SIRENI SIGNALU A SYNAPSE




Siteni signald a synapse

Synapse, mista preruseni elektrického vedeni.

AP a mistni potencialy.

Zpomaleni, prevod na chemickou rec.

Neurony tedy nekomunikuji pouze AP, ale i chemicky.
Obecna citlivost neurond i na chemickou modulaci.
Existuje i mimosynapticky prenos - informacni polévka.
Prostor pro zpracovani informaci.
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Od mista vzniku k dalsimu
neuronu.

Sifeni podél membrany.
Kromé pricného i podélny _ ——-
. o ahovy
ptencial
tok iontu. potencia

o v 5 —_—— —

Zalezi na pruméeru.

i . Vzdalenost
Klidowy
potencial

Obr: 4.6. Sifeni akéniho potencialu (AP). Jestlize je jedno misto
excitabilni membrany depolarizovano, podélné iontove toky (Sipky)
wywolajl rozdifeni depolarizace | do bezprostfedniho okoli. Nove
AP mohou vznikat vEude, kde byl pFfekroten prahovy potencial.
D& se opakuje a vlna vznikajicich depolarizaci se &if podél
membrany.

Propagace, voltage clamp



» Myelination of PNS and CNS Axons

nemyelinizovany
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myelinizovany (© )

Myelination in the Peripheral Myelination in the Central
Nervous System Nervous System
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ifeni podel membrany. Zabi myelinizovany neuron ma pfi 20°C a

12um rychlost vedeni 25m/s.
. e Nemyelinizovany neuron sépie musi mit
Zalezi i na myelinizaci. pro stejnou rychlost primér 500um! Je to

40x menSi prumér a 1600x plocha.


Videa/Axon Charges Slowly.avi
Videa/Axon Charges Quickly w Myelination.avi

Kationty

br. 4.7. Sekvence dé|ju pri predani akéniho potencialu (AP) pro-
stfednictvim mediatoru na chemické synapsi. a) pfichazejici AP
depolarizuje synapticky knoflik, b) otevimaji se vapnikové kanaly
a Ca?* proudi do nitra knofliku, c) to vyvola exocytézu granul s me-
diatorem, d) mediator se vaZe na receptory postsynaptické mem-
brany, e) nasleduje otevieni kanala pro kationty a jejich viok zpG-
sobi mistni depolarizaci, f) na napétové citlivem okoli synapse
mohou vzniknout noveé AP.
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Synapse v kontextu bunéénych spojd
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Receptor je soucasti kanalu — ionotropni signalizace
nebo spojen s kanalem kaskadou signall — metabotropni signalizace
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Ach receptor je ionotropni. Je to pentamer, podobny receptoru pro
serotonin, GABA, glycin.
AvsSak Glut. receptor je tetramer, podobny K kanalu.
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Figure 11-38 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Na® (Ca**)

P synapsin

\"? CaM-
-kinaza Il

N4
\ priprava
vezikul

pripojeni

.
- (W
(o

/ -

nebo ¥ /" -

signalni retézec J g+

7 CatP(Na')

A 4
navazani
transmiteru
na receptory

Vv
EPSP, EPSP, EPSP,

by

sumace

!

postsynapticky
akéni potencial

= ﬂ
=
sl
(viz 1ab. B)

51




(a) Overview of vesicle recycling

Coatomer clathrin nutny pro udrzeni
tvaru vesikulu
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Finalni syntéza v knofliku nebo v téle neuronu - axonalni transport
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Mistni recyklace vesikul je rychlejsi nez transport z Golgiho a.
Spoluprace endosomu a vesikulu.
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Figure 13-73 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Synapticky vesikul:
Import transmitteru
na prenaseci
hnaném H+
gradientem.

Figure 13-74 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Ca se vaze na
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Ten vyvola interakci
syntaxinu +

SNAP 25 se
synaptobrevinem =
exocytoza.

Ca2+ dale aktivuje

proteinkinazu II zavislou
na kalcium-kalmodulinu,
ktera aktivuje v
presynaptickém
zakonceni enzym
synapsin, diky kterému
se vezikuly znovu
hromadi v aktivni zoné.

