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OPAKOVANI
HIPOKAMPUS — MEKKA NEUROVEDCU

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

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

Place cells — mistni neurony — O’Keefe a Dostrovsky, 1971
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Behaviordlni techniky — viz vyse
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* [n vivo
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ELEKTROFYZIOLOGIE

Multiple single unit recording
Hippocampal place cells
Tetrody
Klastrovani
* roztridéni multijednotkového zaznamu na jednotlivé neurony
* Firing rate maps
* zprimérovana aktivita jednotlivych neuronl vynesena v prostoru
e Spike time series

 aktivita vynesena v Case — detaily konkrétni epizody

e Vector analysis of ensemble activity

* V kazdém okamziku je aktivita celé populace vyjadrena jako vektor jehoz
rozmeéry jsou vSechny spolehlivé rozliSené jednotky.

* Tyto aktivitni vektory ,,ukazuji“ na rlizna ,, mista”“ v mnoharozmérném prostoru
odpovidajici specifickym reprezentace v kognitivni mapé vlastnich védomosti.




PLACE CELLS




MICRODRIVE A HEADSTAGE

Jog et al., J Neurosci Meth, 2002




MICRODRIVE PRO POTKANY S SESTI
TETRODAMI

Foto: archiv autora




MICRODRIVE PRO MYSI S DVEMA
TETRODAMI




KLASTROVANI - MULTIUNIT
RECORDING

e Vsechny elektrody 1234
jedné tetrody vidi stejné
neurony ABCD, ale kazda z
jiného uhlu.

* Spiky z jednotlivych neuron
vyneseneé v prostoru jehoz
dimenzemi jsou parametry z
jednotlivych elektrod vytvari
shluky (clustery).

Szymusiak & Nitz, Curr Prot Neurosci
6.16, 2002




NEUROPIXELS 1.0
TECHNOLOGIE 21. STOLETI

Fully-integrated CMOS digital neural probe

Odpada potreba zdlouhavého hledani aktivity — lepsi
planovani

Umoznuje dlouhodobé stabilni nahravky
Mald a lehkd proba (0.4 g) i headstage (0.9 g)
Compatible with SpikeGLX and OpenEphys software




NEUROPIXELS
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i~ Connector
j for data cable

Headstage

Detachable
connector

Flex cable

AP r.m.s. Firing Gamma Single Visual
amplitude rate power neurons modulation
(V) (spikes §77)  (log[uV? Hz™")) index

| |

Jun et al. (2007) Fully integrated silicon probes for high-
T density recording of neural activity. Nature 551: 232-236.

r.m.s. noise (uV) Site impedance

Large (10 mm), dense (100 sites/mm) implantable neural recording device
Hundreds of well resolved single neuron signal traces with each probe
Simultaneous recordings across multiple brain regions

More than 700 neurons using two Neuropixels probes

High neuron count and excellent signal-to-noise performance




MICROELECTRODE ARRAY IN VITRO

b

[ Neuron [——J Neuron 2
., 25ms

Printed
circuit \
board 65k-channel
CMOS IC

ISI (ms)

compressed sensing concepts + silicon complementary metal-oxide-semiconductors - CMQOS

Cell culture and in vitro recordings — e.g. explanted retina, organotypic slices

65 536 simultaneously recording and stimulating electrodes

per-electrode electronics consume an area of 25.5 X 25.5 um

Tsai et al. (2017) A very large-scale microelectrode array for cellular-resolution electrophysiology. Nat
Commun 8(1):1802.




MICROELECTRODE ARRAY IN VIVO

Holse (SHRL9) Cyberkinetics “Utah” Array -
: Cyberkinetics Neurotechnology
Systems, Foxborough, MA

Sl 10 X 10 grid of silicon microelectrodes

(1 mm in length) spaced 400 um

apart, covering 12.96 mm2.
Cell B (SNR 3,6)
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Recording from visual cortex of
anesthetized monkeys and cats

goll C:(5NR52) Kelly et al. (2007) Comparison of
recordings from microelectrode
arrays and single electrodes in the
0 05 1 visual cortex. J Neurosci 27(2):261-4.

