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Abstract:
Mechanosensitive (MS) ion channels are ubiquitous and they sense forces from the
surrounding bilayer. Here, the authors determined the structures of plant and mammalian
OSCA/TMEM63 proteins, identifying essential elements for mechanotransduction and
elucidating the mechanosensitive function of bounding lipids. Briefly, the central cavity
created by the dimer interface couples each subunit. Mechanosensitivity of the dimeric
OSCA/TMEM63 channel is modulated through a modulating lipids, and the cytosolic side
of the pore is gated by a plug lipid that prevents the ion permeation. Our results suggest
that the gating mechanism of OSCA/TMEM63 channels may combine structural features
of the ‘ lipid-gated ’ mechanism of MscS and TRAAK channels and the calcium-induced
gating mechanism of theTMEM16 family. These results may provide insights into the
structural rearrangements of TMEM16/TMC superfamilies.

The putative mechanical-coupling mechanism of OSCA/TMEM63 channels

Text:
Mechanosensitive ion channels, which are molecular entities directly sensing changes in
external forces, are widely distributed in living organisms. OSCA was originally discovered
through screening for osmotic stress response defects in plants and subsequently shown
to respond to osmotic pressure when expressed heterologously in Xenopus oocytes [1],[2],
featuring in its higher threshold of pressure compared to that of Piezo. OSCA/TMEM63
was resolved at atomic resolution using cryo-EM [3]. It forms a dimeric transporter-like
configuration, which is similar to the calcium-activated chloride channel TMEM16 and
auditory-related TMC family members [4],[5]. However, due to technical challenges for
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preparing cryo-EM samples with high pressure, structural and functional understandings
of its mechanism remains unsatisfactory.

The authors purified the human OSCA/TMEM63A protein and determined its
high-resolution cryo-EM structure, revealing that it exists as a monomer rather than the
previously reported dimer. Furthermore, the cryo-EM structure clearly demonstrated that a
phospholipid molecule obstructs ion flow. Interestingly, the phospholipid occupies a
position analogous to where the calcium ion activates chloride channels in TMEM16A.
Moreover, the lipid-blocking mechanism also mirrors those observed in bacterial
mechanosensitive ion channel MscS and the mammalian mechanosensitive potassium
channel TRAAK. Thus, OSCA/TMEM63 integrates gating characteristics of TMEM16A,
MscS, and TRAAK. Further experiments are warranted to validate the preservation of
these gating features in the dimeric form of human OSCA/TMEM63.

The authors re-purified the Arabidopsis thaliana OSCA1.1 (AtOSCA1.1) protein,
incorporated it into nanodiscs, and resolved the cryo-EM structures with a
higher-resolution of 2.5 Å. Compared to the previous structure in detergent environments,
the authors noted slight discrepancies as the central interaction region of the dimer in the
lipid membrane exhibited an open conformation. They also found that this expansion
might be facilitated by endogenous hemolytic phospholipids, corroborating earlier
evidence suggesting these phospholipids can enhance channel activation. Furthermore,
in this high-resolution cryo-EM structure, the authors observed phospholipid molecules in
the single-pore region acting as potential gating elements, reminiscent of the lipid-binding
site observed in human OSCA/TMEM63A. This indicates that the lipid gating properties
are preserved in the dimeric form of the OSCA/TMEM63 channel.

The authors then revealed the high-resolution structure of AtOSCA3.1, which displays an
enhanced dimeric response to higher pressures. They also observed phospholipid
molecules binding in the single-pore region of AtOSCA3.1. Notably, AtOSCA3.1 exhibited
distinct open and closed forms at its dimeric interface. The closed form is facilitated by
interactions between the fifth and sixth transmembrane segments of each subunit. The
authors hypothesize that the transition from the closed to open form of OSCA3.1 likely
involves overcoming an energy barrier imposed by these interactions, suggesting that
higher pressures are necessary to activate this transition.

In summary, relying on three sets of high-resolution cryo-EM structures, the authors have
proposed a force transmission gating mechanism through dimeric interactions, expanding
upon the mechanosensitive gating mechanism involving lipid-blocked pores. This
introduces a novel perspective on understanding the mechanosensitivity and transmission
of mechanical force in ion channels.

Link to the research article:
https://pubmed.ncbi.nlm.nih.gov/37402734/
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