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Sifeni signdlu 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
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Uéinky neurotransmiteri prostiednictvim synaptického pfenosu
o Sttt o

Pralincity
mozek

Komunikuji neurony pouze
synapsemi?

OLDRICH VINAR

Psychicka ¢innost zavisi na spoluprdéel miliard me
kouvych nervovych bunék (neurond). Dlouho se sou
lo, Ze se neurony mezi sebou dorozumivajl elektr
Jeymi impulzy - vysilaji je i prijimaji, podobné jako
lefonni sit. Elektrofyziologické metody byly a dos
_Jsou vijznamnou cestou k poznani biologické pods:
ty psychickgch jevit. Pravdépodobné nejdokonalel
pfedstavu o elektrickych déjich zajistujicich psych
Ieé funkce vytvoril pred piil stoletim fyziolog Vilg
Laufberger.” Pozdéjt se viak ukazalo, Ze Sifeni eld
trickijch potencidlit nervovgmi drahami provazeji cl
mické zmény. Bylo znamo, Ze na dusevni stav pii
bi fada ldtek, napr: kafein, nikotin, alkohol, psycl|
Sfarmaka, a pfi vigzkumu téchto dcinki se zjistilo,
I hiku vlastné [a4f Uk pocet neurotrar)
miterit = ch kych latek pi jicich nervové vz
chy (podrobnéji viz Vesmir 75, 150, 1996/3).

Nejprve se zkoumal mechanizmus (i&inku psych
farmak, jejichZ pi bylo uZ prol Jest]
#e napifklad Géinek antidepresiv souvisi se zvy$
nim koncentrace jednoho z neurotransmitert (sej]
toninu), je deprese nejspis zptisobena jeho nedostd
kem. Blokuji-li léky uzite¢né v 1é¢hé bludd, halu
naci a psychotického neklidu receptory pro ji
neurotransmiter (dopamin), jsou tyto priznaky pr4
dépodobné zpusobeny zvySenou aktivitou mozkovy]|
struktur regulovanych dopaminem. Radu azko

1) Vilém Laufberger: Vzruchova teorie (1947)

2) Trends in Neuorsclences 24, 207-215, 1998

3) Eva Sykovd, The Neuroscientist 3, 28~41, 1997

4) Euforizujici ndinky alkcholu nelze pfititat pouze serotoninu,
g klad nezvysujl normélni nala

tokalada ani ve velkém mno?stvi nevyvoldva .optlost” fako alkol

5) Spanek nenf zajiafovAn pouze prostaglandinem D2; podili se

ném fada modulacs, mimo Jiné § serotoninové.

6] Co sv&dEl prof této teordi: Pt rychlosti 3 mm/hod (viz vie) sef

cel§ mazek .preplavat” fdové za'2 dny, kde#to Giéinck antideprd

se projevi tfeba | za 20 dnit Navie pozdni téinek antidepresiv se d

4 snfze vysvetlit genomiclgimi Géinky (Psychiatrie 2, 76-85, 199

antldepresivum

| kterd a
yaminomdselnsi | dzkost | anxlolytika (usnadiuji Gélnek]
kyselina (GABA) Y (tzv. 8) | kysellny

dopamin

nych poruch miiZeme 1é¢it latkami usnadiujicimi
pusobeni y-aminomaselné kyseliny. Léky zvySujici
koncentraci acetylcholinu v mozku zase mohou do-
Casné zastavitl rozvoj demence pit Alzheimerove ne-
moci, y-aminomaselna kyselina tedy reguluje tizkost
a acetyleholin kognitivni funkce.

Vazebny ki€ v zamku*

Neurotransmitery plisobi na své receptory v nervovych
synapsfch (zapojich), kde se vldkna jednoho neuronu
setkdavaji s vldkny jiného neuronu - po uvolnéni z konce
vldkna vysilajiciho neuronu ot i bnd mista
receptorit zakonéeni piijimajiciho neuronu. Do vazeb-
ného mista zapadaji jako kli¢ do zAmku. Pal stolet{
byla existence receptori pouhou hypotézou, kterou
teprvey padesatveh letech tohoto stoleti potvrdila elelc-

Pomaly
synapticky
prenos

Nadéje na prevenci
poruch paméti

FRANTISEK VYSKOCIL

e e acaas

Kde se v mozku
tvofi pamét?

Synapticka plasticita
v hipolkkampu a jeji tiloha
pri tvorbé pameéti

SABINA HRABETOVA
RICHARD ROKYTA

Hipokampova {ormace je mozkova struktura, kterd
hraje dulez ulohu v p ych pr h. Da-
kazem jsou dala ziskana pri sledovani neurologi
kych pacienti s irazem v této oblasti. Poskozeni hi-
pokampu nebo jeho létebné odnéti vede u lidi
k ogradni (e si pak neni scho-
pen zapamatovat nova fakta a rozpoznavat nové tva-
fe. Drive vytvofené paméfové stopy vSak zistavaji
neporusené, protoZe jsou pravdépodobné uloZeny
v jiné mozkové strukture, v kire. Navic si postizeny
uchovava typy paméli s hipokampem nesouvisejic,

