Sifeni signalu a synapse



Sifeni signalu 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.

Plasticita a pamét



Vesmir atd.



Od mista vzniku k dalsimu
neuronu.

Sifeni podél membrany.
Krome pficného i podélny
tok iontu.

Zalezi na pruméru.

V0akno axonu
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Obr: 4.6. Sifeni akéniho potencialu (AP). JestliZe je jedno misto
excitabilni membrany depolarizovano, podélné iontove toky (Sipky)
wyvolajl rozéifeni depolarizace | do bezprostiedniho ckoli. Nove
AP mohou vznikat vEude, kde byl pfekroten prahowvy potencial.
Dé&| se opakuje a vina vznikajicich depolarizaci se &Sif podél

membrany.

Propagace, voltage clamp



Sifeni podel membrany. Zabi myelinizovany neuron ma pfi 20°C a
12um rychlost vedeni 25m/s.
. o Nemyelinizovany neuron sépie musi mit
Zalezi i na myelinizaci. pro stejnou rychlost primér 500um! Je to
40x menSi prumér a 1600x plocha.



Synapse

Obr. 4.7. Sekvence déju pfi pfedani akéniho potencialu (AP) pro-
stfednictvim mediatoru na chemicke synapsi. a) pfichaze|jici AP
depolarizuje synapticky knoflik, b) otevira)i se vapnikove kanaly
a Ca® proudi do nitra knofliku, ¢) to vwvola exocytdzu granul s me-
diatorem, d) mediator se vaZe na receptory postsynapticke mem-
brany, e) nasleduje otevieni kanall pro kationty a jejich viok zpu-
sobl mistni depolarizac, f) na napétové citlivem okoli synapse
mahou vzniknout nove AP,



The Nobel Prize in
Physiology or Medicine

1970

"for their discoveries concerning the humoral transmittors in the nerve terminals and the mechanism for
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Kvantovany pfenos

Second messengers,
synapses



Receptor je soucasti kanalu — ionotropni signalizace
nebo spojen s kanalem kaskadou signalt — metabotropni signalizace



Ca se vaze na synaptotagmin,
Ten vyvola interakci syntaxinu +
SNAP 25 se synaptobrevinem =
exocytoza.



Synapsin = znovuhromadéni v
aktivni zoné






Syntéza v knofliku nebo v téle neuronu






Patch-clamp zaznam 1onotropniho receptoru.



Nemusi byt jen excitacni, jsou i inhibiCni transmitery.



Parasympatikus
na myokardu



Sympatikus
na myokardu



Prostorova a Casova
sumace






Srovnani dvou typu elektrické reci.

_I:Elﬁlile 4-2 § Comparison of Graded Potentials and Action Potentials

‘Graded Porentials

Action Potentials

Graded potential change; magnitude varies with magnitude of
triggering event

Decremental conduction; magnitude diminishes with distance from
initial site

ﬁéﬁsiw 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

é’ . ) - - . 0

-‘@ﬂcurs in specialized regions of membrane designed to respond to the
o P g g

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 sprea.
of a graded potential

Occurs in regions of membrane with an abundance of voltage-gatec
Na™ channels




Vzdalenéjsi vstupy ale nejsou diskriminovany!
Synaptické stupnovani a ,,volani nazpéet"
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Mimosynapticky prenos (presynapticka inhibice/potenciace)



Klasické transmitery

d

Neuroaktivni peptidy — neuromodulatory, kotransmitery

Table 4-4 § Comparison of Classical Neurotransmitters and Neuropeptides

Characteristic

Classical Neurotransmitters

Neuropeptides

Size

Site of synthesis

Site of storage
Site of release
Speed and duration of action

Site of action

Effect

Small; one amino acid or similar chemical

Cytosol of synaptic knob

In small synaptic vesicles in axon terminal
Axon terminal
Rapid, brief response

Subsynaptic membrane of postsynaptic cell

Usually alter potential of postsynaptic cell by
opening specific ion channels

Large: 2 to 40 amino acids in length

Endoplasmic reticulum and Golgi complex in cell bodys,
travel to synaptic knob by axonal transport

In large dense-core vesicles in axon terminal
Axon terminal; may be cosecreted with neurotransmit
Slow, prolonged response

Nonsynaptic sites on either presynaptic or postsynaptic
cells ar much lower concentrations than classical
neurotransmitters

Usually enhance or suppress synaptic effectiveness by
long-term changes in neurotransmitter synthesis or
postsynaptic receptor sites
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Presynapticka synapse



U¢inky na psychiku



Pamét

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



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 leaming 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 somehow 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

e Krome rychleho synaptického prenosu existuje i
pomaly. Bombardovani synapsi vzruchy po
druhych poslech a rychlem, kanaly fizenem
prenosu, vzbudi posléze i tfeti posly, casné geny
a expresi dalsich genu, které syntetizuji latky
potrebné ke s |3nen| poselstw oruceneho 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 napr. poplachove reakce na stres, ucinky drog
a farmak, zmeény pri ukladani pametove stopy.

e Zda je podkladem uéeni a paméti, zUstava
predmetem debat




Urovné synapticke plasticity neuronove sité



R{zné typy modifikaci



Mozna mista modifikaci na presynaptické strané



Synapticka plasticita
Donald Hebb, 1949

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

NMDA ionotropni receptor potrebuje k aktivaci a)ligand, b)silnou depolarizaci.
S narusenymi NMDA receptory se ztratila schopnost prostorového uceni.



