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Elektrofyziologické metody studia
chovani a pameéti

+

EEG a Potencial blizkého pole
- LFP a EEG u zvirat
- EEG u lidi,
- spankové EEG (pristi prednaska)

Nahravani jednotkové aktivity
- tetrody
- silikonoveé proby
- vapnikové zobrazovani aktivity
- terCikovy zamek

Metody vyhodnocovani
- LFP/EEG - Fourierova transformace
- jednotky - autokorelace, vzajemné korelace,
korelacni matice,




Elektroencefalogram a potencialy
blizkého pole

‘ Zaznamenava se soucet vétSinou synchronizované
o 7 o o 7 Y V4 o
synapticke aktivity velkeho mnozstvi neuronu.

EEG - elektroencefalogram

LFP - local field potentials — potencialy blizkého pole

Théta rytmus

Gamma rytmus
Sharp waves - ripples
Pomalé oscilace

Spankova vretena




Elektroencefalogram a potencialy
blizkého pole
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Hans Berger
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Prvni nahravani EEG u lidi
(1924)

Objevil alfa viny




Elektroencefalogram

Electroencephalogram (EEG)
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Elektroencefalogram u hlodavcu
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Theta rytmus

Wake (running) 4-12 Hz

CA1 sr \\W\MM\MM‘\/\ doprovazi aktivni
pohyb

DG gl vyskytuje se béhem
REM spanku

REM Organizuje aktivitu
hipokampalnich

CA1 sr MWW E neurond

50 ms Hraje roli v utvareni
DG gl pameti (LTP)




Theta rytmus — béhem aktivniho pohybu
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Buzsaki, 1989




Sharp waves and ripples
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Ostreé viny (Sharp waves and ripples)
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Pomalé spankoveé viny

surface cortical EEG
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deep cortical EEG

/N\ Vel /’*’\Vf\/“\w’\ e

cortlcal pyram|dal cell

Contreras and Steriade, 1995



Spankova vretena

EEG
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spindles filtered (7-14Hz)

Amzica and Steriade, 2000




Vznik spankovych vreten

reticular thalamic _
neuron cortical
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Amzica and Steriade, 2000




Nahravani jednotkoveé aktivity
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Zaznamenavani aktivity jednotlivych neurond
- tetrody
- silikonové préby
- vapnikové zobrazovani aktivity

- tercCikovy zamek




Tetrodové nahravani

recorded action potentials
cell1 cell 2
four electrodes o, .
of a tetrode .
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Tetrodové nahravani

recorded action potentials

cell1 cell 2

four electrodes
of a tetrode
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- neurons




recorded action potentials
cell1 cell2
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Silikonové proby

Connector
for data cable

Headstage

Detachable
connector

Flex cable

4 6 8 50 250 Jun et al.,

r.m.s. noise (1V) Site impedance 20 1 7




Silikonové proby
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1 ms
Spike-sorted single unit data from freely behaving rat medial prefrontal cortex - recorded 60 days
post-implant and after 30 days in the same location. Each colour-coded column shows spikes from a

discrete single unit. [Data courtesy Tahl Holtzman, Nick Donnelly, Jeff Dalley — University of
Cambridge, UK.]

https://www.cambridgeneurotech.com/in-vivo-data




Vapnikové zobrazovani aktivity
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Vapnikové zobrazovani aktivity
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Vapnikoveé zobrazovani aktivity u
volné se pohybujicich zvirat

Experimental design

5 min/session
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Microsco pe\
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Ying et al., 2017




Vapnikoveé zobrazovani aktivity u
volné se pohybujicich zvirat

+

https://www.inscopix.com/research-
areas/neural-coding




Vapnikoveé zobrazovani aktivity u
volné se pohybujicich zvirat

Time course response
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Ying et al., 2017




Tercikovy zamek (patch clamp)

Cell-attached recording
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https://www.leica-microsystems.com/science-lab/the-patch-clamp-technique/
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Tercikovy zamek (patch clamp)