SLOVNICEK
axony - (f. axon - osa) vybézky nervové buiiky obsa-
hujici axoplazmu, zde axony granularnich bunék ve
spojl synaptického okruhu, zvané Splhava vlidkna
ista - (f = ik) zde ve vyznamu

. ag
stejné pusebici éinitel
antagonista - (. antagonistes - odpuiree) opaéné pi-
sobici Cinitel
depolarizace nervového vldkna - zména membranoc-
vého potencidlu vidkna po podrazdéni
indukee nervového vlakna - {lat, Lrducere - uvidét)
zde ¢ast procesu vedouciho k diferenciaci
inhibitor - (lat. (nhibere - zadrZovat, zastavovat) tu-
mig, latka zpomaiujici reakel

pozitivn priznaky | antipsychotika (bloku]i
g I Gélnek

| awsena.

1. Schematick§ dlagram pfiéného fozu hipokampem zobrazujici do-
prednou drahu (1), kterd kon&i synapsemi na granuldrnich buikach
gyrus dentatus; Splhava vidkna (2) tvofici spoj na pyramidové bufiky
(P) v oblasti CA3; a Schafferovy odbotky (3), které spojuji oblast
CA3 s oblasti CA1. i i) vidkna pi ji dalgi
vstup do oblasti CA1. (M. Shepherd: The synaptic organization of
the brain, Oxford University Press 1990)

pyramidové buiky

Schatferovy
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splhavd
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ANATOMIE HIPOKAMPU

Hipokampova formace se sklada z gyrus dentatus, ob-
lasti CA3, oblasti CA1 a subicula (obr. 1), Klasicky trisy-
napticky okruh tvofi dopfednda draha, kterd zacina
v &ichové oblasti mozkové kury a propojuje hlavni éasti
hipokampové formace. Prvni spoj trisynaptického okru-
hu zaéind v kafe a koncéi sy i na granu-
larnich buikach gyrus dentatus. Druhy spoj je tvofen
axony granuldrnich bunék (tzv. Splhavymi viakny), kte-
ré maji i y v oblasti

lsson byl ocenén za sérit pokusi z konce
eré vedly k objevu, Ze velmt ditlezitym pre-
signdlu pri vzdjemné komunikaci newont je
Tehdy panoval nazor, Ze dopamin je pou-
wrzorem pro noradrenalin, tedy jakgmsi ,po-
\*, z néjZ noradrenalin vznika. Noradrenalin
( s acetylcholinem) jednim z mala prokdza-
1 UL

Eelni lalok bazini

ganglia

dopaminové
drahy

1. Dopaminové nervové drahy v mozku. A. Carlsson ukazal, Z¢ pro
Kontrolu svalové aktivity maji vyzaam bazalni ganglia (shluky neuro-
R, ktord , lunguji* pouze pfi dostatku dopaminu. PFi Parkinsonové
chorobi jsou bazalni ganglia postizena - podkorové oblasti piedni-
ho mozku degeneruji a postupne z nich mizi velké neurony, v nichz
dopamin vznika. Rozvijo]i se Klinické piiznaky Jako tres, svalova ztuh-
Jost &l neschopnost pohybu. K 18bé s¢ pouziva prekurzor dopami-
nu L-dopa (viz obr. 2).

tivniho nervového systému. Intenzivné se stu
2ho hormondlni pisobent pii stresu a uvolio-
ry nadleduvin. Carlsson zjistil, Ze se dopamin

¥ na py Y oblasti CA1.
Tento klasicky model hipokampového okruhu byl dopl-
nén nalezem viaken vedoucich z oblasti CA1 do subi- ¥ iy
kula (od subicere - podkladat) a kdry, ktera de facto |¥ wich Ob'ﬂSff‘v‘Ch mfuku a U»d[m? v _éu.xych
uzaviraji smyéku okruhu. Synapticka plasticita je viak |/ noradrenalin, coZ ho prive obg zauéni,
v réznjch formach pfitomna na viech synapsich za- |\t st byt prenasecem sdm obso o
Kladniho tfisynaptického okruhu. ku se Carlsson zajimal o pusobeni rescrpi-
loidu z indické lé€ivé rostliny Rauwolfic
nejen snizuje krevni tlak, ale ptisobi silné

Jjako procedurdlni paméf, ktera je potfebna pro zis- =
kévani dovednosti. Klasickym piikladem je dodnes’ARLSSON (*25. 1. 1923 v Uppsale)

¥ . < ~” § titul ziskal na Univerzité v Lundu (1951), r. 1956
zijici pacient, kterému v roce 1953 byla pii neléci- ar. 1959 p far ie na
telné epilepsil zaroveri s vnitinimi ¢astmi spankovychits v Géteborgu, kde dosud pisobi jako emerit-
lalokdl operaéné odiiata i velka ¢ast hipokampu. Po-sor, Ziskal napf. (spolu s B.W. Sperrym a O. Hor-
operaéni psychologické vy$etfeni ukazala, Ze zatim-czem) Wolfovu cenu za medicinu (1979), llﬂm’;‘
co rysy osobnosti a inteligence zastaly nenaruseny, g;!"’:'::::;ikehz‘:m‘g;"d‘:‘["‘;:epg::&ka v
pacient sf nebyl schopen vybavit jedinou udalost po- ) W | )
¢inaje dnem operace, ¢i poznat lidi, se kterymi se poiREENGARD (‘11:’ 1: 1925 v New Yorku)
operaci seznamil a byl s ; a 5 oval lohnse ise v

