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Stépan Kubik




Hipokampus — Mekka
neurovedcl

+

— Anterogradni amnézie po lézi hipokampu u
clovéka — Scoville a Milner, 1957

— Synapticka plasticita - LTP — Bliss a Legmo, 1973
— Prostorova pamét’ — Barnes, 1979; Morris, 1982

— Place cells — mistni neurony — O'Keefe a
Dostrovsky, 1971




Pokrocilé metody studia
uceni a pameti
+

= Elektrofyziologie — in vitro

m In vitro
m In vivo
s Chronické nahravani z pohyblivych zvirat

m Intervencni techniky

m [EG Imaging

m Funkcni zobrazovani - fMRI, PET
m Optogenetika, chemogenetika

m Clarity - zprthlednovani




Eletrofyziologie

m Multiple single unit recording
— Hippocampal place cells
— Tetrody

— Klastrovani

m roztridéni multijednotkového zaznamu na jednotlivé
neurony

— Firing rate maps
m zprlmérovana aktivita

— Time series
m jednotlivé epizody — detailni Casova infomace

— Neuronal ensembles
= Mnoziny neuronl ucastnici se téze reprezentace




MET XS

+




Headstages - microdrives

Jog et al., J Neurosci Meth, 2002



Tetrodes & microdrives

Foto: archiv autora




Tetrodes & microdrives

+




Multiunit recording

+

m VSechny 4 elektrody
(12.5 - 25um) jedné
tetrody vidi stejné

neurony, ale kazda
trochu jinak.

m Spiky z jednotlivych

neurond vytvari
shluky (clustery).

Szymusiak & Nitz, Curr Prot Neurosci
6.16, 2002




Firing rate maps
a zmeny v prostredi
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Remapping

Rate remapping Global remapping
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Prospective and
retrospective coding
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Entorhinal grid cells

Dorsove
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Intervencni techniky

‘ m Permanetni léze

— Aspiracni

— Chirurgické

— Termokoagulacni

— Excitotoxické

— Selektivni neurotoxiny

m Docasne inaktivace — funkcni leze
— Implantované kanyly pro intrakranialni injeckce
— TTX a ostatni blokatory iontovych kanalt
— AMPA antagonista CNQX
— Agonisté inhibicni neurotransmise — muscimol
— Lokalni aplikcace agonistl a antagonisti specifickych
receptoru

m Genetické manipulace

— knock-out, knock-down, knock-in




Transgenni technologie

+

s Umoznuji ,vypnuti® urcitého genu nebo
naopak vneseni genu ciziho.
— knock-out / knock-down
— knock-in

m DUsledkem muze byt inaktivace specifické
bunecné struktury nebo specifické populace

— Germline KO
— Selective KO

m Cre recombinase

m cell type-specific promoters
— Inducible KO

m Tet-O system
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IEG imaging

+

= Nervova aktivita spousti expresi genti Casné
odpovéedi (immediate-early genes — IEGS) v

neuronech
— C-fos, zif268/erg/...., Narp, BDNF, Arc, Homerla

m RNA

m in situ hybridization
m Radioaktivni
s Fluorescencni - FISH

= dPCR
m Nothern blot

m Protein

m Immunohistochemistry
m Western blot




Immediate-early genes
IEGS

Exprese IEGs Arc (zelené) a zif268
(Cervene) v CA1 neuronech v klidu (a) a 2
(b), 5 (c), 15 (d), 30 (e) a 60 (f) min po
MECS, g — s RNazou; h — sense proba

Guzowski et al., 1999

R{zné druhy IEG
signalu: Arc
Intranuclear fOCI
-INF (a); Arc-
cytoplasmic (b);
double-positive
Arc signal (¢);
double label Arc
(zelene) a zif268
(Cervené)(d)




catFISH

Cellular compartment analysis of
temporal activity by FISH

caged

comrol _immediate A delay [VRRIO eI aal exprese

Arc (primarni RNA
transkript) se objevuiji v
jadrech neuront v CAl,

CA3 a v klire okamzité
po exploraci prostredi A.
Po 25 minutach se Arc
MRNA objevuje v
cytoplazmé.

Nizka exprese Arcv DG

S€ nemeni.

Guzowski et al., 1999,
Nat Neurosci




Kontextualni specificita
exprese Arc
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Behavioral group

Guzowski et al., 1999, Nat Neurosci

Arc signal je
specificky k
behavioralnimu
kontextu: stejné
neurony jsou
aktivni ve
stejném
prostredi A, ale
odlisné skupiny
jsou aktivni v
riznych
prostredich A/B.




Zpozdeny vyskyt signalu z
Homerla

Homer 1a

pocatku) a omezené elongacni
rychlosti RNA polymerazy II
(~1.4kb/min).

