
Mechanisms of mechanosensation: Evolutionary origins of mechanosensitive ion channels
B. Martinac, Victor Chang Cardiac Research Institute, Lowy Packer Building, 405 Liverpool St, Darlinghurst,
NSW 2010, Australia and St Vincent’s Clinical School, University of New South Wales, NSW 2052, Australia.

Mechanosensitive (MS) ion channels are found in all types of living cells where they play an important
role in mechanosensory transduction processes ranging from turgor control in bacteria and plant cells to hearing,
touch, renal tubular function and blood pressure regulation in mammals. They convert mechanical stimuli acting
upon membranes of biological cells into electrical or chemical signals (Hamill & Martinac, 2001). In the
ev olution of different life forms on Earth these ion channels may be among the oldest sensory transduction
molecules that evolved as primary signalling elements in response to stimuli from the surrounding environment.
The concept of ion channels gated by mechanical stimuli arose originally from studies of specialized
mechanosensory neurons (Hamill & Martinac, 2001). Their discovery in embryonic chick skeletal muscle
(Guharay & Sachs, 1984) and in frog muscle (Brehmet al., 1984) over twenty five years ago demonstrated the
existence of MS ion channels in many non-specialized types of cells. (Sachs, 1988) Instrumental for the
discovery of MS channels was the invention of the patch clamp technique (Hamillet al., 1981), whichallowed
the first direct measurements of single MS channel currents in a variety of non-specialized cells (Hamill &
Martinac, 2001), including bacteria and archaea (Martinac, 2004). Studies of MS ion channels carried out over
the last twenty five years have greatly contributed to our understanding of the molecular mechanisms underlying
the physiology of mechanosensory transduction.

Bacterial MS channels. (A) The structure of the pentameric MscL channel (left) and a channel monomer (right)
from M. tuberculosisaccording to the 3D structural model. (B) A current trace of a single MscL channel
reconstituted into azolectin liposomes (w/w protein/lipid of 1:2000) recorded at +30 mV pipette potential. The
channel gated more frequently and remained longer open with increase in negative pressure applied to the
patch-clamp pipette (trace shown below the channel current trace). (C) 3D structure of the MscS homoheptamer
(left) and a channel monomer (right) from E. coli. (D) Current traces of two MscS channels reconstituted into
azolectin liposomes (w/w protein/lipid of 1:1000) recorded at +30 mV pipette voltage. Increase in pipette
suction (trace shown below the channel current trace) caused an increase in the activity of both channels. C and
On denote the closed and open state of the n number of channels. (Modifiedfrom Martinacet al., 2008)

The cloning and structural determination of bacterial MscL and MscS channels (Figure), cloning and
genetic analysis of themecgenes inCenorhabditis elegans, genetic and functional studies of the TRP-type MS
channels as well as functional and genetic studies of the TREK and TRAAK 2P-type K+ MS ion channels
continue to promote our understanding of the role that MS channels play in the physiology of mechanosensory
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transduction in living organisms (Venkatachalam & Montell, 2007). In recent years the scientific and medical
community has become increasingly aware of the importance of aberrant mechanosensitive channels
contributing to pathophysiology of various diseases including heart failure and dysfunction, muscular dystrophy
and polycystic kidney disease, to name a few (Venkatachalam & Montell, 2007; Martinacet al., 2008). At
present, MS channel proteins are at the focus of structural, spectroscopic, computational and functional studies
aiming to understand the molecular basis of mechanosensory transduction in living cells.
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