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The complexity of the brain




The complexity of the brain

EYFP

Thy1-EYFP mouse brain block
(Chung et al., 2013)
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he major challenge facing neuroscience was the need
to control one type of cell in the brain while leaving
others unaltered.

Nobel laureate Francis Crick (1979)



Controlling the brain with light

(Zhang et al., 2007)



Controlling the brain with light

Karl Deisseroth  Edward S Boyden Feng Zhang



Controlling the brain with light

Optogenetics Resource Center

http://www.stanford.edu/group/dlab/optogenetics/



Optogenetic Tool Family

depolarization hyperpolarization depolarization signaling

(Tye and Deisseroth., 2012)



Channelrhodopsin-2 (ChR2) expression on specific neural populations

channelrhodopsin-2
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Channelrhodopsin-2 (ChR2) expression on specific neural populations
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Channelrhodopsin-2 (ChR2) expression on specific neural populations

pA

[TRDS T rep2 capo TR Wt AAV genome

PAAV-ET &DlO-hChRZ(H134R)-EYiP~WPRE—pA E1-containing HEK293 cells lodixanel gradient centrifugation
p

TREF 10 § DdIATA 058 VPRE T =
rAAV packaging p;onstruct > é;@ L]
AAVS  tfriple transfectlon% } @ & "P = 9 O.@ i

o eop=Clle o S
AAVE o2 (e o' 70000 RPM
Ad helper construct = o B

VAL VAZ E2A LA L5 Edont

Q sephorase chromatography  dialysis pure rAAY rAAV quantification by reaitime PCR

“‘"““/"7"}" Y & e

10~




Channelrhodopsin-2 (ChR2) expression on specific neural populations
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Channelrhodopsin-2 (ChR2) expression on specific neural populations
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Channelrhodopsin-2 (ChR2) expression on specific neural populations
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ChR2 expression on CA3, GC, Mossy cell afferents
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ChR2 expression on CA3, GC, Mossy cell afferents
ChR2-EYFP expressing neuron



Optical stimulation of ChR2-EYFP expressing afferents

CA3-CA1 synapse
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pavalbumin-Cre mice
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(Zhang et al., 2010)

In vivo optogenetics



Direct and indirect-loop

Excitation

Inhibition

GPe - Globus pallidus externus

GPi1 - Globus pallidus intermus )

PUT —~ Putamen

SN — Substantia nigra ‘ Mesencephalon
STN - Nucleus subthalamicus SN

THA -~ Thalamus




Optogenetics re-visits the theory

(Kravitz et al., 2010)



Bilateral stimulation of indirect pathway

(Kravitz et al., 2010)



Contextual fear memory




Contextual fear memory
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Creating a false memory in the hippocampus
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Creating a false memory in the hippocampus
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virus generation stereotaxic generation Optogenetics in brain slices

in vivo optogenetics

http://www.stanford.edu/group/dlab/optogenetics/