Time (ms)
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REMAPPING

Rate remapping Global remapping
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Call 2 Call 2

EU Hz 8 Hz

col3 H Coll

12 HZ? 20 Hz

el 4 H Cell 4
12Hz T Hz 15 Hz |
Sals H Call 5
12 HZ 1 H2
L-all E Call B
2 Hz 8 Hz

Colgin et al., Trends Neurosci, 2008




RETROSPECTIVE AND PROSPECTIVE
CODING

OOOdpEm

i

retrospective  Ferbinteanu and Shapiro, Neuron, 2003  prospective



OVERDISPERSION
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ENTORHINAL GRID CELLS
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Hafting et al., Nature, 2005
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IEG IMAGING

* Nervova aktivita spousti expresi genu casné odpovédi
(immediate-early genes — IEGs) v neuronech
» C-fos, zif268/erg/...., Narp, BDNF, Arc, Homerla

* RNA

* insitu hybridization

* Radioaktivni

* Fluorescencni - FISH
* gPCR
* Nothern blot

* Protein

* |mmunohistochemistry

e Western blot




IMMEDIATE-EARLY GENES - IEGS

Exprese IEGs Arc (zelené) a zif268 (Cervené) 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 préba %

Guzowski et al., 1999, Nat Neurosci |
>

RUzné druhy IEG
signalu: Arc
Intranuclear foci -
INF (a); Arc -
cytoplasmic (b);
double-positive Arc
signal (c); double
label Arc (zelené) a
Zif268 (Cervené)(d)




CATFISH

CELLULAR COMPARTMENT ANALYSIS OF TEMPORAL ACTIVITY BY
FLUORESCENCE IN SITU HYBRIDIZATION

caged ,
control immediate A, delay

* Intranuklearni exprese Arc
(primarni RNA transkript)
se objevuje v jadrech
neuronu v CAl, CA3 av
kiife okamzité po exploraci
prostredi A.

Po 25 minutach se Arc
MRNA objevuje v
cytoplazmeé.

Nizka exprese Arc v DG se
nemeni.

Guzowski et al., 1999, Nat Neurosci




KONTEXTUALNI SPECIFICITA EXPRESE
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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 rlznych
prostredich A/B.




ZPOZDENY VYSKYT SIGNALU Z HOMER1A

Arc Homer 1a

* |ntranuklearni signal (INF) Homerla
se objevuje 30 minut po indukujici
stimulaci (MECS).

* Toto zpozdéni je dano pozici proby
na 3’"UTR na primarnim transkriptu
(~40 kb od pocatku) a omezené
elongacni rychlosti RNA polymerazy Il
(~1.4kb/min).

INF H1a se casove shoduje s
cytoplasmatickym Arc.

Vazdarjanova et al., 2002, J




ARC A HOMER1A INF POCHAZEJI Z
RUZNYCH CASOVYCH USEKU

Casovy odstup Homerla signalu
(zelené) je zachovan i po exploraci
nového prostredi (open field).
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Vazdarjanova et al., 2002, J Neurosci




INF H1A KOLOKALIZUJE S ARCV
CYTOPLAZME

Q
2

 Areeyto * Intranuklearni signal

B H1a foci Homerla se objevuje ve

Bl Double stejnych neuronech jako
cytoplasmaticky Arc.

To umoznuje modifikaci
;- 0 catFISHe: aktivita béhem
| S p . sy, ;
Caged  Expioration prvni behavioralni epizody
C | pariETAL je detekovana pomoci
] CORTEX Homerla INF a druha
prostrednictvim Arc INF.
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% labeled of total neurons

—— Vazdarjanova et al., 2002, J Neurosci

Caged Exploration




ARC/HOMER1A CATFISH

20 1m

Vazdarjanova and Guzowski, 2004, J
Neurosci

Jadra neurond jsou znacena
modre (DAPI). Homerla
(zeleny fluorescein) znaci
neurony aktivni béhem
prvni epizody a Arc
(Cerveny Cy3) znaci neurony
aktivni béhem druhé
epizody ~25 min drive.
Double-pozitivni neurony
byly aktivni béhem obou
epizod.