Synapticka plasticita

Potenciace:
A.Sumace-podobna svaloveé
B. Facilitace-zména udinnosti

C. Deprese



Potenciace



Potenciace
| na postsynapticke
strané



The Nobel Prize
In Physiology or
Medicine 2000

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

L L
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)



Habituace a sensitizace u zeje
Aplysia californica




Habitu

Dotek na sifon...

...a zabra se stahnou




Obranna reakce stazeni zaber Aplysia
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Habituace u Aplysia

‘ Dotek na sifon... ‘

...a zabra se stahnou ‘




Obranna reakce stazeni zaber Aplysia
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Strength of response

Obranna reakce stazeni zaber Aplysia
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Habituace u Aplysia

‘ Dotek na sifon... ‘

,,,,,,

...a zabra ukazou témér zadnou reakci













Habituace

e Kazdy dotek na sifon stale vyvola akéni
potencial, vyliti mediatoru na synapsi a vznik
postsynaptického potencialu

e Kazdy AP vyvolava uvolnéni méneé mediatoru
(glutamat) na motoricky neuron

e Mén¢ glutamatu zpusobi pokles odpovédi
motorického neuronu
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A. THE REFLEX BEHAVIOR

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

B. ELECTROPHYSIOLOGICAL ANALYSIS

( ) ( : ) N?+ 032+

Motor
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Neuron (L7) .
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D Sensory
. Neuron
Siphon /7
N Motor T DGp TTemesoTm=
Gill / \ Neuron EPSP
Experimental Set-up Recordings Before and After Habituation

Kratkodoba habituace diky inaktivaci Ca kanald.

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

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

Kdyz je podnét nepravidel n)’/‘

Podnét velké intenzity |

Predstavuje celkové vybuzeni, excitaci organizmu
Obycejné je kratkodoba




Sensitizace u Aplysia

‘ Dotek na sifon... ‘

...a zabra se stahnou ‘




Strength of response

Obranna reakce stazeni zaber Aplysia
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A. EXPERIMENTAL SET—UP DEMONSTRATING SENSITIZATION
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A) Kratkodobé zesileni
zatahovaciho reflexu (zplisobené
slabym podrazdénim regulacni
synapse - vlevo), vyvola
kratkodobou fosforylaci
iontovych kanall a vétsi vylev
prenasece.

B) Silnéjsi a dlouhodobéjsi
drazdéni zplsobuje dlouhodobou
fosforylaci a syntéza strukturnich
proteind vyvola morfologické
zvetseni synapse a efekt vétsiho
vylevu z{stava trvaly.



Ad A) Kratkodobé zesileni — 3 cesty:




Ad A) Kratkodobé zesileni — 3 cesty:




Ad A) Kratkodobé zesileni — 3 cesty:




Asociativnhi uceni

*Vznika spoj (asociace) dvou
ruznych podnétu

1. Klasické podminovani

*Nepodminény podnét a indiferentni podnét

2. Instrumentalni (operantni) podminovani

*Nepodminény podnét a vlastni aktivita zivoCicha



Podminovani




Podminovani

Podminovani zrejme také vyuziva mechanismus
presynaptického zesileni pri synchronni a opakované aktivaci
PP a NP.

Adenylat cyklaza slouzi jako koincidencni detektor.

O

w odpovéd

q excitaéni
synapse |
—d modulaéni

synapse

Aktivacné zavisla neuromodulace ~ OBR- 11D

PP - Podminény podnét
NP — Nepodminény podnét






membrana NEAKTIVOVANY PP NEURON

presynapticka terminala

terminala NP neuronu PP neuronu

G-protein

receptor
adenylatcyklasa

i calmodulin

1.Po predchozi aktivaci PP zvysena
hladina Ca+ Ca? kanal X e cAMP R
2.Aktivace kalmodulinu
3.Vyssi hladina cAMP

4 Blokace K+ kanald
5.Delsi depolarizace
6.DelsSi influx Ca+
7.Vétsi vylev mediatoru

PREDCHAZEJICI AKTIVACE
PP NEURONU

a L. -
-

CAMP 2

OBR. 12[)




1.Po predchozi aktivaci PP zvysena
hladina Ca+

2.Aktivace kalmodulinu

3.Vyssi hladina cAMP

4 .Blokace K+ kanald

5.Delsi depolarizace

6.Delsi influx Ca+

7.Vétsi vylev mediatoru












Zmeny pri podminovani i na postsynaptické casti




Prestavba pre i postsynaptické casti synapsi







A. PROJECTION NEURONS
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