The Role of Beam Structure in Human Split Piezo-1
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Introduction

Piezo-1, a mechanosensitive homotrimeric calcium ion channel, can be activated by mechanical strains on its blades or by chemical
agents like Yoda-1. Piezo-1 was implicated in activating dormant degenerative neurons under mechanical stimuli, offering potential
therapeutic applications for conditions like Parkinson’s disease.l!l However, its large size of 13.8kb exceeds the loading capacity of FDA-
approved viral vectors like AAV, crucial for long-term protein expression. As a solution, this study investigates a bisected human Piezo-1
which has been demonstrated to be functional.[?! The beam structure of the Piezo-1 has been hypothesized to function as a lever, pivoting
at the C-terminal domain (CTD), to couple mechanical sensing and pore opening. We questioned if the segmented Piezo-1's beam
structure retains this mechanism of signal transduction and mediates the reunion of the two segments, as beam structure contains the
binding site to the CTD. Thus, we examined the membrane localization and Yoda-1 activation of a beam-deleted split Piezo-1 construct.

Additionally, we explored if the C terminus segment alone can be activated, potentially representing the minimal functional unit of Piezo-1.
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Step 1| Molecular cloning for human Piezo-1 variations
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Step 2| Transfecting human Piezo-1 variations  Step 3| Expression and Localization Analysis
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Step 4| Functionality Analysis
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A Whole human Piezo-1 localize in plasma membrane
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B Split human Piezo-1 co-localize in plasma membrane
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Conclusion & Further Study

Expression

* Splitting human Piezo-1 or deleting the beam domain still yields

functional Piezo-1 mutants (Figure A-C)

Localization
* Split Piezo-1

* Segments successfully co-localize on the cell membrane (Figure B:

Myc647 and HA647 pannels)
* Beam deletion
* Does not inhibit the membrane localization (Figure A: hPAbeam
pannels, Figure B: NT Abeam + CT pannels)
= Beam domain doesn’t mediate co-localization between N-

terminus and C-terminus segments

Activation by Yoda-1
e Split Piezo-1
e  Calcium uptake is significantly increased (Figure C NT+CT)
* Beam deletion
*  Calcium uptake is reduced in split Piezo-1, but not in the whole Piezo-1
(Figure C-2 lane 1 vs 2, lane 3 vs 4)
* (C-terminus segment
e Yoda-1 can activate C-terminus segment without N-terminus segment!3!
= Yoda-1's binding site is located in the C terminus segment
* Calcium uptake is consistently increasing, but in a much slower rate (we
haven’t checked if the signal saturated after a long time)
= N terminus segment is necessary for faster calcium uptake, and

possibly for controlling the rate of influx

* Piezo-1 structural mutants have different calcium uptake patterns
* Amount: whole < C-term < N-term + C-term
* Rate: C-term < whole < N-term + C-term / Abeam == beam
* Bigger or longer pore openings can increase the calcium influx (we
need to check if the same number of Piezo-1 mutants are expressed
on the membrane)
* Unstable pore openings can reduce the calcium influx

=>» It is the blade, not the beam that stabilizes the pore opening

Further Study

m-Torquer or patch clamp experiment is necessary to confirm whether the whole
and split Piezo-1 without beam domain maintains their natural mechanosensitive
characteristics. Testing m-Torquer-induced activation on CT_sp construct would
prove if C-terminus segment is the minimal functional unit.

1. Is beam structure necessary to transduce mechanical stimuli?
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2. Does C-terminus-only construct have uncontrolled calcium influx?
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3. Is C-Terminus the smallest unit that could be activated by m-Torquer?
@ <§ Candidates for Myc tagging: 2397, 2411
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