pLJ hlod: -, ¥ hi ’)1'] iy kor\lqktu ect .V letech 1953-1959 pracoval v ramei postdokto-

ocavey je:ipol ampus zapojen do MECHANIZ- y,, o dia biochemie na univerzitich v Londyné
mu prostorového uéeni. Zatimeo laboratorni potkan yprigzi, v Narodnim tstavu pro lékafsky vyzkum
s oboustranné odilatym hipokampeni neni schopen| a v Narodnim stavu zdravi v Bethesdé (USA).
najit ve vodni nadrz podlazku pod hladinou vody, 83 vede laboratof molekuldrnia bunééné neuro-
kontrolni zvife se rychle naudi plavat pfimo k ni. Dal-? Rockefellerovd univerzité v New Yorku. Ziskal
Sim dtkazem byl objev hipoks FLR 2 vyznamendni, napf. (spolu s E. R. Kandelem)
¢ u' dz(;m Py onjEV 1‘,)0 dm”o‘"y‘,‘h "bu{“'k (e A. Dana Award for Pioneering Achievements in
tého mista”. U laboratornich potkanu je kazdé no 997).
prostiedi zmapovano skupinou neuromi v hipokam-
r R S i« KANDEL (*7.11. 1929 ve Vidni)

pu. V m'mcl této skupiny se pak aktivita jednotlivyeh [ Rakous‘ka. ale je ob&anem USA. Lékasky ti-
neuront viZe k pfesné definovanému mistu (poli) i r. 1956 na Newyorské univerzité, v letech 1960
v prostoru. Tak zvife ziskava poznatky o prostiedi. e zabyval psychiatrii na Harvardové univerzité

ha pyr Yy o = % PR i i it
i " o sickyjch neuropr G jeh pie- antipsycl icky n v
g:g&?&gngaﬁ?;&';muj; !f’m,' spoj v okruhu a koné’i postgangliovgch nervovtjch vldken periferni- ké lidové 1égitelstvi). Prilom ale delsi

u rostlinu vyuzivalo indic-

nem navozovala deprese. Carlsson piemyslel, zda
reserpin vyprazdiiuje mozkové zasoby scrotoninu
{jednoho z Fady potencialnich neuropfenase nc!_)_o
zda brani vylevu néjakych jinych prenasecl, napri-
klad dopaminu.

Jak anit zpétnému vychy i inu
Po fadu dni Carlsson podéval reserpin laboratornim
potkaniim. Zvifata postupné ztracela ¢ilost a schop-
nost spontanni pohybové aktivity. Vypadalo to po-
dobné jako u Parkinsonovy choroby. pi které jsou
poruchy motoriky jednim z pravodnich jevil. Kdyz
byl potkantim podan prekurzor serotoninu, nic se
nezménilo, kdyZ ale dostali prekurzor dopaminu,
poruchy motoriky zmizely. Dnes uz vime, ze Parkin-
sonova choroba (viz Vesmir 78. 330, 1999/6) je zpu-
sobena nedostatkem dopaminu v urcitych eblastech
mozku (obr. 1). Samotny dopamin, klery ma silné
polarni molekulu, je létebné neddinny, protoZe ne-
projde hematoencefalickou bariérou mezi krvia moz-
kem. Tyto projevy lze vialk alespori &dstecné upravit
& potlagil podavanim prekurzoru dopaminu, Ktery
se nazyva L-DOPA (viz obr. 2).

A. Carlsson ovliviioval synapticky pfenos také tim,
#e zablokoval dopaminové receplory. Prakticky vy-
znam to ma pro lécbu schizofrenie a deprese (viz
Vesmir 78, 607, 1999/11). Rozhodujici ilohu pfi
regulaci alektivily ma zfcjmé serotonin: Ten musi
byl po svém pasobeni na receptory odstranén, ji-
nak se pienos na synapsich zahlti a zablokuje, Se-
rotonin se nehydrolyzuje vné bunék (jako tieba ace-
tylcholin), ale je zpétné vychytivan do nervovych
zakonceni, a tim jeho hladina klesa. Nekdy je vy-

onu; 1965-74 byl psy a psy-
3 na Newyorské univerzité. Od r. 1974 je profeso-

P P

3 A o s ¥ <. L Kolumbové univerzité, kde plisobi na katede
Otazkou zistava, jaky je bunéény mechanizmus tvor- \lagie a psychaitrie a od ¥.1992 162 na katedre bio-
oy ani

by a uchovavani pamétové stopy — jakym zpasobem, o Z jeho
se informace o podlaZee ve vodni nadrzi uklada ¢i jak e napf. Cenu Alberta Laskera (1983), Narodni
se vytvori kognitivni mapa vnéjsiho prostredi. V po-|2a védu (1988), Harveyovu cenu (1993) ¢i Cenu

Hi, souvisi s

slednich desetiletich vzbudila pozornost neurovéde 'Ské 1ékafské akademie (1996).

