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* PazBuTME MONIEKYNAPHOIO MHCTPYMEHTAPMA ONTOrEHETUKN

* Ncnonb3oBaHMe ero B U3y4yeHUn paboTbl Mo3ra u
npoueccoB NamsaTu

* TeXxHONOMMA CUHTETUYECKUX PELLEeNTOPOB aKTUBUPYEMBbIX
33/1aHHbIM NNTAHAOM

DREADD (Designer Receptors Exclusively Activated by
Designer Drugs)

* lcnonb3oBaHME eé B U3y4eHUn paboTbl mo3ra u
npoueccoB NamaATu
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1970-1980e

OTKpbITUE U N3yeHUne ONCUHOB

® Halobacterium salinarum:

® [loaBUHKHbIN OPraHM3m

® M OXKeT }KUTb TO/IbKO NPU CBETE KaK MCTOYHUKE
sHeprum (Bacteriorhodopsin)
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2002

chARGe mor b6biTb OTBETOM

® TpexreHHas cuctema GoTOTPaAHAYKLMNOHHOIO

KacKaga Apo30duabl KOTOPAA SKCNpeccupoBanach u
paboTana B Ky/NbType rmnnoKamananbHbIX
HEWPOHOB.

® chARGe= Arrestin-2 rhodopsin cBA3aHHbIK C anbPa
cybbeanHuuen g-benka.
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Figure 6. A ChARGed Hippocampal Neuron during Alternating Periods of Darkness and lllumination



2003 n 2004
KaHasnopoaoncuH-2

(Channelrhodopsin-2§

Chlamydomona reinhardtii
MCcnonb3yeT KaHa/I0PO40MNCUH-2
(ChR2) ansa
doToTaKkcuca(Sineshchekov et al.
2002).

ChR2 KaTMOHHbIX KaHan,
OTKPbIBAOLLMNCA B OTBET HA
CBET, NCNnoJsib3yeTcAa AnAd

asmxeHuna B C. reinhardtii.

channelrhodopsins
(e.g., ChR2)

H+*, Na*, K*, Ca*
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two different ChR2-expressing
neurons in vitro, responding to
the same train of blue light pulses
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2005

[MepBas nybanKauma Nno onToreHeTmnKe

® B 2005 nepsyto cTaTbto 06
MCNONb30BAaHMMN ONTOrEHETUKM Ha
KYNbType rmnnokamnasibHbIX
HEMPOHOB

500 ms
(Boyden, et al. 2005)




Millisecond-Timescale Optical Control of Neural
Dynamics in the Nonhuman Primate Brain

Xue Han, '-* Xisofeng Oian ' Jacoh G. Bamstein ! Hui-hul Thou,? Giovanni Talei Franzesi" Patrick Stem,?

— ChR2 moxeT bbITb MCNonb3oBaH Ha
HeyenoBeKoobpa3HbIX obe3bsiHax Ana
MOAV/ILMU aKTUBHOCTU B oNpeae/ieHHOM
Habope HenpoHoB (a-CaMKIl npomoTop) He
BbI3blBaA CMEPTU HEMPOHOB UIN MMMYHOTO
OTBEeTa



2007

N. pharaonis lanopoaoncuH

® ranopoaoncuH apxen N. Pharaonis
MOeT UCNO0J1b30BaTbCA ANA
MHrMbuposaHusa HenpoHos (Cl-
KaHan)

® [1pn aKkcnpecumn ero B C. elegans
MOYXHO MOAYNMPOBAaTb JTOKOMOLMIO

4yepBsa in vivo.

halorhodopsins
(e.g., Halo/NpHR)

Halo-expressing neuron
in vitro, quieted by yellow light

1 5 10 15 20

Current HHH“““HHHH

injection

Light

Current
injection
+

Light




2010

ApxepoaoncuH (Arechearhodopsin)

* PaspeweHune orpaHNYeHUM
ranopoaoncuHa:

ApxepoaoncuUHbl

— MoryT NONHOCTbIO BbIKAHOYUTD
HEWUPOH.

— bbICTPO BOCCTaHAaBAMBAKOTCA
nocne CTumynauunm

— [MnepnonApm3yoT KNeTKy
BblKkaumsas H+ (Chow et al.
2010).

archaerhodopsins and
bacteriorhodopsins
(e.g., Arch, Mac, BR)

extracellular side |
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infracellular side 2/
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100% neural silencing
in cortical neurons of awake mice

mediated by Arch




[lBe Hanbonee uHTpUryrowme npobaembl pabotbl mo3ra 310
MeXaHU3Mbl CO3HAHUA U NAMATH

ebo/ibLLe BCEero Hac MHTepecyeT cCoO3HaHue
*Ho namATb uccnenosaTb ropasao npotue



Kak namaTb

* dpopmunpyetca B mo3sre?

* XPaHUTCA B MO3re Ha NPOTAXKEHME MHOTMMUX NeT?

* n3bupartenbHO U3BJIEKAETCA, KOraa 3TO
HeobxoaMmo?




[MpuMmepHas cxema 3KcrnepumeHTa c obyyeHnem Ha
MbILLAX (MamaATb O cTpaxe).