INF H1a se Casove shoduje s
cytoplasmatickym Arc. >

Vazdarjanova et al., 2002, J Neurosci

m Intranuklearni signal (INF) ik
Homerla se objevuje 30 minut
po indukujici stimulaci (MECS).  |aaas
m Toto zpozdéni je dano pozici
proby na 3’'UTR na primarnim
transkriptu (~40 kb od




Arca Homerla INF pochazeji
z ruznych casovych useku

+

s Casovy odstup Homerla
signalu (zelené) je zachovan i
po exploraci noveho prostredi
(open field).

% neurons with Arc foci
% neurons with H1a foci

11 i--l

caged 0' 8 16' 25 3%’ Ocaged 0' & 16° 25 35

Vazdarjanova et al., 2002, J Neurosci




INF H1a kolokalizuje s
cytoplazmatickym Arc

a - 1 arc oyto » Intranuklearni signal
7 H1a foci Homerla se objevuje
B Double ve stejnych neuronech
jako cytoplasmaticky
Arc.
To umoznuije
modifikaci catFISHe:
T .~ aktivita behem prvni
.| CORTEX behavioralni epizody
je detekovana pomoci
Homer1a INF a druha
prostrednictvim Arc

INF.

Vazdarjanova et al., 2002, J Neurosci
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Arc/ Homerla catFISH

90 um

Vazdarjanova and Guzowski, 2004, J Neurosci

Homerl1a (zeleny
INF) znaci neurony
aktivni béhem prvni
epizody ~25-30 min
pred smrti zvirete.
Arc (Cerveny INF)
znaci neurony aktivni
béhem druhé epizody
bezprostredné pred
usmrcenim. Double-
pozitivni neurony
byly aktivni béhem
obou epizod.




Zmeny v prostredi

+

m Zvirata byla vypusténa na 6 min
jednou v prostredi A, navracena
do svych kleci, a 20 min pozdeji
podruhé vypusténa v tomtez
prostredi A, v modifikovaném
prostredi A" bud’ s jinymi objekty
Aobj, s jinym usporadanim
stejnych objektt Aconf, anebo s
jinymi vzdalenymi orientaCnimi
znackami Ab, anebo v uplIné jiném
prostredi B.

Kontrolni zvirata (caged controls -
CC) zlstala ve svych klecich po
celou dobu.

Vazdarjanova and Guzowski, 2004, J Neurosci




CA1l a CA3 reaguji odlisne
na zmeny v prostredi

m Ve stejném prostredi (A/A)
se aktivni neuronalni
skupiny (neural ensembles)
v CAl i v CA3 z valné Casti
prekryvaii.

V rlznych prostredich (A/B)
jsou aktivni skupiny v CA3
statisticky nezavisle, zatimco
v CA1l nadale pretrvava jista
podobnost skupin.

Pri mirnych zménach (A/A")
je podobnost vyssi v CA3

Vazdarjanova and Guzowski, 2004, J Neurosci nei V CA]_

D Intranuclear fod . Cytoplasmic Double
*

“
=
Q
-
=
@V
c

<

v
v
>

=,
Q.

-
=
v
v
-
v

e




Kontextualni specificita IEG

m\Ny

exprese v CA3 a CA1 se lisi

+Odpoved na zmenu prostredl jev CAl postupna, zatimco v
CA3 se blizi dvéma staviim bud’ totoznych, nebo
diametralne odliSnych populaci. To ukaZUJe na dynamickou
rovnovahu mezi separaci (pattern separation) a doplnénim
vzorclt (pattern completion) v CA3, nikoliv v CAl.

AOUTPUT

AINPUT
Vazdarjanova and Guzowski, 2004, J Neurosci Guzowski et al., 2004, Neuron




Kolik aktivity je treba ke
spusténi exprese Arc?

.

Track maze —potkan
projde kazdym
mistem prave jednou
v kazdém kole

Je aktivita place cells L
vyvolana jedinou e

navstévou ,place : e
field" dostatecna ke Day 1] [Deyz] [Deya] [Days

spusteni exprese Arc? Sy

5 min

Posili opakovani tuto [ <o

expresi? Smin

Miyashita et al., 2009, J Neurosci




Jednorazova zkusenost spousti
expresi Arcv hipokampu

‘- Populace Arc+ [g°AsTc

neurond v CA3
byly kompletni
uz po prvnim
kole, zatimco v
CAl se Arc+
populace
rozrUstala s
opakovanim.

m Arcmize byt
soucasti
molekularni
kaskady od
neuronalni
aktivity k
synaptické
plasticité.

CA3, 1L-1D CA3, 4L-4D
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Vede aktivita place cells vzdy
ke spusteni exprese Arc?

+ Inaktivace

medialniho septa
(MS) narusuje uceni
a plasticitu v
hipokampu, ale

prostorove
specificka aktivita v
CA1 je zachovana.

Inaktivace MS zcela

eliminovala

behavioralne . == | *_
indukovanou % R
expresi Arcv ; .

hipokampu.

