display differences in transmem-
brane residues that make them differ-
entially sensitive to tension and
determine their ability to inactivate
(4). In addition, differences between
the cytoplasmic domains of MscS fam-
ily members determine their anionic
preference or enable gating by nucleo-
tide binding (21,22). Accordingly,
MscS-like channel sequences are fine-
tuned to serve physiological processes
from osmoregulation (23) to organelle
integrity and tissue morphology (24).
In the particular case of MscSP, its
functional role in S. pomeroyi remains
to be determined. Given that the
S. pomeroyi genome is quite adapted
to its marine environment (25), it is
likely that MscSP plays a critical role
in survival and/or endows these organ-
isms with the ability to sense and take
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FIGURE 1

I

Substitutions decrease inactivation

Substitutions increase inactivation

Sequence alignment of the pore-lining helix of MscS-like
channels, which have been electrophysiologically characterized. ecMscS
from E. coli accession number (AN) POCO0S2 (15,16); MscSP from
S. pomeroyi AN QSLMRG6 (4); MSC1 from C. reinhardtii AN EDP05899
(18); MscCG from Corynebacterium glutamicum AN NP_600492 (23);
MscMJ and MscMILR from Methanocaldococcus jannaschii  ANs
Q57634 and Q58543, respectively (26); TtMscS from Thermoanaerobacter
tengcongensis AN NP_624283 (21) (*personal communication, Irene Iscla,
2013); and MSL10 from Arabidopsis thaliana AN QILYG9 (27). Residue
numbering corresponds to ecMscS sequence.

advantage of brief changes in nutrient
concentrations.
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