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            Abstract
Mechanotransduction has an important role in physiology. Biological processes including sensing touch and sound waves require as-yet-unidentified cation channels that detect pressure. Mouse Piezo1 (MmPiezo1) and MmPiezo2 (also called Fam38a and Fam38b, respectively) induce mechanically activated cationic currents in cells; however, it is unknown whether Piezo proteins are pore-forming ion channels or modulate ion channels. Here we show that Drosophila melanogaster Piezo (DmPiezo, also called CG8486) also induces mechanically activated currents in cells, but through channels with remarkably distinct pore properties including sensitivity to the pore blocker ruthenium red and single channel conductances. MmPiezo1 assembles as a ∼1.2-million-dalton homo-oligomer, with no evidence of other proteins in this complex. Purified MmPiezo1 reconstituted into asymmetric lipid bilayers and liposomes forms ruthenium-red-sensitive ion channels. These data demonstrate that Piezo proteins are an evolutionarily conserved ion channel family involved in mechanotransduction.
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                    Figure 1: 
                        Human cells expressing 
                        Drosophila
                         Piezo (DmPiezo) show large mechanically activated currents.
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Figure 2: 
                        Ruthenium red is a channel pore blocker of MmPiezo1- but not DmPiezo-induced currents.
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Figure 3: 
                        MmPiezo1- and DmPiezo-induced stretch-activated channels have different conductances.
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Figure 4: 
                        MmPiezo1 forms homo-oligomers.
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Figure 5: 
                        MmPiezo1 forms ruthenium-red-sensitive ion channels.
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        Editorial Summary
Piezo ion channel feels the force
Many tissues are able to detect and respond to mechanical forces, and this mechanical sensitivity has been implicated in many biological processes and diseases, including touch, pain, deafness and hypertension. The conversion of mechanical force into biological signals, or 'mechanotransduction', is thought to involve specialized cation channels. In a pair of papers, Ardem Patapoutian and colleagues establish that the large transmembrane proteins of the 'Piezo' family — conserved from animals to plants and protozoa — are among the long-sought-after mechanically activated ion channels. Coste et al. show that the Drosophila melanogaster Piezo protein induces mechanically activated cationic currents in human embryonic kidney cells, establishing functional conservation. Comparison of the mechanically activated currents induced by mouse and fly Piezos reveals ion-channel activities with unique pore properties, suggesting that Piezos are bona fide ion channels. Kim et al. show that D. melanogaster Piezo is essential for sensing mechanical pain in fruitflies, giving the first demonstration that Piezos are physiologically relevant mechanosensors in vivo.
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