CONTEXT EXPLORATION TASK

époch 1 home cage epoch 2

Zvirata byla vypusténa na 6 min jednou
v prostredi A, navracena do svych kleci,
a 20 min pozdéji podruhé vypusténa v
tomtéz prostredi A, v modifikovaném
prostredi A’ bud's jinymi objekty Aobj, s
jinym usporadanim stejnych objektu
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




CA1 A CA3 REAGUJI ODLISNE NA ZMENY V
PROSTREDI

[[] intranuclear fod [l cytoplasmic B3 e \e Stejném prostFedi (A/A) se
populace aktivnich neuronu

7 (neural ensembles) v CAliv
CA3 z valné &asti prekryvaiji.
i V rliznych prostredich (A/B)

weralramia vl ., jsou aktivni skupiny v CA3
immediate delay statisticky nezavislé, zatimco v
Guzowski et al., 1999, Nat CAl nadale pretrvava jista
Neuwrosdi s A4 ;... podobnost skupin.
fh Pfi mirnych zménach (A/A’) je
podobnost vyssi v CA3 nez v
CAl.

(mean+s.e.)
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KONTEXTUALNI SPECIFICITA IEG EXPRESE V
CA3 A CA1 SE LISI

Odpoved na zmeénu prostredi je v CAl postupna, zatimco v CA3 se
blizi dvéma stavim bud totoznych, nebo diametralné odlisnych
populaci. To ukazuje na dynamickou rovhovahu mezi separaci
(pattern separation) a doplnénim vzorcu (pattern completion) v
CA3, nikoliv v CA1.

AOUTPUT

Similarity Score
‘d. 2 = Ok L N @D

pattern completion | patlern separation |

A INFUT

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




VZTAH MEZI OPAKOVANIM NEURONALNI
AKTIVITY A EXPRESI ARC

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

Je aktivita place cells
vyvolana jedinou
U = alap around the track navstevou ,,place field
Growos. [Day1] [Dey2] [Dey3] [Days] dostateénd ke spusténi

1L-1D U sac
|

A exprese Arc?

5 min
4L-1D [m sac

A Posili opakovani tuto

Smin

1L4p || | | | sac expresi?

_ . - l5 min
wo [ 0 0 s
amin

Miyashita et al., 2009, J Neurosci




JEDNORAZOVA ZKUSENOST SPOUSTI
EXPRESI ARC V HIPOKAMPU

CA3, 4L-4D Populace aktivnich
(Arc+) neuronu v CA3
byly viceméné
kompletni po
jediném kole,
zatimco v CAl
populace v dalSich
kolech dale mirné
narustaly.

B .10 B 140 *1L1D O 1L4D . v s
Bl 0 [ aap ®4LAD T 4L4D Arc je soucasti
% CA1 o

; o [T Bl molekularni kaskady
= PR od neuronalni aktivity

o 35 . s
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Miyashita et al., 2009, J
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EXPRESE IEGS MUZE BYT ODPRAZENA OD
NEURONALNI AKTIVITY

CA3, TETRA-TRACK

SNCA3 'VEH-TRACK

b |

B TETRA

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

aktivita place cells v CA1
zUstdva zachovana.

(Mizumori et al., 1989, J Neurosci)

Inaktivace MS eliminuje
behavioralné
indukovanou expresi Arc
v hipokampu.

Miyashita et al., 2009, J Neurosci
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INTERVENCNI TECHNIKY

* Permanetni léze
e Aspiracni
e Chirurgické
* Termokoagulacni
* Excitotoxické
 Selektivni neurotoxiny

e DocCasné inaktivace — funkcni léze

* Implantované kanyly pro intrakranialni injeckce

* TTX a ostatni blokatory iontovych kanal{

* AMPA antagonista CNQX

* Agonisté inhibi¢ni neurotransmise — muscimol

» Lokalni aplikcace agonistl a antagonist( specifickych receptor(

* Genetické manipulace

* knock-out, knock-down, knock-in




TRANSGENNI TECHNOLOGIE

* Umoznuiji ,vypnuti“ urcitého genu nebo naopak
vheseni genu ciziho.