synaptickd plasticita. To je schopnost dlouho udrZet
zménu ucinnosti synaptického prenosu mezi dvéma
newony a je vyvoldna specifickym podrazdénim neu-
ronu leziciho pied synapsi (zdpojem). Casto uvadé-
nym piikladem role synaptické plasticity pii tvorbé
paméti je dlouhotrvajici drazdénf popsané u morské-

MUDr. Sabina Hrabétova, PhD, (*1964) vystudovala 3. Lékar-
skou fakultu UK v Praze. Do roku 1992 pisobila v Ustavu
fyziologie a klinické fyziologie 3. LF UK a od té doby pracuje
v Department of Phar gy SUNY v ynu (N. Y.),
kde dokoncila PhD. Je neurofyziolog, studuje zejména ulo-
hu proteinki ¥ g e

Prof, MUDr. Richard Rokyta, DrSc., (*1938) vystudoval Lé-
karskou fakultu UK v Pizni, v soucasne dobé je prednostou
Ustavu alni, f a klinické 3. Lékai-
ské fakulty UK v Praze. 1990-1997 prodékan 3. LF UK. Clen
a i mnoha ina ich ¢ i (: iete de
Physiologie, The Physiological Society IUPS, FEPS, IBRO).
Zabyva se ioloqii. v & PR di
bolesti v centrdlnim nervovém systému a jejimi elektrofyzio-
logickymi a biochemickymi projevy.

(e-mail: Richard.Rokyta@I13.cuni.cz)

Prof. RNDr. Frantisek Vyskogil, DrSc., (*1941) vystudoval
Prirodovédeckou fakultu UK v Praze. Ve Fyziologlcké[n l'x%ka-
vu AV CR se zabyva yzi
in, Objevil 2 p
u savel. Je autorem ,klasické citaéni prace”, viz Current
Content 15 (1998). Je &lenem UEené spoleénosti €R.

gii a biofy ¥

hitpi/fwww els.cuni.czivesmic @ VESMIR 80, leder: 2001 13
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Od mista vzniku k dalsimu
neuronu.

Sifeni podél membrany.
Kromé pficného i podélny
tok iontu.

ZaleZi na prumeru.

+
i
+
+
+
+

+ 4+
- - - - - It *1- -
Viakno axonu ﬁpw

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



o ; » Myelination of PNS and CNS Axons
nemyelinizovany

myelinizovany

|
Myelination in the Peripheral Myelination in the Central'
Nervous System

nemyelinizova-
> ny axon

e > L -

FIFREFL = Fa¥+7 r.,-'-,,,---., EFE Fe oot ey

i
W s e
myelinizovany

axon

Sifeni podel membrany. Zabi myelinizovany neuron ma pfi 20°C a
12um rychlost vedeni 25m/s.
_ S 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
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Neurotransmitfer
Vesicles

%
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Molecules
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STELELRS
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Receptors

\br. 4.7. Sekvence dé|ju pfi pfedani ak&niho potencialu (AP) pro-
‘stfednictvim mediatoru na chemické synapsi. a) pfichazejici AP

depolarizuje synapticky knoflik, b) oteviraji se vapnikové kanaly
a Ca** proudi do nitra knofliku, ¢) to vyvola exocytézu granul s me-
digtorem, d) mediator se vaZe na receptory postsynaptické mem-
brany, e) nasleduje otevieni kanalt pro kationty a jejich viok zpG-
sobi mistni depolarizaci, f) na napétové citlivem okoli synapse
mohou vzniknout nové AP.
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Synapse v kontextu buné&énych spoju
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"for their discoveries concerning the humoral transmittors in the nerve terminals and the mechanism for
their storage, release and inactivation"

Sir Bernard Katz UIf von Euler Julius Axelrod
Lo o o
1/3 of the prize 1/3 of the prize 1/3 of the prize
United Kingdom Sweden USA
University College Karolinska Institutet National Institutes of Health
London, United Kingdom Stockholm, Sweden Bethesda, MD, USA
b. 1911 b. 1905 b. 1912

d. 2003 d. 1983 d. 2004



04mV

l_‘ [ 1J 1L

Sir Bernard Katz, 1970
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Second messengers,
synapses

NEUROBIOLOGY
Gary G. Matthews



AkEni potencial vyvola vyplaveni transmiteru.
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Receptor je soucasti kanalu — ionotropni signalizace
nebo spojen s kanalem kaskadou signall — metabotropni signalizace
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(a) Overview of vesicle recycling

Coatomer clathrin nutny pro udrzeni
tvaru vesikulu

Endosome\

/ © Targeting

— C. Receptory zprostfedkovana endocytéza © Docking
- potazena jamka : -
¥ e Primin :' ‘:o
L 3 ligand ——’ . \/; {\/‘ £ © Fusion . . @ Endocytosis
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e 2 § recyklace recep (b) Retrieval of the vesicular membrane
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w Classical Kiss-and-run
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. In the classical pathway, the vesicular In the kiss-and-run pathway,
D membrane completely fuses with the synaptic vesicles fuse to the
i presynaptic membrane, then is membrane only at a narrow
o ¥ <" retrieved by endocytosis. fusion pore.
=
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Finalni syntéza v knofliku (rychla transmise) nebo v téle neuronu
— axonalni transport (pomala)

l Synthesis

Precursor
chemicals

Neurotransmitter

l Storage
l Release /
‘ Receptor interaction




Mistni recyklace vesikul je rychlejsi nez transport z Golgiho a.

