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Pokrocilé metody studia
uceni a pameti

m Elektrofyziologie

m Extracellular multiple single unit recording
m Chronické nahravani z pohyblivych zvirat

m Intervencni techniky

m |[EG Imaging

m Optogenetika, chemogenetika
m Clarity - zprihlednovani




Eletrofyziologie

m Multiple single unit recording
— Hippocampal place cells
— Tetrody

— Klastrovani

m roztridéni multijednotkového zaznamu na jednotlivé
neurony

— Firing rate maps
m zprdmérovana aktivita

— Time series
= jednotlivé epizody — detailni Casova infomace

— Neuronal ensembles
= Mnoziny neuronl ucastnici se téze reprezentace



Place cells

+



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) jedne
tetrody vidi stejne
neurony, ale kazda
trochu jinak.

m Spiky z jednotlivych

neuronl vytvari
shluky (clustery).

Szymusiak & Nitz, Curr Prot Neurosci
6.16, 2002




Firing rate maps
zmeny v prostredi
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Remapping
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Prospective and
retrospective coding
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Entorhinal grid cells
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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 kanald
— AMPA antagonista CNQX
— Agonisté inhibicni neurotransmise — muscimol
— Lokalni aplikcace agonistl a antagonistil specifickych
receptoru

m Genetické manipulace

— knock-out, knock-down, knock-in



Transgenni technologie

+- Umoznuji ,vypnuti® urcCitého genu nebo naopak
vheseni genu ciziho.
— knock-out / knock-down
— knock-in
m DUsledkem mUze byt inaktivace specifické bunecné
struktury nebo specifické populace
— Germline

— Selective
m Cre recombinase a loxP system
m cell type-specific promoters
— Inducible
m Tet-O system (tetracycline transactivator)
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IEG imaging
+- Nervova aktivita spousti expresi gentl casné
odpovedi (immediate-early genes — IEGS) v

neuronech
— C-fos, Zif268/Egr 1/...., Narp, BDNF, Arc, Homerla

m RNA

m in situ hybridization
m Radioaktivni
s Fluorescencni - FISH

m qPCR
m Nothern blot

m Protein

= Immunohistochemistry
m Western blot



Immediate-early genes
IEGS

Exprese IEGs Arc (zelene) 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 S a

R{zné druhy IEG
signalu: Arc
Intranuclear foci

Guzowski et al., 1999

>

-INF (a); Arc -
cytoplasmic (b);
double-positive
Arc signal (c);
double label Arc
(zelené) a zif268
(Cervene)(d)




catFISH

Cellular compartment analysis of
temporal activity by FISH

+ caged ot P ,

R SO CEAl  w  Intranuklearni exprese
Arc (primarni RNA
transkript) se objevuji v
jadrech neuront v CAL,
CA3 a v klre okamzité
po exploraci prostredi A.

m Po 25 minutach se Arc
MRNA objevuje v
cytoplazmé.

m Nizka exprese Arcv DG
se nemeni.

Guzowski et al., 1999,
Nat Neurosci




Kontextualni specificita
exprese Arc

+

[ intranuclear foci [ cytoplasmic Double Arc Slgna:| (S
specificky k

s behavioralnimu
EH kontextu: stejné
op neurony jsou

= » aktivni ve

2& stejném

: = (I IR W prostredi A, ale
= C =|-|:|1-'1:| A, A, ASA A/B A/B, odlisSné Skupiny

immediate delay y delay

jsou aktivni v
Behavioral group riznych
Guzowski et al., 1999, Nat Neurosci prOStFed IICh A/B.



Zpozdeny vyskyt signalu z
Homerla

Homer 1a

m Intranuklearni signal (INF)
Homerla se objevuje 30 minut
po indukujici stimulaci (MECS).

m Toto zpozdéni je dano pozici
proby na 3'UTR na primarnim
transkriptu (—40 kb od
pocCatku) a omezené elongacni
rychlosti RNA polymerazy Il
(—1.4kb/min).

m INF HIa se Casove shoduje s
cytoplasmatickym Arec. >

Vazdarjanova et al., 2002, J Neurosci




INF H1a kolokalizuje s
cytoplazmatickym Arc

o

T ircicyio = Intranuklearni signal
I H1a foci Homerla se objevuje
M Double ve stejnych neuronech
jako cytoplasmaticky
Arec.
= TO umoznuje
modifikaci catFISHe:
B gy aktivita beéhem prvni
»| CORTEX behavioralni epizody
je detekovana pomaoci
Homerla INF a druha
prostrednictvim Arc
INF.

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

Vazdarjanova and Guzowski, 2004, J Neurosci

Homerla (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 beéhem
obou epizod.



Zmeny v prostredi

+

m Zvirata byla vypusténa na 6 min
jednou v prostredi A, navracena
do svych kleci, a 20 min pozdé€ji
podruhé vypusténa v tomtéez
prostredi A, v modifikovaném
prostredi A’ bud’ s jinymi objekty
Aobj, s jinym usporadanim
stejnych objektl Aconf, anebo s
jinymi vzdalenymi orientaCnimi
znackami Ab, anebo v Uplné jiném
prostredi B.