Amplifier
Solution Inflow

Headstage

\ ' Bath electrode

_

Inverted Microscope Solution Outflow

Wikipedia



Tercikovy zamek (patch clamp)

In

Patch-clamp amplifier

Outside

Single-channel current
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Tercikovy zamek (patch clamp)

Free-moving ball

270° projection
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Metody analyzy neuronalniho signalu

+

Potencial blizkého pole (local field potential), EEG

Fourierova transformace
current source density analysis

Neuronalni aktivita autokorelace
vzajemna korelace (cross-correlation)

analyza hlavnich komponent

Smyslove a behavioralni korelaty neuronalni aktivity

stimulus-response function (funkce
podnétu a odpovédi)
dekodovani pozice




Fourierova transformace

Beta (§)  13-30 Hz

Parietally and
frontally

Alpha(e) 813 Hz

Oceipitally

Theta (@)  4-8 Hz

Children,
sleeping adults

Delta(s) 054 Hz

Infants,
sleeping adults

Spikes 3 Hz

Epilepsy - 200
petit mal W ]

100

Time [g] fli




Fourierova transformace

Power spectrum

Frequency

1Hz |/

0 5 10 15 20 25 30
frequency (Hz)




1.
2
—_
Q
=1.
5
i
%
=
»

0.

Fourierova transformace

nonREM spanek REM spanek
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Oyanedel et al., 2015



Fourierova transformace

awake nonREM | REM
1200 uv

1 sec
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Fourierova transformace
vyjadruje rozlozeni a zastoupeni
ruznych frekvenci v
analyzovaném signalu. To
time (sec) umozfiuje identifikovat rizné
stavy v EEG aktivite, které

mohou odpovidat napriklad
HJ riznym spankovym fazim.
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Sharp waves and ripples
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Current source density

Voltage Current CSD
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Sharp waves
current source density analysis

oriens
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Ylinen et al., 1995




Ripples
current source density analysis
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Casova sekvence aké&nich potencialu
neuronu
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Histogram intervalu mezi akénimi potencidly
(inter-spike-interval histogram)

2
Q
2]
M
O
-
O
—
®
o
=
-

muil..lMMB danllel oo 0
100 200
time (ms)




Autokorelace

Metoda k urceni
pravdépodobnosti, ze po
ak¢nim potencialu bude
neuron znovu aktivni v
riznych &asovych intervalech.
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Klausberger et al., 2003
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Histogram intervalu mezi ak&nimi
potencialy a autokorelace
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Pyramidalni bunka (complex spike cell) charakteristicky vysila kratke
davky akénich potencidll s intervaly <10 ms.
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Vztah mezi aktivitou dvou neuronu
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Pearson correlation Kendall correlation
(parametricky) (neparametricky)
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Vzajemna korelace (cross-correlation)

cell a [l
cel b 11




Cell 1

Cell 2
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Priklady vzajemné
korelace aktivity mezi
pary hipokampalnich
neuronu mista. Nékteré
pary neuronu se
aktivuji soucCasng, jiné
pary nepali spolu, ale
spiS s rozestupem ~50
mSs.




Analyza aktivity neuronovych ansdmblu
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Korelace vektoru aktivity neuronalniho ansémblu,
korelacni matice

room A (1) room A (2)
room A1) room A (2)
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Stimulus-response function (funkce
podnétu a odpovedi)
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Urcovani polohy zvirete na zakladé aktivity
hipokampalnich neuronu mista.

1. Pro kazdé misto v prostoru existuje
charakteristicky vektor aktivity ansamblu
neuronlU mista (referenéni vektor pro dané
misto).

. Polohu potkana v prostredi v dany moment lIze
odhadnout na zaklade porovnani aktualni
aktivace bunék v ansamblu s referencnimi
vektory aktivity. Referencni vektor, ktery nejlépe
odpovida momentalni aktivité, oznacuje misto s
nejvetsi pravdépodobnosti vyskytu potkana.

Jezek et al., 2011

1 theta cycle




Urcovani polohy zvirete na zakladé aktivity
hipokampalnich neuronu mista.
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Kelemen & Fenton, 2013






