Optogenetics update

A brief story about the past, present, and future of opsins in
Neuroscience



Overview

* Historical milestones in Neuroscience Optogenetics
» Optogenetic applications in Neuroscience

* Recent advances in the optogenetic toolbox



Definition

Optogenetics uses light to control neurons which have
been genetically modified to express light-sensitive
receptors/ion channels.



Opsins and where to find them...
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Optogenetics and their impact on Neuroscience
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Membrane potential (mV)

Neuron, Vol. 33, 15-22, January 3, 2002, Copyright ©2002 by Cell Press

Selective Photostimulation Neurotechnique
of Genetically ChARGed Neurons

Boris V. Zemelman, Georgia A. Lee, Minna Ng,
and Gero Miesenbéck?

Laboratory of Neural Systems

Cellular Biochemistry and Biophysics Program
Memorial Sloan-Kettering Cancer Center

1275 York Avenue

New York, New York 10021

Drosophila photoreceptor genes encoding
arrestin-2, rhodopsin (formed by liganding opsin with retinal) and
the subunit of the cognate heterotrimeric G protein - an explosive

combination we termed
“charge”
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TECHNICAL REPORT
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1t in vivo application of optogenetics in mammals
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REM sleap

1st biological question addressed by optogenetics

nature Vol 450]15 November 2007 |doi:10.1038/nature06310

LETTERS

Activation of lateral hypothalamus orexin neurons

Neural substrates of awakening probed with
optogenetic control of hypocretin neurons

Antoine R. Adamantidis'*, Feng Zhang’*, Alexander M. Aravanis’, Karl Deisseroth'” & Luis de Lecea’

Hot:mCheny 20 He W :
EEG it mmmmrwmﬁa wm%w” M{Ww Nt
S T P PP NS Py nians -
Her: :ChiRZ-mChery 20 He :——Eillr—s——: :;m_
EEG  iihaaky uﬂwww, o w‘a"h'f-*n 'm'wnwn‘-v'ﬂ‘ﬂ.'m?‘ﬂmmm’lﬁﬂfﬁﬂ#’ﬂﬂl"
EMG o 100-
Hort: - mChamy e e E
-1 - | sleep | : sleep | J 5 e
EEG Mmmwﬁwammmwﬂmﬂhww Pt 2
- R A e e T S E 50,
Hert:-ChR2-mChemy REM | ~Wake | é
e - ' ! s
EEG A WA A s A g N o osrsosbbeimimmmitis i e = 257
EMG - -__-____ _-H.-——.—m.—.— _ _____ - S %

1H:

SHe 10H: 20H: 30H:z ON Baseline
Stimulation parameter

REM sleap-to-wake latancy (s

Armplifier and

:

=
&
L

:

3
&
i

b
Optical fibre

== ChiR2
ey

1THz SHe 10H: 20Hz 30Hz ON Bascline
Stimulation parameter



A brief history of Optogenetics in Neuroscience
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Discovery of microbial opsins :
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Combination of Optogenetics with other methods

doi:10.1038/nature21066

Gamma oscillations organize top-down signalling to
hypothalamus and enable food seeking

Marta Carus-Cadavieco™*, Maria Gorbati'*, Li Ye??, Franziska Bender!, Suzanne van der Veldt!, Christin Kosse?,
Christoph Borgers®, Soo Yeun Lee?, Charu Ramakrishnan?, Yubin Hu!, Natalia Denisoval, Franziska Ramm!,
Emmanouela Volitakil, Denis Burdakov4, Karl Deisseroth?%6, Alexey Ponomarenko'* & Tatiana Korotkoval*



Food zone vs drink zone

Gamma band (60-90Hz)
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BRIEF COMMUNICATION
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'l} Check for updates

Deep brain optogenetics without intracranial
surgery

Ritchie Chen's, Felicity Gore'¢, Quynh-Anh Nguyen?, Charu Ramakrishnan®', Sneha Patel ©?,
Soo Hyun Kim', Misha Raffiee’, Yoon Seok Kim', Brian Hsueh’, Esther Krook-Magnusson?,
lvan Soltesz®? and Karl Deisseroth ©14>4



Transcranial optogenetic activation does not require fiber implants
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Transcranial optogenetics in translational settings
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bioRxiv preprint doi: https://doi.org/10.1101/2021.02.18.431673; this version posted February 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Optogenetic silencing of neurotransmitter release with a

naturally occurring invertebrate rhodopsin

Mathias Mahn'~*, Inbar Saraf-Sinik'*, Pritish Patil'*, Mauro Pulin’*, Eyal Bitton', Nikolaos
Karalis®, Felicitas Bruentgens®, Shaked Palgi', Asaf Gat', Julien Dine', Jonas Wietek', Ido Davidi',
Rivka L-evyl, Anna Litvin', Fangmin Zhou’, Kathrin Sauter’, Peter Soba’, Dietmar Schmitz"~,

Andreas Liithi’, Benjamin R. Rost’, J. Simon V\/iegert3 and Ofer Yizhar'



New tools for optogenetic inhibition of axonal projections
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eOPNa3 inhibition in cultured electroporated hippocampal cultures

0,002 mW-s-mm’™

= . 1 T 2
; [ = 3y 20 mW-5mim
! = B oang " ord
=1 a |*
' g 5 3 t o Ll
= e
=3 -
| ? B N
| 1 ] Ly
20 ms E e E ] .n.'“i
et
D {I I 1 I ' L 1 Dn T ] {I T T T T 1
a 60 120 180 240 300 ctrl alPMN3 4] 120 240 360 480 600
time (s) lme (5}

240 ms latency

Pair-pulse facilitation = short term synaptic plasticity Inhibition of IPSCs

10 Hz AP stimulation

25 2.5- = | w =
: : I s 5 251
""'1 (,- —— 20 = 2.0- . 'r,", P e g1
' £ 15 2 —— ‘: L S
......-li-........1 I | R T T £ ; :‘-f 3 A""'\-;:_‘;a ﬁ o >
-gg 14 "N s g g ae » E 1.0= w---l..--- "--\.._\_\_"H L i E
f o 3 [ E 3 A @
20 ms 05- E 0.5 2 20004 30, @
1 5 ma E =
Du T T L T .I 1 'DI} T ] E . E I}ﬂ i
0 60 120 180 240 300 el eOPN3 2 i B =0 180 240 300

time (s)
time (s)



eOPN3 induces long-lasting reversible axonal inhibition
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eOPN3 in vivo validation
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Outlook

* Potential pitfalls
- Temporal/spatial precision
- Light penetration depth

- Off target effects (signaling
cascades, heating, epigenetics)

- In vivo compensation

- Construct delivery for
translational use

* Future perspectives

- Tools development
(compartments, red shifting)

- Integration with other (optical)
methods

- Translational use (cell-type
specific)
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