= Kontrolni zvirata (caged controls -

CC) zUstala 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
prekryvaiji.

m V rlznych prostredich (A/B)
jsou aktivni skupiny v CA3
statisticky nezavislé, zatimco

D Intranuclear foci . Cytoplasmic Double
&

CAl neurons

(mean + 5.e.)
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Guzowski et al., 1999, Nat Neurosci

CA1 -... v CA1 nadale pretrvava jista
ok ib [ podobnost skupin.
I JJJ ul m Pfi mirnych zménach (A/A)
hta A ArcHias je podobnost vy3si v CA3

Vazdarjanova and Guzowski, 2004, J Neurosci nei V CAl



Dynamika IEG exprese v
CA3 a CA1l se lisi

+Odpovéd’ na zmenu prostredi je v 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
vzorcl (pattern completion) v CA3, nikoliv v CA1.
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I i neuronalni

Podobne se lis
aktivita

Leutgeb et al., Science, 2004 Lee et al., Nature, 2004
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Kolik aktivity je treba ke
spusteni exprese Arc ?

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

m Je aktivita place cells

vyvolana jedinou 123cm

navstevou ,,place : [ ==

field" dostatecna ke oo |UEJ

spusteni exprese Arc? ;
m Posili opakovani tuto 410 MI

expresi?

Miyashita et al., 2009, J Neurosci
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Jednorazova zkusenost spousti
expresi Arc v hipokampu

‘- Populace Arc+

neuronl v CA3
byly kompletni
uz po prvnim

kole, zatimco v

CAl se Arc+
populace
rozrlstala s
opakovanim. e e
| /4I’C mflie byt o T dL1p [ aL+4D
SOU(\fa,Stll ) _ ',,:, .‘ e;s
molekularni L
kaskady od i
neuronalni 4 - Lo
aktivity k L oo o000
synaptické | " oD g me s ae

Number of Laps Number of Laps

plasticité. N .
Miyashita et al., 2009, J Neurosci



Vede aktivita place cells vzdy
ke spusteni exprese Arc?

‘ m |Inaktivace CNCA3. VEH-TRACK CA3, TETRA-TRACK

medialniho septa _. .
(MS) narusuje uceni
a plasticitu v
hipokampu, ale
prostorove
specificka aktivita v
CAl je zachovana.

m Inaktivace MS zcela
eliminovala
behavioralné , _ | *
IndukOvanOU : ) ' [ ] 'I'ETIH:A
expresi Arcv : 3]
hipokampu.

Miyashita et al., 2009, J Neurosci




Hyperassociation in a
model of psychosis

saline ' MK-801 Arc/Homer 1a catFISH imaging of neuronal activity during re-
peated exploration of the same or different contexts.

AIA CA3

MK-801 abolished ensemble code for spatial context in CA1, but not
in CA3 populations of IEG positive neurons.
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Optogenetika

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

-protein-coupled receptors

Lee et al., 2013, Drug Discov Today



Chemogenetika - DREADDSs

‘ Wess et al., 2013, Trends Pharm Sci
Designer Receptors Exclusively L
Activated by Designer Drugs =

Human M3 Human M4

CNO (Clozapine-N-Oxide) Feceptor (M3 Fecaptor (4a)

' V

G

G‘h’n ifo
Nonbiased

(Neuronal excitation) (Neuronal silencing)

Clozapine-N-oxide (CNO) ACh
=
Rat M3 B1-Adrenergic
muscarinic receptor (turkey)
receptor (riVi3)
rM3Ds rM3 Ds/’q

Multi end point reading
e.g. cAMP, Ca2+, Arrestin recruitment,

Drug Discovery Today TRENDS in Pharmacological Sciences




hM3Dg - hM4Di
+

hM3Dq Rm1,2 Rs1
5-HT,,D155E TREC rM3/B1Ds
H 1 F435A Neoceptor
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Dong et al., 2010, Mol Biosyst



Aktivace hM3Dq
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Synthetic memory trace
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Synthetic memory trace

A

CtxA CtxB Retrieval
Labeling Training Test

=-CNO

(ctxA)
-CNO

A

CtxA CtxB CtxC Retrieval
Labeling Training Relabel Test

e

+LINO
(ctxA)

B

2A-hour Retieval Gl 2-week Retrieval CtxB

80
70
60
50
40
30
20 A control

10
® hM;D,

80
70

50
40
30

% Freezing

A control

1 ® hM;D,

Garner et al., 2012, Science



Pokrocilé metody studia
uceni a pameti

m Elektrofyziologie

m Extracellular multiple single unit recording
m Chronické nahravani z pohyblivych zvirat

m Intervencni techniky

m |[EG Imaging

m Optogenetika, chemogenetika
m Clarity - zprihlednovani




Clarity
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Clarity — ,,Odmast'ovna"

m Hlavni prekazkou Sireni
svéetla tkani jsou lipidy.

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

(protilatky apod.).

Cheng et al., 2013, Nature



Clarity
+

m V zavislosti na
pracovni vzdalenosti
objektivu Ize
zobrazovat cely
iIntaktni mysi mozek.




Clarity

m Clarity
umoznuje
opakované
barveni —
skutecne trvaly
preparat




Clarity

m Kontinuita struktury
— trasovani projekci
v intaktni tkani

m ZvySené mnozstvi
dendritickych
mustkd v autismu.




Dekuji za pozornost!

+

Stépan Kubik a Ale$ Stuchlik
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