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Optogenetics in a Nutshell

«Optogenetics —
biotechnology to manipulate
electrically sensitive cells with light




Optogenetics in a Nutshell

e Optogenetics —
biotechnology to
manipulate
electrically sensitive
cells with light

« Optogenetic Stimulation: neuronal signaling activation




Optogenetics in a Nutshell
~ ~

Channelrhodopsin-2

« Rhodopsin ion transport photoactivation




Optogenetics in a Nutshell

0.00 seconds

Electrode

« Optogenetics: driving neural activity with light




Optogenetics in a Nutshell

zebrafish larva expressing ChR2 in MNs

« Optogenetics: driving neural activity with light




Applications of Optogenetics

« Neuroanatomy research
[Namburi et al., Nat, 2019]

% exploration time

e« Memory restoration
[Etter et al., NatComm, 2019]

 Alzheimer’s, epilepsy
[Paz et al., NatNeurosci, 2013]

» Restoration of hearing & eyesight
[Sahel et al., NatMed, 2021]
[Keppeller et al., SciTranslMed, 2020]
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Limitations: calcium influx

Post-synaptic receptors
U0 “ {‘ S d -

Synaptic vesicles

Pre-synaptic terminal

Jones et al., FrontPhys, 2016 Grienberger et al., Neu, 2012




VirChRa: aViral Channelrhodopsin

- Impermeable to Ca2+

» Viral rhodopsin 1 (VR1) family
« Expressible in human cells

- Characterized at CMM (2020)

Na* 4 K* ANaC .
2+
VirChR1 l l —_— CrChR2 I ‘ \ | — | ‘
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no flux
Zabelskii et al., NatComm 2020




VirChR1 Features: Previous Research

Neural Firing lon Selectivity Off-Kinetics
Control

K=2.2mM CaC|2 | Toff =~1 50 ms

Rel. current, a.u.
Current, pA

05 1.0 2.0 40 80 200 80.0 : 10 15 20 25 30 35
Ca’ * concentration, mM Time, s

- M Zabelskii et al., NatComm, 2020

ime, s

e Driving neural v « Impermeability v « Temporal precision: v

potential spikes to Caz2+ Toff = 150 ms




VirChR1 Features: Previous Research

Neural Firing lon Selectivity Off-Kinetics
Control

e Driving neural potential v  Impermeability v - Temporal precision: v

spikes to Caz2+ Toff = 150 ms
« Stronger « Conserved e Enhanced

photocurrents selectivity for kinetics
Caz+




METHODS




Semi-rational Mutagenesis

OLPVRI
Retinal

Central

constriction . T ; .
site (CCS) - ' VirChRa
. : (AlphaFold2 prediction)

Extracellular
constriction
site (ECS)

» Structuralinsights  » Rhodopsins’ motifs ~ » Rhodopsin mutations lore




Patch Clamp Technique

2

150 1

+80.0 mV
+60.0 mV

-80.0 mV
-100.0 mV

» Typical data
from Patch Clamp




RESULTS
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Combining mutations

Mutation that have

significantly e Mut4/Mut18

optimized VirChR1:

> Mut4  Mut4/Mut20

e Mut4/Mut21
» Mut18 ‘
e Mut18/Mut20

» Mut20
» Mut21

* Mut18/Mut21
* Mut20/Mut21




Results: Photocurrent in Double Mutants
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WT Mut4 Mut20 Mut21 Mut18 Mut4/ Mut4/ Mut4/ Mut20/ Mut20/ Mut21/
Mut20  Mut21  Mut18 Mut21 Mut18 Mut18

* Mut4/Mut18
* Mut4/Mut20
* Mut4/Mut21
* Mut18/Mut20
* Mut18/Mut21
* Mut20/Mut21




Result: Kinetics & Selectivity in Double Mutants

Inverse voltage Vyey [MV]

WT  Mut4 Mut20 Mut21  Mut18 Mut4/ Mut4/ Mut4/ Mut20/ Mut20/ Mut21/ Mut4 Mut20 Mut21 Mut18 Mut4/ Mut4/ Mutd/ Mut20/ Mut20/ Mut21/
Mut20  Mut21  Mut18  Mut21  Mut18 Mut18 Mut20  Mut21 Mut18 Mut21 Mut18 Mut18




Results: Combining mutations

Double Muta_tions that
optimized VirChR1: Mutations that further

e Mut4/Mut18 optimize VirChR1’s

features when paired:
» Mut4

* Mut4/Mut21 > Mut18

Candidate Triple Mutant:

Mut4/Mut18/Mut21

» Mut21

 Mut18/Mut21




Result: Photocurrent in Triple Mutant

* eVirChR1:
5X 1Increase in
photocurrent
densities

| |
L
o
~
<
o
—_
=
=N
—
>
x
(%]
c
(]
©
)
c
(O]
-
p -
-
O
O
o+
®)]
<
o

Photocurrent density in relation to WT

WT Mut4 Mut20 Mut21 Mut18 Mut4/ Mut4/ Mut4/ Mut20/ Mut20/ Mut21/ Mut4/

Mut20 Mut21  Mut18 Mut21 Mut18 Mut18 Mut21/
Mut18
(eVirChR1)




Roadmap to Optimized VirChR1

« Screening characterization of 20+ single amino-acid mutants

e “Successful” mutations combined

« Design of an optimized protein variant: eVirChRa




Roadmap to Optimized VirChRa

« Test impermeability to Ca2+ in live cells

« Improve localization of eVirChRz1 in plasma membrane

« Ensure functioning in neurons
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Thank you for attention!

Roadmap to Optimized VirChRa

e Test impermeability to Ca2+ in live cells
» Improve localization of eVirChR1 in plasma membrane

e Ensure functioning in neurons