* knock-out / knock-down

e knock-in

* Dusledkem muze byt inaktivace specifické bunecné
struktury nebo specifické populace

* Germline KO

* Selective KO
* Cre recombinase + floxed sequences
* cell type-specific promoters

* Inducible KO
* Tet-O system
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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

SvetlocCivny chimericky
GPCR

Kombinace riznych
vinovych délek

Virové vektory

Kombinace s dalSimi
transgeny (Cre
rekombinaza,
tetracycline
transactivator (tTa)

Zhang et al., 2010, Nature
Prot
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OPSINY

Yizhar et al., 2011, Neuron
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TARGETING K&
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CREATING FALSE MEMORIES

i Neuronal population
“ encoding Contex A is
il tagged by ChR2.
e The animals receive shock
in context B while the
tagged population is
optostimulated via ChR2.
This connects the shock
e with representation of
- context A.
\ " Animals will freeze when
reintroduced to context A
despite never being

shocked there

Spike
robability

Sweep # =]




CREATING FALSE MEMORIES

False memories worked in the DG, but not in the CA1.
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Ramirez et al., 2013,
Science




CHEMOGENETIKA - GPCR

G-protein-coupled receptors

-

=/ \\NSS | | /PPN L~
Drug Discovery Today

Lee et al., 2013, Drug Discov
Today




CHEMOGENETIKA - DREADDS

Clozapine-N-oxide (CNO)  Ach Designer Receptors Exclusively

X Activated by Designer Drugs

Human M3 Human M4

muscarin sl CNO (Clozapine-N-Oxide)

receptor (hM3) receptor (hvi4)

J ¢ G protein-biased

Nonbiased

X mutation disrupting arrestin recruitment
X mutation disrupting G protein coupling

| -arrestin-blased

dreadds dreadds

G G

q/11 ifo

(Neuronal excitation) (Neuronal silencing)
(a0 (0

Clozapine-N-oxide (CNO) ACh % /o) & GTP

==
Rat M3 B1-Adrenergic
muscarinic receptor (turkey)
receptor (rM3)
q

rM3Ds rMSDs/

G + (@5 Multi end point reading
q
e.g. cAMP, Ca2+, Arrestin recruitment,

TRENDS in Pharmacological Sciences

Wess et al., 2013, Trends Pharm

Drug Discovery Today




HM3DQ - HM4DI

hM3Dqg Rm1,2 Rs1
5-HT,,D155E TREC rM3/B1Ds
H1{F435A Neoceptor

10

IP, + DAG
j \\
R

PKC
)

Dong et al., 2010, Mol
Biosvyst




AKTIVACE HM3DQ

X Increase in MUA
NS D
*

Frequency (Hz)

cfos-control cfos-hM;Dq

Time (min)

Garner et al., 2012,
Science




SYNTHETIC MEMORY TRACE

Garner et al., 2012,

Retrieval

Test
-CNO

CtxA CtxB +CNO

Labeling Tramlng (ctxA)
-
-CNO
+CNO +CNO
(ctxA) (ctxA)

24-hour Retrieval CtxA 24-hour Retrieval CtxB
50

40
30

20
10 A control

® h\;D,

A control
® hM;D,

+ CNO

Activating representation of a neutral Ctx A during conditioning in Ctx B interferes
with freezing during test in Ctx B unless representation of Ctx A is stimulated




SYNTHETIC MEMORY TRACE

Garner et al., 2012,
A A

LC;xf\n TCFXB Re;zst\’al CtxA CtxB CtxC Retrieval
adeling aining Labeling Training Relabel Test

—-EF-E | E T g

-CNO + CNO
(CtxA)

B (o
24-hour Retrieval CtxB
80
70
60
50
40
30

20 A control §______’,_§ A control
10 1
0

® hM3Dq 7 ® hM;D,

2-week Retrieval CtxB

]

+ CNO

Activating a representation of a neutral Ctx A during test
blocks freezing in conditioning Ctx B.
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IEG Imaging
Intervencni techniky
Optogenetika, chemogenetika

Clarity - zpruhlednovani
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CLARITY ~ ,ODMASTOVNA“

Step 1: hydrogel monomer infusion (days 1-3)

* Hlavni prekazkou sireni
svetla tkani jsou lipidy.

Jejich odstranéni po
predchozi fixaci
hydrofilnich biomolekul v
hydrogelové mrizce
Zprostupnuje téz
tkan/vzorek pro
makromolekuly (protilatky
apod.).

Cheng et al., 2013,
Nature




CLARITY

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

Cheng et al., 2013,
Nature




CLARITY

Clarity umoznuje
opakované barveni

' 0 ocerrg a0 preparat

Cheng et al., 2013,
Nature




CLARITY

e Kontinuita struktury —
trasovani projekci v
intaktni tkani

Zvysené mnozstvi
dendritickych mustku
v autismu.

Dendritic bridges per neuron ﬂ

Cheng et al., 2013,
Nature
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