Synaptic vesicle

. .
4 ¥R es aannt
8 | I ! |

. \

oy
VOO O

Vesicle membrane

OO0

Insade
™ SRR EE M O ) Tarea> - -a

Plasma membrane - AYEY

SOABENARBENAEENES NS
Quisade

Sy m,;‘-.u. 3-'.\?.\|)_)5 “Ca?t channel
NEUROBIOLOGY Ca*
Gary G. Matthews

Blacennt
Scwenie



E. Ukonceni plasobeni transmiteru
prijem zpeét
mimo synapsi

piijem zpét \ |

inhibice

exocytozy

presynaptické
zakonéeni

9;(’ 9C1

autoreceptor

postsynaptickd
bunka

enzymatické odboura-
vani transmiteru

rychla inaktivace
kKationtového kanalu
(desenzitizace)

napf. gliovad
bunka

unik difuzi

internalizace
receptoru




Figure 19-22a Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 19-22b Molecular Biology of the Cell 5/e (© Garland Science 2008)




Bunécny spoj s mnoha kotvami napojenymi
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Figure 19-22c Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Postsynapticka strana - detail
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Figure 19-21 Molecular Biclogy of the Cell 5/e (© Garland Science 2008)
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Figure 1| Molecular nanoswitches. Schematics
illustrating how ion channels open and close, with
associated single-channel recordings. Opening and
closing of the channel are random events, but the
frequency with which they occur is influenced by,
for example, ligand-binding (a) or transmembrane
voltage (b). The transition rate between open and
closed states is <10 ps. The flux rate through the
pore when it is open is of the order of 107 ions per
second; that mediated by the coupled exchangers is
substantially smaller (see p. 484). Following opening,
some voltage-gated channels enter an inactivated
(non-conducting) state in which they are refractory
to subsequent depolarization (b).

Patch-clamp zaznam ionotropniho receptoru.




Nemusi byt jen excitacni, jsou i inhibi¢ni transmitery.
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B. Prostorova sumace podrazdéni
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Table 4-2 § Comparison of Graded Potentials and Action Potentials

Graded Potentials

Action Potentials

Graded potential change; magnitude varies with magnitude of
triggering event

Decremental conduction; magnitude diminishes with distance from
initial site

Passive spread to neighboring inactive areas of membrane

No refractory period

Can be summed

Can be a depolarization or hyperpolarization

Triggered by a stimulus, by combination of neurotransmitter with
receptor, or by spontaneous shifts in leak-pump cycle

Occurs in specialized regions of membrane designed to respond to the
triggering event

All-or-none membrane response; magnitude of triggering event code
in frequency rather than amplitude of action potentials

Propagated throughout membrane in undiminishing fashion

Self-regenerating in neighboring inactive areas of membrane
Refractory period

Summation impossible

Always depolarization and reversal of charges

Triggered by depolarization to threshold, usually through the spreas
of a graded potential

Occurs in regions of membrane with an abundance of voltage-gatec
Na™ channels
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Na inicialnim segmentu se velikost depolarizace prekdédovava na frekvenci
AP. Aby tuto specialni fukci axonovy hrbolek plnil, musi tu byt kromé Na
pro K+ (zpozdéné, rychle inaktivujici a Ca-aktivované); a 1 typ selektivni
pro Ca.

Zpozdéné K+ vraci membranu ke K+ klidovému napéti - repolarizuji po
depolarizaci.

Aby se ale vyssi depolarizace prevedla na vyssi f AP, musi tu byt rychle
inaktivujici K+ kanaly. Ty se také oteviraji pri depolarizaci a inaktivuji se, ale
Umérné k ni, takze zUstavaji dlouho oteviené a snizuji frekvenci AP u
depolarizace tésné nad prahem, ale u

— pfi reakci axonu na
trvalou depolarizaci. Jak je membrana dlouhodobé depolarizovana, roste
polet Ca iontd vniklych pres napétové sensitivni Ca kanaly. To vede
k otevieni K kanall a tak se membrana hyperpolarizuje. Frekvence AP pfi
trvalé neprerusované stimulaci klesa. Reaguje tedy lépe na zménu nez na
trvaly podnét.
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Figure 11-40b Molecular Biclogy of the Cell S/e (O Garland Science 2008)
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Figure 11-40a Molecular Biology of the Cell 5/e (© Garland Science 2008)




Vzdalenéjsi vstupy ale nemusi byt diskriminovany!

Synaptické stupnovani a ,volani nazpéet"

1. Schéma pokusu Mageeho

a Cooka. Excitaéni potencialy
vyvolané ostiikovanim dendritu
vysokoosmotickym cukernym

roztokem se béhem své cesty

k télu neuronu zmensuji. Na téle
neuronu uz je jejich velikost
stejna, ac¢ se pri svém vzniku

excitacni potencialy snimané mikroelektrodami
v raznych vzdalenostech od téla neuronu
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The Nobel Prize
in Physiology or
Medicine 2000

Eric Kandel sumarizoval vysledky své prace na receptorech:

* Zpusob Ucinku synapse neni determinovan transmiterem, ale
vlastnostmi receptoru na postsynaptické bunce.

