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What is a Piezo Protein?
= Pore-forming subunits of ion channels

= Open in response to mechanical stimuli

= Allowing positively charged ions to flow into the cell
when open

= Two channel isoforms
= Piezo1 and Piezo2

= No homologs identified in bacteria or yeast

1. Mechanical forces
(shear stress, compression, etc.)

2. ATension detected
3. Cation influx ‘ I . & / \
4. Transmission of action potential and

by Piezo channels
activation of downstream signaling
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Presentation Notes
Because there are no homologs identified in bacteria or yeast it suggests the evolutionary need for a novel mechanosensor in higher organsims
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Mechanically Activated lon Channel

= Form a channel
= Confer mechanically activated currents
= Expressed in mechanosensory cells (in vivo)

= Necessary and sufficient for mechanically activated

currents in those cells (in vivo)

Jack Kendall | 19.11.2019 | 3


Presenter
Presentation Notes
The following points are what defines an ion channel as a mechanically activated Ion Channel.


Up to this point it is not known if Piezo Channels classify as mechanically activated ion channels because No one has yet demonstrated that Piezos undergo mechanically induced openings in a purified lipid bilayer This would be considered as much stronger evidence because there would be other signaling pathways to open the channel. 
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Activating Stimuli

= ‘Stretch’
= |nduces global membrane curvature
= Reproducible pressure-response relationship

= ‘Poke’ Blunt probe N N Uhrasound
= Recruits varying number of channels
= Inconsistent stimulus-response relationship | QD

= Shear Stress —

= Superfusion pipette, microfluidic chamber | ==

= Activates Piezo 1 s ' Shear fow
= Magnetic nanoparticles

= Piezo 1
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Stretch: 	The stretch induces a global membrane curvature. A high-speed pressure clamp is used to stimulate the membrane and this results in a highly reproducible pressure-response relationship. This membrane tension, induced of the curvature, is sensed by the Piezo1 channel. 
Poke: 	Depending on the indentation depth (=Eindringtiefe) different numbers of channels get activated. This leads to inconsistent stimulus-response relationships. 
Shear stress:	Shear stress occurs physiologically with the blood flows along arterial walls. Experimentally you can mimic it by putting the cell next to a superfuison pipette or place it in a microfluidic chamber. Chronic application of shear stress allows probing for long-term effects of mechanotranduction including changes in gene expression and cell morphology. Piezo1 could get activated by shear stress. 
Magnetic nanoparicles: 	This is a method by this laboratory where they localized a pulling force on specific Piezo1 domains to try and look at the mechanical sensitivity on the submolecular level. 
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Channel Structure

= Only available for Piezo1
= Propeller with three curved ‘blades’
= Central pore

= (C-terminal extracellular domain (CED)

CED domain
Blade

Pore helix

Anchor

Beam

Top view Side view
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The protein strucutre is only available for Piezo1 channel. The protein has a diameter of 200A which is rather large. It has a small number of 14 transmembrane domains. The protein is structured into more or less three parts: A propeller with curved, blade like structure. The central pore and the C-terminal extracellular domain. Inside there is an anchor domain that connects the three subunits to an intracellular coiled-coil beam structure. It is assumed that the CED and the last two transmembrane parts are forming the permeation pathway for the ions. 
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Activation Mechanism

= Different speculations
= Tethering channel to ECM or cytoskeleton
= Shear flow sensing

= Hydrophobic mismatch

= Membrane curvature

= Membrane thinning

= |nteractions of membrane lipids
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The activation mechanism is not known yet but there are different sepculations as to how the channel could get activated. 
One of those speculation is that the channel is tethered to the ECM or the cytosceleton. 
Other possibilities include shear flow sensing, whereby the mechanical force can be trasmitted to the channel through lateral tension in the membrane bilayer. 
A hydrophobic mismatch can be induced by tension that causes changes in the thickness of the bilayer and the lateral pressure profiles. The protein would consequently adapt its confomration to get into a state of equilibrium again, which could activate the  channel. 
The membrane lipids could also play a role in activation. Annular lipids, agonists and inhibitors might insert directly within the channel structure to initiate changes in the channel conformaiton to activate it. They could also insert directly into the membrane where they cause changes in the membrane stiffness, tension, or curvature that leads to channel activation.
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Mediation of Piezo Function

= Passive Modulation
= Cytoskeletal Network
= Lipid composition - Stiffness
= Resting membrane tension

=  Active Modulation

Mutations

Localized force application
Repeated applications of tension
Electrostatic interactions

= Passive or active
= Yoda1, PIP2
= G Protein-coupled pathways
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Modulators can be boradly divided into two categories: those acting on membrane properties, and thus indirectly modulating channel funciton, and those acting through direct interactions wiht the channel itself. 

Passive: The cytoskeletal network has an influence on the tension sensitivity. With the lipid composition the membrane properties get changed and e.g. if there is a lot of cholesteron in the cellmembrane, the membrane gets stiffer and facilitates the force transfer to the channel.

Active: Mutations can affect the inactivation kinetics of the channel. Localized force application to two N-terminal extracellular loops or the CED of Piezo1 and repeated applications of tension can all lead to an irreversible loss of inactivation. The inactivation kinetics are also affeted by membrane voltage, divalent ions, and protonation. 

The following mecahnisms could be passive or active but we do not have the mechanistic insight yet to know how they influence the channel. Yoda1 weakens inactivation by stabilizing the open state when it is assayed with electorphysiology. 
Depletion of PIP2 reduces current amplitudes and it also alters membrane properties directly and through cytoskeleton. This leads to suggestion that its effect on Piezos may be multimodal. G Protein could be involved in the direct phosphorylation of the channel or with the indirect regulation of other cellular properties like the cytoskeleton. 

Because there is a lack of stimulation methods that directly control membrane tension, we are not able to determine wether a given modulator affects the sensitivity of Piezo to tension or alters the tension produced by a particular stimulation method. 
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Conclusion

= Little known about precise mechanisms for channel

sensation

= Many mechanotransduction processes have not yet been

explicitly tested

= Need development of new technologies
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Little known about the precise mechanism by which the channel senses such a wide variety of forces and transduces these forces into pore openeing and subsequent inactivation. 

Need development of new technologies: Technologies that can specifically and quantitatively activate and measure the activity of Piezo channels. 
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