Miyashita et al., 2009, ] Neurosci
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m Behavioralni techniky — viz vyse
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m In vivo
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Optogenetika

Stanford Optogenetics Resource Center:
http://www.stanford.edu/group/dlab/optogenetics/
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Optogenetika

Kationtovy kanal
Chloridova pumpa

Svetlocivny
chimericky GPCR

Kombinace rliznych
vinovych délek

Virové vektory

Kombinace s
dalsimi transgeny
(Cre rekombinaza,
tetracycline
transactivator (tTa)
Zhang et al., 2010, Nature Prot
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Yizhar et al., 2011, Neuron
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Opsin

Mechanism

Peak Activation &

Off Kinetics (7, ms)*

Kinetics References

Blus/Green Fast Excitatory

ChR2 Cation channel 470 nm ~10ms Boyden et al., 2005;
Nagel et al., 2003
ChR2(H134R) Cation channel 470 nm 18 ms Nagel et al.. 2005
Gradinaru et al_., 2007
ChR2 (T159C) Cation channel 470 nm 26 ms Bemdt st al., 2011
ChR2 (L132C) Cation channel 474 nm 16 ms* Kleinlogel et al., 2011
ChETAs: Cation channel 470 nm ([E123A) 4 ms (E123A) Gunaydin et al., 2010;
ChR2[E1234) 490 nm (E123T) 4.4 ms ([E123T) Bemdt et al., 2011
ChR2(E123T) 8 ms (E123T/T158C)
ChR2[E123T/T159C)
ChIEF Cation channel 450 nm ~10ms Lin et al., 2009
ChRGR Cation channel 505 nm 4-5 ms* (B-10ms) Wang et al., 2008;
Wen et al., 2010
Yellow/Red Fast Excitatory
Cation channel 545 nm 133 ms Znang stal, 2008
Cation channel 540 nm 156 ms Yizhar et al,, 2071 1a
C1Vi ChETA (E162T) Cation channel 530 nm 58 ms Yizhar et al., 2011a
C1V1 ChETA Cation channel 535 nm 34 ms Yizhar et al, 2011a
(E122T/E162T)
Bistable Modulation
ChR2-step function Cation channel 470 nm 25 |C128T); Bemdt et al., 2009;
opsins (SFOs) activation / 590 nm 42 5 (C12BA) Bamann et al., 2010
deactivation 1.7 min (C128S) Yizhar et al., 2011a
6.9 min [D1564)
29 min (1285/1564)
VChR1-5F0s Cation channel 560 nm 32 s (C1238)

activation / 390 nm
deactivation

5 min (1235/1514)

Yellow/Red Inhibitory

aMNpHR3.0 Chloride pump 590 nm 4.2ms Gradinaru et al., 2010
Green/Yellow Inhibitory”
Arch/ArchT Proton pump 566 nm 9ms Chow et al., 2010
eBR Proton pump 540 nm 19 ms Gradinaru et al., 2010
Biochemical Modulation
Opto-p2AR I Gs-protein signaling 500 nm 058 Alran et al., 2009
Opto-a1AR 1 G,-protein signaling 500 nm 3s Airan et al., 2009
Rh-CT(5-HT1A) I Guo-protein signaling 485 nm 3s Oh etal., 2010

T cAMP 453 nm 12s Stierl et al., 2011

t cAMP 485 nm 16 5 (50% decay) Ryu et al., 2010
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Creating false memories

Ramirez et al., 2013, Science
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Creating false memories
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Chemogenetika - GPCR
TG

-protein-coupled receptors
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Lee et al., 2013, Drug Discov Today




Chemogenetika - DREADDs

‘ Wess et al., 2013, Trends Pharm Sci
Designer Receptors Exclusively oy R —— -
Activated by Designer Drugs =
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Drug Discavery Today TRENDS in Pharmacological Sciences




hM3Dq - hM4Di
+

hM3Dq Rm1,2 Rs1
5-HT,,D155E TREC rM3/B1Ds
H1F435A Neoceptor

Dong et al., 2010, Mol Biosyst



Aktivace hM3Dq
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Garner et al., 2012, Science




Synthetic memory trace
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Synthetic memory trace
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Clarity




Clarity — ,Odmast’'ovna"

m Hlavni prekazkou Sireni
svéetla tkani jsou lipidy.

= Jejich odstranéni po
predchozi fixaci
hydrofilnich biomolekul
v hydrogelove mrizce
zprostupnuje téz
tkan/vzorek pro
makromolekuly

(protilatky apod.).

Cheng et al., 2013, Nature




Clarity

m V zavislosti na
pracovni vzdalenosti
objektivu lze
zobrazovat cely
intaktni mysi mozek.




Clarity

m Clarity
umoznuje
opakované
barveni —
opravdu trvaly
preparat




Clarity

m Kontinuita struktury
— trasovani projekci
v intaktni tkani

m Zvysene€ mnozstvi
dendritickych
mustkd v autismu.
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