 Receptory na postsynaptickych (pfijimacich) bunkach jediného
presynaptického neuronu mohou byt farmakologicky odlisné a
mohou fidit rizné iontové kanaly

» Jedina prijimaci bunka muze mit vice nez jediny druh receptoru
pro dany transmiter, pricemz kazdy receptor muze fidit jiny
mechanismus iontové propustnosti.
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ruzné drahy a
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Mozek Ize pokladat za zlazu s vnitrni sekreci, ktera si své hormony produkuje
sama. Pro rychlé procesy zajistujici jednotlivé funkce uziva synapticky
prenos, kdezto pro celkové nastaveni urovne aktivity mimosynapticky.
Mimosynapticky pfenos. je podobny.zpiisabu, jimz se k svym cilim dostavaji
hormony. Rozdil je jen v tom, ze hormony se dopravuji cévami v krevnim
proudu, kdezto neurotransmitery pluji mozkem v mozkomisnim moku.



Klasické transmitery
a
Neuroaktivni peptidy — neuromodulatory, kotransmitery

Table 4-4 § Comparison of Classical Neurotransmitters and Neuropeptldes

Characteristic Classical Neurotransmitters Neuropeptides

Size Small; one amino acid or similar chemical Large: 2 to 40 amino acids in length

Site of synthesis Cytosol of synaptic knob Endoplasmic reticulum and Golgi complex in cell bodys
travel to synaptic knob by axonal transport

Site of storage In small synaptic vesicles in axon terminal In large dense-core vesicles in axon terminal
Site of release Axon terminal Axon terminal; may be cosecreted with neurotransmitter s

Speed and duration of action Rapid, brief response Slow, prolonged response

Site of action Subsynaptic membrane of postsynaptic cell Nonsynaptic sites on either presynaptic or postsynaptic
cells at much lower concentrations than classical
neurotransmitters

Usually alter potential of postsynaptic cell by Usually enhance or suppress synaptic effectiveness by
opening specific ion channels long-term changes in neurotransmitter synthesis or
postsynaptic receptor sites
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Dlsledek obecné chemické sensitivity neuront: Udinky
psychoaktivnich latek napr. na psychiku

U&inky neurotransmiter prostiednictvim synaptickeho pfenosu
' dostupnost (aktivita :

neurotransmiter . o
; neurctransmitery) s
serotonin <« | deprese iantidepreswum
acetylcholin + | Alzhelmerova nemoc: inhibitory acetylcholinesterazy,
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Synapse jsou nejen chemicke, ale i elektrické
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(a) An electrical synapse
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Electrical synapses and their functional interactions with chemical
synapses
Alberto E. Pereda

It was thought that electrical synapses were more abundant in
invertebrates and cold-blooded vertebrates than in mammals.
However, a wealth of data now indicate that electrical synapses are
widely distributed in the mammalian brain

In addition to the retina, inferior olive and olfactory bulb, structures
in which electrical transmission has been known to occur for some
time, electrical synapses have been found in disparate regions of the
mammalian CNS.

Synaptic transmission is both chemical and electrical, and
interactions between these two forms of interneuronal
communication might be required for normal brain development and
function.

NATURE REVIEWS | NEUROSCIENCE VOLUME 15 | APRIL 2014 | 251



Based on this bidirectional and analogical (that is, they do not require
an action potential) nature, electrical synapses are particularly

within a group of coupled neurons, a phenomenon that
increases neuronal excitability and promotes synchronous firing.

Electrical synapses are also highly effective at
, as it
occurs in the retina and the primary afferents of escape networks.




a Chemical synapse b Electrical synapse

Action
potential |
(k ‘
: |
- | | a..

. .'Ffj?é\\\ .I:‘c\ ,‘::,\I' ‘- '\
Presynaptic, ) B ;‘v’é:‘.g I Ny / Action o
terminal l’ foo®) S ‘r B _ potential N

7~ 'y °°$ Synaptic N o
¢ ":.’ 8/ . L Y y
V4 —— vesicle \ /
fv |'~"!3’/€:"‘s 3\\"‘. —, 1 { Gap junction
Foew,
W0 ey 7 X S
|).' 287 k’:,‘.o,(»—Neu rotransmitter | ).'. channel
Y SIS ] %/ J %
— 0% @0 _ e
lanotmpic o'y ¥ Metabotropic f‘“_‘"-——-_-_..