Vor0i %




[eHbl paHHero otTBeTa(immediate early
genes c-fos, Arc) akTMBMpPYLOTCA Npwn
0by4YeHuw.

a b

O6yuyeHue BO B3pOoCIOM mo3re

KOHTPONb  “"c.fos

dKcnpeccua c-fos ana KapTMpoBaHMUA aKTUBHOCTU BO
BCEM MoO3re



Cxema reHeTu4eCcKunx KOHCTPYKTOB KOTOpPbIEe MOTYT 6bITb NCNO/Ib30BaHbI ANA KapPpTUPOBAHUA
HeVIpOHaﬂbHOﬁ dKTUBHOCTU B MO3re
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C.J. Guenthner, Neuron 78, 2013




OTCcyTCTBME AKTUBHOCTU KOPKOBbLIX MMKPOKOIOHOK NOC/IE YAANEHUA
BnbpwUcc.

Pluck N Inject
Whiskers 2 days Tamoxifen

- Sacrifice

7 days

Intact C2 Plucked

Tangential




[MpuMmepHasn reHeTU4eckasi cTtpaTerns TapreTMPoOBaHHOW 3KCNPEeCccumn B onpeaeneHHbIX KreTkax
HEPBHOW CUCTEMbI

pAAV-Ef1a-DIO-hChR2(H134R)-EYFP-WPRE-pA (Sohal et al., 2009)

///,—JOXP—~\\\\\

ITR ; EF1a g ZksdIAS-2HUD g p;VWPRE gpA} ITR Cre-inducible ChR2 construct
lox2272
l' Cre recombinase

TR TEF10 N SN YChR2:EYFP B \WrRETpAT ITR

ITR ; EF1a ChR2-EYFP Mg s&i"WPREgpA; ITR

ITR § EF1a ChR2-EYFP S WPREg pA; ITR

TkaHecneunuyHbi npomoTtop B Cre Mbiln



Tet-off cuctema ong onToreHeTUKn

-DOX

TeTpaLmMKITMHOBbBIN — ITR m ITR
TpaHcakTUBaTop nopg

KOHTponem npomotopa c-fos

l OTcyTCcTBME OOKCULIMKMHA




LETTER

Optogenetic stimulation of a hippocampal engram
activates fear memory recall

Xu Liu'*, Steve Ramirez'*, Petti T. Pang', Corey B. Puryear', Arvind Govindarajan’, Karl Deisseroth? & Susumu Tonegawa’

doi:10.1038/naturel1028
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& 8 &5 Xu Liu, Nature 484,2012




o Tast
wum Habituation 15

EGﬁE|EGnE|EDﬁE|EDnE

3min 3min 3min 3 min
d

40 -

Exp-1day

nm=3:a

Freszing (%)

Off [0n=] Off [0n

0

I
Exp-Bi Exp- Exp
1day




Co3gaHue owmnbOoYHbIX BOCMOMUHAHMI B TMNMOKAMMNE

00 05 10 15 20 25 30
Time (s)

A (Label) B (Condition) A’ (Test) C (Test)

On Dox Off Dox On Dox

Surgery &
Recovery

Ramirez
Science 341,
2013
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CrepeTb cnes namaTy NyTeM CMEPTU aKTUBMPOBAHHbIX NpeXxae
HEWPOHOB

systemic cell death
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DT
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Fiberoptic Control
of Locomotion In

ChR2 Mouse



[Opyron noaxon c ncnonb3osaHnem DREADD peuentopos

Evolving the lock to fit the key to create a family
of G protein-coupled receptors potently
activated by an inert ligand

Blaine N. Armbruster*, Xiang Li*, Mark H. Pausch?®, Stefan Herlitze', and Bryan L. Roth**57l

Departments of *Biochemistry, TNeurosciences, and 3Psychiatry, Case Western Reserve University School of Medicine, Cleveland, OH 44106; *Discovery
Neuroscience, Wyeth Research, Princeton, NJ 08543-8000; and "Department of Pharmacology, University of North Carolina Medical School,
Chapel Hill, NC 27705

Gqg-DREADD = hM3Dq = D-q ; CNO aKktusupyert
N CH3 GQg-onocTpeaoBaHHbIN CUTHA/IMHT. B HEMpPOHaxX
Bbl3bIBaeT CNAaUKOBY aKTUBHOCTb.
Gi-DREADD=hM4Di= D-i; CNO unayumpyet Gi
aKTMBaumto. B HelpoHax Bbi3biBaeT
rmnepnonapmusaumio.

Gs-DREADD = Gs-D = D-s; CNO BbI3biBaeT GS
aKTuBaumio. NogHumaet yposeHb CAMP.



Generation of a Synthetic Memory Trace

Aleena R. Garner,* David C. Rowland,’ Sang Youl Hwar1g,1 Karsten Bau rngaertel,1
Bryan L. Roth,* Cliff Kentros,® Mark Mayford™**
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HapyweHune BocnponsseaeHnUs NamMsaT MCKYCTBEHHOW aKTMBaALMEN
HEeMpPOHOB
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SIXSTEPS TO
OPTOGENETICS

With optogenetic techniques,
researchers can modulate the activity
of targeted neurons using light.

STEP1
Piece together genetic construct.

Promoter Gene encoding opsin
to drive (light-sensitive
expression ion channel)

STEP 2

Insert construct into virus

STEP3

Inject virus into animal brain; opsin
is expressed in targeted neurons.

R
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STEP4

Insert ‘optrode’, fibre-optic
cable plus electrode,

Laser light of specific wavelength
opens ion channel in neurons.

.
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Na* Opsin channel