Spoluprace endosomu a vesikulu.

NERVE
TERMINAL

synaptic vesicle
carrier protein

trans Golgi
network
000

0O
BODY OF
NERVE CELL

synaptic vesicle
membrane protein

Figure 13-73 Molecular Biology of the Cell 5/e (© Garland Science 2008)

DELIVERY OF SYNAPTIC
VESICLE COMPONENTS
TO PLASMA MEMBRANE

ENDOCYTOSIS OF SYNAPTIC
VESICLE COMPONENTS TO
FORM NEW SYNAPTIC
VESICLES DIRECTLY

ENDOCYTOSIS OF SYNAPTIC
VESICLE COMPONENTS AND
DELIVERY TO ENDOSOME

BUDDING OF SYNAPTIC
VESICLE FROM ENDOSOME

LOADING OF NEURO-
TRANSMITTER INTO
SYNAPTIC VESICLE
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Figure 13-74 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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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)
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Figure 19-22c Molecular Biology of the Cell 5/e (© Garland Science 2008)



Postsynapticka strana - detail
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Figure 19-21 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Ach receptor je ionotropni. Je to pentamer, podobny receptoru pro
serotonin, GABA, glycin.
Avsak Glut. receptor je tetramer, podobny K kanalu.

acetylcholine-binding site

¥

a
acetylcholine-
binding .
site lipid
bilayer

/

CYTOSOL
(R)

Figure 11-38 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Patch-clamp zaznam ionotropniho receptoru.

Ach receptor je soucasti kanalu. Je rychly: Prechod mezi otevienym a
zavirenym stavem je < 10us. KdyZ je otevieny, projde jim 107 iontd /
S.
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Nemusi byt jen excitacni, jsou i inhibicni transmitery.

excitacni
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Postsynapticka strana:
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Srovnani dvou typl elektrické redi.

4-2 § Comparison of Graded Potentials and Action Potentials

Action Potentials

eptor, or by spontaneous shifts in leak-pump cycle

rs in specialized regions of membrane designed to respond to the
. X
figgering 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




Na inicialnim segmentu se velikost depolarizace prekdédovava na frekvenci
AP. Aby tuto specialni fukci axonovy hrbolek plnil, musi tu byt kromé Na

kandlu citlivého na napéti jesté dalsi 4 typy iontovych kanalu: 3 selektivni
pro K+ (zpozdéné, rychle inaktivujici a Ca-aktivované); a 1 typ selektivni

pro Ca.
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trvalé neprerusované stimulaci klesa. Reaguje tedy |épe na zménu nez na

trvaly podnét.



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. Trvaly podnét tedy vyvola trvalé ,paleni®.

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 vetsi depolarizace se inaktivuiji drive,
polet otevienych K kanalu je tedy nizsi (tim méné se uplatfiuji) a frekvenci
AP netlumi.

Ca a Ca dependentni K kanaly se uplatiuji pri adaptaci — pri 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 |épe na zménu nez na
trvaly podnét.
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Figure 11-40a Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Vzdalengjsi vstupy ale nemusi byt diskriminovany!
Synaptické stupnovani a ,volani nazpét"

1. Schéma pokusu Mageeho
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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.

e Receptory na postsynaptickych (prijimacich) burikach
jediného presynaptického neuronu mohou byt
farmakologicky odliSné a mohou ridit rizné iontové kanaly

* Jedina pfrijimaci bunka muze mit vice nez jediny druh
receptoru pro dany transmiter, pricemz kazdy receptor
muze ridit jiny mechanismus iontové propustnosti.
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Existuje i mimosynapticky prenos (presynapticka inhibice/potenciac

Mozek lze 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 Urovnée aktivity mimosynapticky.
Mimosynapticky pfenos je podobny zpUsobu, 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

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 synapric 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 body:
travel to synaptic knob by axonal transport '

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

Nonsynaptic sites on either presynaptic or postsynaptic
cells at 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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A Inhibitory terminal making synapse
on excitatory synaptic terminal

Receptory nejen na
dendritech a téle:
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DUsledek obecné chemické sensitivity neuront: Udinky
psychoaktivnich latek napr. na psychiku

Uéinky neurotransmiterdi prostiednictvim synaptického pfenosu
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Synapse jsou nejen chemické, ale i elektrické
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(a) An electrical synapse (b) Gap junctions
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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
efficient at detecting the coincidence of simultaneous subthreshold
depolarizations within a group of coupled neurons, a phenomenon that
increases neuronal excitability and promotes synchronous firing.

Electrical synapses are also highly effective at mediating lateral
excitation and increasing the sensitivity of sensory systems,
(coordinated activity) as it occurs in the retina and the primary
afferents of escape networks.

Because of their reliability (transmission at electrical synapses is not
probabilistic in nature) and the absence of a synaptic delay
(transmission occurs instantaneously), electrical synapses are also a
typical feature of escape response networks in both invertebrates and
vertebrates.