receptor -

3 -1 receptor {
O e 1) BN
| 7 |

%‘»\ Membrane Gene / —~— -
\\x potential expression = é\ Coupling 4‘i//(é
P . TR’\\ Biochemical ’/f %ﬁ, Alpotentlal {
astsynapi ) cascades { t| |’

terminal | |

Figure 1 | The two main modalities of synaptic transmission. a | Chemical transmission requires sophisticated
presynaptic molecular machinery that regulates neurotransmitter release in a probabilistic manner upon
depolarization of the presynaptic terminal — in this case, by the arrival of an action potential — which leads to the
activation of voltage-gated calcium channels (VGCCs). Similarly complex postsynaptic molecular machinery is also
required. This includes the presence of ionotropic and metabotropic receptors that are capable of detecting and
translating the presynaptic message (neurotransmitters) into various postsynaptic events, ranging from changes in
resting membrane potential to gene expression, thus amplifying the presynaptic signal. b | Electrical transmission is
mediated by clusters of intercellular channels called gap junctions that connect the interior of two adjacent cells, and
thereby directly enable the bidirectional passage of electrical currents carried by ions (arrows) as well as intracellular
messengers and small metabolites (not illustrated here). Electrical synapses are bidirectional in nature: when a
presynaptic action potential propagates to the postsynaptic cell, the membrane resting potential of the postsynaptic
cell simultaneously propagates to the presynaptic cell.




Oba typy synapsi mohou byt regulovany internalizaci kanald.

a Chemical synapse b Electrical synapse

Semi-dense v@
cytoplasmic
matrix
/0 Gap junction
channel

il
lm'

Hemichannel
insertion

" Requlated
< | trafficking

Figure 2 | Trafficking of channels at chemical and electrical synapses. a|lonotropic glutamate receptors are trafficked
in and out of synapses. Postsynaptic densities (PSDs) provide a scaffold that helps to requlate this trafficking. PSD95 and
calcium/calmodulin-dependent protein kinase |l (CaMKIl) are both abundant components of PSDs. Regulated trafficking
of AMPA receptors is thought to underlie the modification of synaptic strength at glutamatergic synapses. b| There is
turnover of gap junction channels at electrical synapses. New connexons are trafficked as unpaired hemichannels to the
membrane in vesicles, where they are inserted at the periphery of the gap junction plaque and dock with hemichannels in
the apposing membrane. They are internalized as small clusters of entire channels (light grey) into either of the coupled
cells from regions near the centre of the plaque. Various proteins make up the ‘semi-dense cytoplasmic matrix’, which acts
as a scaffold for these channels. Zonula occludens protein 1 (ZO1) is a structural component of this scaffold. By contrast,
CaMKIl (not shown) seems to be a non-obligatory component of the macromolecular complex, with functions that might
be similar to those at PSDs of chemical synapses.



Oba typy citlivé na neuromodulaci a mohou se ovlivhovat i vzajemne.

Chemical synapse

Electrical synapse
| ‘
| ‘ lGlutamate
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Figure 4 | Types of interactions between electrical and chemical synapses in the adult nervous system.
a | Neurotransmitter modulators released by nearby synaptic terminals (purple) regulate the synaptic strength of chemical
and electrical synapses through activation of G protein-coupled metabotropic receptors. Regulation at chemical synapses
could occur pre- or postsynaptically. b | Electrical and chemical synapses coexist at mixed synapses. Glutamatergic
synapses regulate the strength of electrical synapses by a postsynaptic mechanism that includes the activation of NMDA
receptors (NMDARs) and calcium/calmodulin-dependent protein kinase Il (CaMKII). ¢ | Regulation of electrical synapses
by glutamatergic transmission could also be heterosynaptic. Nearby glutamatergic synapses can regulate electrical
transmission through NMDAR or metabotropic glutamate receptor (mGluR) activation. d | Another mechanism of
interaction at goldfish mixed synapses results when synaptic activity leads to mGIuR activation, which in turn triggers
endocannabinoid (eCB) release from the postsynaptic cell, and activates cannabinoid type 1 receptors (CB1Rs) on nearby
dopaminergic fibres. CB1R activation leads to dopamine release that. by activating postsynaptic dopamine D1 receptors



Pameét

some learning history

Descartes (1596-1650): "When the mind wills to recall something, this volition causes
the little gland (the pineal), by inclining successively to different sides, to impel the
animal spirits towards different parts of the brain, until they come upon that part where
the traces are left of the thing it wishes to remember."

Ramon y Cajal (1894) "... mental exercise facilitates a greater development of the
protoplasmic apparatus and of the nervous collaterals in the part of the brain in use. In
this way, pre-existing connections between groups of cells could be reinforced by
multiplication of the terminal branches of protoplasmic appendices and nervous
collaterals.”

D.O. Hebb (1949) "coincident activity” initiates the growth of new synaptic
connections as part of long-term memory storage. “reverbatory circuit” for short-term
memory.

Lashley (1963) Lesioning rat brains, trained to negotiate a maze. No evidence of
localization of memory, memory deficits were related to the extent of the lesions.
Lead to his theory of mass action

Podle: http://web.neurobio.arizona.edu/gronenberg/nrsc581/index.html



Pameét

1dea: molecules contain memory (transfer of molecule transfers
memory)

Holger Hyden: new specific RNA is created for each memory. Hyden's
hypothesis implied that the patterns of stimulation activated by learning could
introduce changes in RNA.

(current interpretation: long term learning requires protein synthesis)

G Unger: memory specific peptide scotophobin. Could inject/transfer fear of the
dark from rat to mouse. (Turned out to inhibit melatonin synthesis in pineal gland,
and somchow that creates scotophobic behavior)

McConnell (1966). Classical conditioning of flatworms. Feed trained worms to
untrained ones. Untrained ones show conditioned response (or learned faster).
Same for T-maze experiments. But: random shocks had same effect than
conditioning.



OPAKOVANI| MATKOU MOUDROSTI A
SYNAPTICKA PLASTICITA

» Krome rychlého synaptického prenosu existuje i pomaly.
Bombardovani synapsi vzruchy po druhych poslech a rychlem,
kanaly rizeném prenosu, vzbudi posléze i treti posly, Casné geny a
expresi dalSich genu, které syntetizuji latky potfebné k doruceni
signalu pres synapsi. Rychly prenos trva nekolik milisekund,
zatimco pomaly od sekund po hodiny.

» Pomalym prenosem pozmeneny metabolismus a stavba synapsi
maji dopad na mnozstvi zakladnich funkci NS napfr. poplachové

reakce na stres, UcCinky drog a farmak, zmeny pfi ukladani
pametove stopy.

 Zda je podkladem uceni a paméti, zustava predmétem debat




Urovné synaptické plasticity neuronové sité

(a) Plasticity in a neural chain
I U - Y

(b) Plasticity in a superordinate circuit

SN

Superordinate circuil Q

._< Qutput

(¢) Plasticity in a cell assembly

18.1 Sites of Synaptic Plasticity in Neural Networks
Changes at sites of synaptic plasticity—such as the sites shown
here (highlighted in orange) in a neural chain (a), a superordinate
circuit (b), and a cell assembly (c)}—may underlie memory Storage.
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Before training

(a) Changes involving synaptic transmitters

Axon
terminal

: ~ Dendritic
spine

| LW

PSP

After training

Postsynaptic
receptive area

(b) Changes involving interneuron modulat

¥

PSP

f?

Increased
PSP

|

More transmitter
is released from
the axon terminal.

Postsynaptic mem-
brane becomes larger
and /or more sensitive

ion

to transmitter.

o’

udl

Increased
PSP

(c) Formation of new synapses
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The end result is
increased PSP,

Synapse enlarges
both pre- and
postsynaptically:

18.2 Synaptic Changes That May
Store Memories After training, each
action petential in the relevant neural circuit
causes increased release of transmitter mol-
ecules (red dots), The postsynaptic potential
(PSP) therefore increases in size (as indicated
by the graphs). (a) An increase in size of the
postsynaptic receptor membrane causes a
larger response to the same amount of
transmitter release. (b) An interneuron mod-
ulates the polarization of the axon terminal
and causes the release of more transmitter
molecules per nerve Impulse. {c) A neural
circuit that is used more often increases the
number of synaptic contacts. (d) A more
frequently used neural pathway takes over
synaptic sites formerly occupied by a less
active competitor.
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Mozna mista modifikaci na presynaptické strané

a Active zones (release sites) per synapse d Spacing of Ca2*+ channels and vesicles

oK 0 &
&_%Aofj:)l\ctive zones M

b Ca?* channels participating in release (number and type) @ Vesicles in readily releasable pool (docked and/or primed)

00 (o) Qe
QG a
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Ca?* channels ;

C Size of vesicles (quantal size)
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Pe; Vesicles [+
I\ OZO ; f; é)AOO / 002, o 0°
© g% ©0%
; ; \ ; Low-affinity Ca?* -receptor complex High-affinity Ca®*-receptor complex

Figure 3 | Presynaptic determinants of synaptic strength. Several hypothetical mechanisms are ilustrated. a | Individual
synapses have different numbers of release sites (active zones). An extreme example is the calyx of Held in the mammalian
auditory pathway. b | Voltage-dependent Ca** channels at individual active zones differ in number and/or type, allowing more Ca**
to enter at some active zones after a nerve impulse, eliciting the fusion of more synaptic vesicles. ¢ | Synaptic vesicles differ in size,
generating correspondingly different quantal units that depend on their transmitter content. d | The effectiveness of individual Ca*
channels to cause vesicle fusion depends on channel-vesicle spacing. Intracellular buffers have a more significant influence on
transmission when channels and vesicles are more separated. e | Synaptic vesicles that are available for release (close to or
docked at the synaptic membrane, and appropriately primed) are more numerous at some synapses. f | Qualitative and
quantitative differences in presynaptic proteins impart different properties to the Ca" receptors, affecting the probability of
vesicular fusion after Ca®* entry.
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Synapticka plasticita

Donald Hebb, 1949

LTP — dlouhodoba potenciace, 1983, 100Hz
LTD — dlouhodoba deprese, 3 Hz

() Induction of LTP
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NMDA ionotropni receptor potrebuje k aktivaci jak a) ligand, tak i b) silnou

depolarizaci. S narusenymi NMDA receptory se ztratila schopnost
prostorového uceni.