NATURE REVIEWS | NEUROSCIENCE VOLUME 15 | APRIL 2014 | 251



a Chemical synapse b Electrical synapse

Action
potential

CHI+

Action

Presynaptic
ynap potential

terminal _l="

o Synaptic
vesicle
{ Gap junction

Metabotropic
receptor

lonotropic ®
receptor

potential expression
cascades
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.

Postsynaptic
terminal




Oba typy synapsi mohou byt regulovany internalizaci kanald.

a Chemical synapse b Electrical synapse

Semi-dense

cytoplasmic

Hemichannel |
insertion

Regulated
trafhcking

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 regulate this trafficking. PSD95 and
calcium/calmodulin-dependent protein kinase Il (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 (Z01) 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.

a Chemical synapse Electrical synapse b Mixed synapse

l |

| Glutamate ]
y )

Meuromodulator

Gap junction

o channel
o
Metabotropic
receptor
c Heterosynaptic interaction d

Dopaminergic
varicosity

mGluR-mediated
signalling

L I

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 [ {CaMEKII). ¢ | Regulation of electrical synapses
by glutamatergic transmission could also be heterosynaptic. Mearby 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 mGluR 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



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."

Ramoén 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



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

Holger Hyden: new specific RNA i1s 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

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

* Pomalym prenosem pozménény metabolismus a stavba
synapsi maji dopad na mnozstvi zakladnich funkci NS napr.
poplachové reakce na stres, ucinky drog a farmak, zmény pfri
ukladani pamétové stopy.

e Zdaje podkladem uceni a pameéti, zustava predmeétem debat



Urovné synaptické plasticity neuronové sité

(a) Plasticity in a neural chain

‘37 ( Qutput

(b) Plasticity in a superordinate circuit
L

Superordinate ay’:?
1put L2 FLS { Qutput

(c) Plasticity in a cell assembly
[ J

Qutput

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.




Engram — zapis do
struktury, fyzikalni
substrat paméti.

Dodnes nevyreseny
problém.

Zmény v NS se
odehravaji na nékolika
urovnich.

Figure 2 | Multiple levels of analysis of an engram. Although engrams are thought to
involve strengthening of connections between neurons (neuronal ensembles) widely
distributed throughout the brain, the engram can be probed at different scales and levels
of analysis. This schematic depicts the components of a hypothetical fear engram (shown
in red) at different levels of analysis, from a brain network to a neuronal nucleus. a | At the
brain network level, a subset of brain regions may be involved in this engram. Red lines
depict functional connections between these engram brain regions. Cyan lines depict
underlying anatomical connections between brain regions. b | At the neuronal
population level, subsets of neurons within a brain region may be involved in this engram.
c | With the formation of each engram, changes occur at the level of individual neurons
(for example, changes in the pattern of connectivity). d | Changes can also occur at
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subsets of synapses (for example, synaptic strengthening). e | At the nuclear level, the
engram can be reflected in transcriptional and epigenetic changes. ACC, anterior Ca2* o Intracellular /.J DNA
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Before training

(a) Changes involving synaptic transmitters

(b) Changes involving interneuron modulation
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(¢) Formation of new synapses

1 Re{naggement of synaptic input

After training

causes increased

Interneuron modulation

or or
More transmitter Postsynaptic mem- ‘ Synapse enlarges The end result is
is released from brane becomes larger both pre- and increased PSP,
the axon terminal. | | and/or mote sensitive postsynaptically.
to transmitter. —

18.2 Synaptic Changes That May
Store Memories After training, each
action potential 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. () 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
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el synapses have different numbers of release sites (active zones). An extreme example is the calyx of Held in the mammalian
(@8 auditory pathway. b | Voltage-dependent Ca?* channels at individual active zones differ in number and/or type, allowing more Ca?"

E 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
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Gl quantitative differences in presynaptic proteins impart different properties to the Ca® receptors, affecting the probability of

vesicular fusion after Ca®* entry.




Synapticka plasticita

Donald Hebb

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

554 CHAPTER 18

(a) Normal synaptic transmission (b) Induction of LTP

Axon

terminal
N

With repeated
activation of AMPA
receptors, the change
in postsynaptic

m| membrane potential N
= drives Mg>' outof [P
NMDA channel.

";"":‘5.", / F | v tivatec concentration
i depolarizes cell activates CaM
CaM Latent—_ —L5 ” ‘
AMPA ‘f'

receptor

rograde

These changes
make the >
synapse more |7
responsive.

(c) Enhanced synapse, after induction of LTP

The synapse is now
ready to give more-
rapid and stronger
response, because
more transmitter

is released and
there are more
AMPA receptors in
the postsynaptic
membrane.

CaM AMPA receptors

—

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

prostorového uceni.
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Dlouhodoba aktivace
nenecha v klidu
proteosyntézu.

Proto transkripcni faktory
(napr. Zenk a c-Fos)

signalizuji aktivitu neurond.

18.10 Steps in the Neurochemical
Cascade during the Induction of LTP
This illustration is based on LTP induction in
the CA1 region of the hippocampus.

j 1. Strong stimulation of the
neuron leads to rapid

J.Ilustratédexgure 189. |

| 2 Increased Ca®* ion concen-
‘tration activates protem
kinases (mcluding Catr
calmodulin kinase [CaMK],
PKA, and PKC), which
phosphorylate proteins.

- Phosphorylated CREB |
profein bmds to cychc AMP |
response elements in the
promoter regions of many

genes, CREB binding |

regulates the transcnphon
of many different genes.

.....

Changesmgenetr" \scripti f
lead to changes in protems, \
including enzymes and
structural pmtems Some of [
these proteins are necessarj
to induce LTP.

5. Many of the proteins synthesi

are transported down the axann
and into dendrites to alter the.
response of the neuron to further
shmuh |




The Nobel Prize
in Physiology or
Medicine 2000

"for their discoveries concerning signal transduction in the nervous

system”

Arvid Carlsson

1/3 of the prize
Sweden

Goteborg University
Gothenburg, Sweden

b. 1923

Paul Greengard

1/3 of the prize
USA

Rockefeller University
New York, NY, USA

b. 1925

Eric R. Kandel

1/3 of the prize

USA

Columbia University
New York, NY, USA

b. 1929
(in Vienna, Austria)



Molecular Biology of Memory Storage:

The Persistence of Memory

2006



The Study of Memory Has Two Parts:

(1) The Systems Problem of Memory:

Where in the brain is memory stored?

(2) 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

Skills and Nonassociative
Habits and Associative
Learning

Amygdala, Cerebellum,




There are Two Major Forms of Long-Term Memory

Explicit (Declarative)

Place: Nonassociative Learning:
Spatial Memory Learned Fear (Sensitization)
Medial Temporal Lobe
Hippocampus Reflex Pathways

Requires Conscious Attention



Implicit and Explicit Memory Share 3 Features in Common

W

1 There are Stages to Short-Term Memory
Memory Storage (minutes)
2 Repetition Converts Short-
to Long-Term Memory
\
3 Long-Term Memory
Requires New vy — L°"(3;T°mv:::":‘;°'y
Protein Synthesis ¥ ys,




The Human Brain
is complex:
102 Neurons

The Aplysia Brain
is simple:
2 x 10* Neurons

Major Ganglia

Buccal —

Cerebral -
Pleural —

““Pedal

Abdominal



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.

Slphon@\

Motor
Neuron

(6)

Interneurons



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@\

(5HT)

Sensory
Tail < Neuron

(24)

A
@
B Motor

| EX ) Neuron

Im;;;lom (6)

Gill




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.
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Habituace a sensitizace u zeje
Aplysia californica




Habituace u Aplysia

‘ 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 témer zadnou reakci




habituation - measuring the effectiveness of synaptic transmission
decrease of number of transmitter vesicles from the presynaptic
SENSOry neuron

Control Habituated
(1 week)

Control Habituated

Motor
neuron
neuron

Sensory
neuron

Interneurons
xcitato / - .
,Enhibi;: t & : ) short-term habituation (1x10

stimul1): synaptic depression

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

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

:[5 mV




Lze studovat dokonce na tkanové kulture

Reconstruction df the Gill Withdrawal Reflex in Tissue Culture




(A)

Buccal ganglion

Cerebral ganglion

Pleural ganglion

Pedal ganglion

Abdominal
ganglion

Siphon



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
motorického neuronu
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A. THE REFLEX BEHAVIOR

-

-
P

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

B. ELECTROPHYSIOLOGICAL ANALYSIS

o —~n N e

Motor
Sensory S © ) Neuron First Response
Neuron (L?) .
Habituated
— Response
D Sensory
. Neuron
Siphon o
. // \\ Motor
Gilt Neuron
Experimental Set-up Recordings Before and After Habituation

Kratkodobd habituace diky inaktivaci Ca kanalu.

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

oO
o Co

Normal Habituated Normal Habituated



Sensitizace

Sensitizace je zvyseni 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... ‘

Podrazdéni ,,ocasu“ ...a Zabra se stahnou
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A) Kratkodobé zesileni
zatahovaciho reflexu (zplsobené
slabym podrazdénim regulacni
synapse - vlevo), vyvola
kratkodobou fosforylaci iontovych
kanall a vétsi vylev prenasece.
B) Silngjsi a dlouhodobégjsi
drazdéni zplsobuje dlouhodobou
fosforylaci a syntéza strukturnich
protein{l vyvola morfologické
zvetseni synapse a efekt vétsiho
vylevu zU0stava trvaly.

signal
do jadra

buiiky ~——H_

proteinkinaza

silné

syntéza
proteind

tvar synapse
se modifikuje

-




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



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

- cAMP aktivuje cytoplasmatickou proteinkinasu. Stimulovany enzym poté zpusobi
fosforylaci proteinu K+ kandll v povrchové membrané presynaptickych elementd
sensorickych neuront SNs.

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

- Delsi trvani depolarizacni faze akéniho potencialu, které vyse zminénym
mechanismem nastane, zplsobi prolongované otevieni napétove zavislych Ca2+
kanald v povrchové membrané presynaptickych element( sensorickych neuront
SNs. Diky tomu béhem akéniho potencidlu vstupuje do jejich nitra vétsSi mnozstvi
Ca2+ iontu.