Synapticka plasticita
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The Nobel Prize
=in Physiology or
Medicine 2000

"for their discoveries concerning signal transduction in the nervous
system”

E E

Arvid Carlsson Paul Greengard Eric R. Kandel

1/3 of the prize 1/3 of the prize 1/3 of the prize

]

Sweden USA USA
Goteborg University Rockefeller University Columbia University
Gothenburg, Sweden New York, NY, USA New York, NY, USA
b. 1923 b. 1925 b. 1929

(in Vienna, Austria)




Molecular Biology of Memory Storage:

The Persistence of Memory




The Study of Memory Has Two Parts:

(1)

The Systems Problem of Memory:

Where in the brain is memory stored?

The Molecular Problem of Memory:

How 1s memory stored at each site?




There are Two Major Forms of Long-Term Memory

Explicit (Declarative)

Facts People,
and Objects and
Events Places

Medial Temporal Lobe
Hippocampus

Requires Conscious Attention

Implicit (Procedural)

Skills and Nonassociative
Habits and Associative
Learning

Amygdala, Cerebellum,
Reflex Pathways

Does Not Require Conscious Attention




Implicit and Explicit Memory Share 3 Features in Common

i

There are Stages to Short-Term Memory
Memory Storage (minutes)

Repetition Converts Short-
to Long-Term Memory

Long-Term Memory
Requires New -y
Protein Synthesis -

Long-Term Memory
(days, weeks)




There are Two Major Forms of Long-Term Memory

Explicit (Declarative)

Place:
Spatial Memory

Medial Temporal Lobe
Hippocampus

Requires Conscious Attention

Implicit (Procedural)

Nonassociative Learning:
Learned Fear (Sensitization)

Reflex Pathways

Does Not Require Conscious Attention




The Human Brain
is complex:
10" Neurons

/

Cerebrum
s

The Aplysia Brain
is simple:
2 X 10* Neurons

Major Ganglia
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The Gill Withdrawal Reflex has a Simple Stereotypical Neural Circuit.
Repetition of Sensitization Training Leads to Altered Gene Expression
and the Growth of New Synaptic Connections.

Siphon@‘r\
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Sensory
Neuron




The Gill Withdrawal Reflex has a Simple Stereotypical Neural Circuit.
Repetition of Sensitization Training Leads to Altered Gene Expression
and the Growth of New Synaptic Connections.

Modulatory Siphor@
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The Gill Withdrawal Reflex has a Simple Stereotypical Neural Circuit.
Repetition of Sensitization Training Leads to Altered Gene Expression
and the Growth of New Synaptic Connections.

Modulatory Siphon@}
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Habituace a sensitizace u zeje
Aplysia californica




HABITUACE U APLYSIA

lDotek na sifon... ‘

...a zabra se stahnou




OBRANNA REAKCE STAZENI| ZABER APLYSIA
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HABITUACE U APLYSIA

‘ Dotek na sifon... ‘

...a zabra ukazou temer zadnou reakci ‘




habituation - measuring the effectiveness of synaptic transmission
decrease of number of transmitter vesicles from the presynaptic
SE€Nnsory neuron

Control Habituated
(1 week)

Control 9 Habituated

IS mV

Motor
neuron

Siphon

Sensory
neuron

Sensory
neuron

3,

Interneurons

Excitatory 4

short-term habituation (1x10
-..YMotor ' stimuli): synaptic depression

Inhibitory

neuron

long-term habituation (4x10
stimul1 over hours or days):
reduction of synaptic contacts

from: Kandel, Schwartz, Jessell: Principles of Neural Science




Lze studovat dokonce na tkanoveé kulture

Reconstruction of the Gill Withdrawal Reflex in Tissue Culture

MNo
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Habituace

» Kazdy dotek na sifon stale vyvola akéni
potencial, vyliti mediatoru na synapsi a vznik
postsynaptického potenciadlu

» Kazdy AP vyvolava uvolnéni méné mediatoru
(glutamat) na motoricky neuron

* Méené glutamatu zpusobi pokles odpovedi
motorickeho neuronu
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A. THE REFLEX BEHAVIOR

1. Normal, Unstimulated 2. Initial Withdrawal 3. Withdrawal after
Habituation

B. ELECTROPHYSIOLOGICAL ANALYSIS

Sensory © First Response

Neuron .
Habituated

— Response

Sensory

2
Siphon _-7 ~ Neuron
Gilt / \ Nl\gﬁtr%l;'n

Experimental Set-up Recordings Before and After Habituation

Kratkodobd habituace diky inaktivaci Ca kanalu.

C. CONCEPTUAL MODELS
SHORT-TERM HABITUATION LONG-TERM HABITUATION

Normal Habituated Normal Habituated



Sensitizace

Sensitizace je citlivosti organizmu k opakovanému
drazdéni puvodné neutralnim podnétem nasledujici po drazdivém
podnétu

Kdyz je podnét nepravidelny ‘

Podnét velké intenzity ‘

Predstavuje celkové vybuzeni, excitaci organizmu

Obyceiné je kratkodoba




SENSITIZACE U APLYSIA

‘ Dotek na sifon...

...a zabra se stahnou ‘
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A) Kratkodobé zesileni

zatahovaciho reflexu (zplsobené A eymeéza
slabym podrazdénim regulaém’ S liie PiAaiy
synapse - vlevo), vyvola buiiky

kratkodobou fosforylaci iontovych
kanall a vétsi vylev prenasece.

V a7/

B) Silngjsi a dlouhodobégjsi

rv o gv s o ; tvarsyn.e!psg
drazdeni zpusobuje dlouhodobou \ 4 s meliiie

fosforylaci a syntéza strukturnich
protein{ vyvola morfologické
zvetseni synapse a efekt vétsiho

vylevu zU0stava trvaly.




A. EXPERIMENTAL SET-UP DEMONSTRATING SENSITIZATION

SIFON
Sutain Habituated Sensitized
modulacni
—A synapse
—d s
ZABRY H@
Sensitizing Control in TEA
Stimultus Sensitized by
v Stimulation,
J\ Sensory SHT, cAMP
Neuron 2
" _/\
. J\ Motor
Habituation Sensitization Neuron

Intracellular Recordings

C. CONCEPTUAL MODELS
SHORT-TERM SENSITIZATION ‘ LONG-TERM SENSITIZATION

o
© [e)
S, o
oo o

Normal Sensitized Normal Sensitized




- 9-HT difunduje synaptickou Stérbinou a vaze se na serotoninové receptory na povrchu
cytoplasmatické membrany presynaptickych elementli sensorickych neuront SNs.
Stimulovany receptor prostfednictvim G-proteinu aktivuje membranovy enzym
adenylatcyklasu. Aktivovany enzym zacne z ATP vyrabét cAMP.

- cCAMP aktivuje cytoplasmatickou proteinkinasu. Stimulovany enzym poté zpusobi
fosforylaci proteinu K+ kanall v povrchové membrané presynaptickych element
sensorickych neuront SNss.

- Fosforylace zplsobi zménu konfigurace kanalového proteinu. Dusledkem toho je
snizena vodivost K+ kanalu, pokles velikosti repolarizujiciho K+ proudu a prodlouzeni
trvani akéniho potencialu generovaného na membrané presynaptického elementu
sensorickych bunék SNs.

- Delsi trvani depolarizacni faze akCniho potencialu, které vy$e zminénym
mechanismem nastane, zpusobi prolongované otevieni napétové zavislych Ca2+
kanalu v povrchové membrané presynaptickych elementl sensorickych neuroni SNs.
Diky tomu béhem akéniho potencialu vstupuje do jejich nitra vétsi mnozstvi Ca2+ iontu.

- Vys§Si koncentrace volnych Ca2+ iontu v nervové terminale zpUusobi vétsi mobilizaci
synaptickych vesikul. To se projevi uvolnovanim vetsich kvant mediatoru sensorickymi
bunikami SNs.

- Aktivace vét§iho mnozstvi postsynaptickych receptoru vy$Si koncentraci mediatoru v
synaptické stérbiné zpusobuje vzrist amplitudy EPSP, a tim i frekvence akénich
potenciall na excitacnich interneuronech a motorickych burikach.
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Ad A) Kratkodobé zesileni
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Ad A) Kratkodobé zesileni — celkové 3 cesty:

B Three molecular targets involved in presynaptic faciliation
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Ad B) Dlouhodobé drazdéni aktivuje syntézu latek k prestavbé presynaptickée
casti synapse.

C/EBP
&

( long-term
sensitization/memory

persistent activity of sensory cell

a PKA+MAPK translocate to
nucleus

a PKA phosphorylates CREB-1
(activator of transcription)

a MAPK inhibits CREB-2
R Gt (inhibitor of transcription)

a Ubiquitin hydrolases
proteolyses regulatory PKA
subunit

a PKA persistently active




Sensitization Produces Both Pre- and Postsynaptic
Structural Changes in the Intact Animal (HRP)

Control Sensitized Number of synaptic boutons
per sensory neuron
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Asociativnhi uceni

*Vznika spoj (asociace) dvou
ruznych podnétu

1. Klasické podminovani

*Nepodminény podnét a indiferentni podnét

2. Instrumentdalni (operantni) podminovdani

*Nepodminény podnét a vlastni aktivita zivoCicha
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Cichove averzivni
podminovani Drosophily

Olfactory aversive conditioning and testing

Condieeing Condtionrg Tesling

T-maze
CS - urditad viné, US - slabd elektrickd rana
Po tréningu se mouchy vyhybaji vuni asociujici $ok




Podminovani
Podminovani zrejme take vyuziva mechanismus
presynaptického zesileni pri synchronni a opakované aktivaci
PP a NP. Idealné soucasné nebo PP tésne pred NP.

Adenyl cyklaza slouzi jako koincidencni detektor.

odpovéd

excit ]
y acni

synapse

¢ modulaéni
synapse
. OBR. 11D

Aktivacné zavisla neuromodulace

PP - Podminény podnét
NP — Nepodminény podnet




Dulezité je poradi, ale i nacasovani podnétu
V klasickém usporadani PP lehce predchazi NP (odména nebo trest)

Repetitions

v
c
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Q
Q.
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Avoid danger predictor

/\VK Shock O

/\/W\

A z>(f>

Approach safety predictor J/

Repetitions




Do posileni synapse nezasahuje jen modulacni synapse. Nutna je spoluprace obou
drah. Dulezite poradi a nacasovani PP a NP.

Adenylcyklaza je citliva na Ca. Ca se nahromadi pfi aktivaci PP drahy.

Stimulace PP neuronu sou¢asné s (nebo tésné pred) zacatkem aktivace NP buriky ma
za nasledek influx Ca2+ iontl do cytoplasmy jeho presynaptického elementu. Ca2+ ionty
se zde vazou na regulacni protein calmodulin. Vznikly komplex Ca2+ - calmodulin se
pripouta na adenylatcyklasu a zesili jeji €innost. Diky tomuto zasahu pak dochazi k
syntéze vétSiho mnozstvi CAMP pfi pusobeni modulacniho mediatoru (5-HT) nez pfi
absenci Ca2+ - calmodulinového komplexu.

DalSi pusobeni molekul cAMP je jako v sensibilizaci

excitaéni
< synapse

< modulaé&ni
synapse
OBR. 11D




Koincidencni detekce:

Adenylyl cyklaza je aktivovana jak
alfa podjednotkou G proteinu, tak
komplexem Ca Calmodulin.

6. cCAMP aktivuje PK7
7.Blokace K+ kanalu
8.DelsSi depolarizace
9.Delsi influx Ca+
10.Veétsi vylev mediatoru

(B) Classical conditioning

CS+ PATHWAY (preceding activity)

I’:‘vsyndpli( membrane

Ca“" channel
(open by
achivity)
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Classical conditioning
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KoincidencCni detekce u plze stejné jako u Drosophily

coincidence detection

Siphon touch Tail shock Olfactory cues F ootsh.ock
(sensory input) (modulating input) (sensory input) (sensory input)

| | v v

. 24 Gs-coupled receptors
Ca? SHT receptor = (DA or SHT)

sens
l (sen ? neuron) \ 4 (modulatory neuron)

v

Ca®* /CaM ot GTP Ca?* /CaM o, GTP

(sensory neuron) (mushroom body neuron)

~ S ~ S

Ca?* /CaM stimulable AC Ca?* /CaM stimulable AC

v |

ARcamp AR cAMP

Depolarization of the sensory neurons prior to exposure to SHT increases levels of cAMP over those
seen when CS and US are unpaired. It has been suggested that Ca2+ influx resulting from CS could
converge upon Ca2+calmodulin sensitive-AC and increase the cAMP level produced by SHT. In this
case, the Aplysia adenylyl cyclase is activated by both Ca2+calmodulin and GTPgs (a GTP analog

that acts by binding to as), and therefore acts as a coincidence detector that is sensitive to the timing
and order of stimuli.




Propojené drahy kratkodobé a

dlouhodobé paméti. B Long-
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Prestavba pri podminovani i na postsynapticke casti
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Prestavba pre i postsynaptické casti synapsi




a Encoding and tagging b Storage C Retrieval
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K cemu je to prakticky dobre:

LeCba poruch pameéti
Zavislosti
Fobii, traumat
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