- Vyssi koncentrace volnych Ca2+ iontl v nervové terminale zpUsobi vétsi
mobilizaci synaptickych vesikul. To se projevi uvoliovanim vétsich kvant mediatoru
sensorickymi bunkami SNs.

- Aktivace vétsiho mnozstvi postsynaptickych receptort vyssi koncentraci
mediatoru v synaptické stérbiné zplsobuje vzrist amplitudy EPSP, a tim i frekvence
akénich potencidlll na excitacnich interneuronech a motorickych burikach.



netion potential
is hroader

d With K*
Phosphory lated 1 channels closed,
polassium \

Ad A) Kratkodobé zesileni

Hlavni cesta: Fosforylace

v ’ . Molecules of
a shizena vodivost K serotonin
ka né I ﬂ . Serotoain receplor
Zadrzeni K+ a delSi (G- prossin-cosplod)
depolarizace
presynaptického
elementu.

DelSi otevreni Ca kanall a
Vetsi vylev mediatoru.

NEUROBIOLOGY

Gary G. Matthews
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Ad A) Kratkodobé zesileni — celkové 3 cesty:

B Three molecular targets involved in presynaptic faciliation

“tailshocked” Y\ Serotonin acts on two

neur(“” - . receptors
< \ \ X \ \
’ A\ G,: cAMP -> PKA
" G,: DAG ->PKC

[ ;
/ —— G, protein
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Ad B) Dlouhodobé drazdéni aktivuje syntézu latek k prestavbé presynaptickée
casti synapse.
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Sensitization Produces Both Pre- and Postsynaptic
Structural Changes in the Intact Animal (HRP)
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per sensory neuron
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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

(4)
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Time to escape (s)
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Number of trials






Cichové averzivni
podminovani Drosophily

Olfactory aversive conditioning and testing

Oder 2
Odor 1 Odx 2
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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 ]
) acni

synapse

¢ modulaéni

synapse

OBR. 11D

Aktivacné zavisla neuromodulace
PP - Podmineny podnét
NP — Nepodminény podneéet



Dulezité je poradi, ale i nacasovani podnétu
V klasickém usporadani PP lehce predchazi NP (odmeéna nebo trest)
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Do posileni synapse nezasahuje jen modulacni synapse. Nutna je spoluprace obou
drah. Dullezité poradi a nacasovani PP a NP.

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

Stimulace PP neuronu soucasné s (nebo tésné pred) zacatkem aktivace NP bunky
ma za ndsledek influx Ca2+ iontd 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 cinnost. Diky tomuto
zdsahu pak dochdzi k syntéze vétsiho mnozstvi cAMP pfi plisobeni modulaéniho
mediatoru (5-HT) nez pfi absenci Ca2+ - calmodulinového komplexu.

Dalsi plisobeni molekul cAMP je jako v sensibilizaci

excitaéni
< synapse

< modulaé&ni

synapse

OBR. 11D



(B) Classical conditioning

CS5+ PATHWAY (preceding activity)

Presynaptic membrane

Koincidencni detekce:
Adenylyl cyklaza je aktivovana jak  Ca®' channel
alfa podjednotkou G proteinu, tak g‘;*t’lt'l‘li’)‘
komplexem Ca Calmodulin. '

1.Po aktivaci PP zvySena

hladina Ca+

2.Aktivace kalmodulinu
3.Kalmodulin stimuluje
adenylcyklasu

4.\Vyssi hladina cAMP

5. Serotonin z modulacni s. také
stimuluje ACyklazu

6. cCAMP aktivuje PK7
7.Blokace K+ kanald

8.DelsSi depolarizace . e .
9.Delsi influx Ca+ Ty
10.Veétsi vylev mediatoru Serotonin

PP

.o
2+
Q.Ca
F) R

°

Calmodulin

ATP

Receptor
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Molecules of
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Classical conditioning

A Unpaired pathway (CS7)

Siphon

"tail-shocked" /
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Sensory ‘ __/\~ . -
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Koincidencni detekce u plze stejné jako u Drosophily

coincidence detection

Siphon touch Tail shock Olfaclor)‘r cues FOOtSh'OCk
(sensory input) (modulating input) (sensory input) (sensory input)

l | | v

. 24 Gs-coupled receptors
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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
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Fig. 1. Schematic representation summarizing the molecular events
leading to short and long-term memory. CaMKIl, CaMKIV,
calcium-calmodulin-dependent kinases Il and IV: CREB. cAMP
response element binding protein: MAPK. mitogen activated protein
kinase: PKA, cAMP-dependent protein Kinase: N'T, neurotransmitter,



Prestavba pri podminovani i na postsynaptické casti

554 CHAPTER 18

(a) Normal synaptic transmission (b) Induction of LTP (¢) Enhanced synapse, after induction of LTP
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a Encoding and tagging
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Figure 3| The tag-and-manipulate approach to finding the
engram. In this approach, transgenic mice are generated in which
neurons that are active during a memory-encoding event are captured
and tagged. Through the use of immediate-early gene promoters,
these tagged neurons express genetically encoded modulators of
Lactivity (for example, psins),
allowing them to be silenced or activated at later times.
a | During training for contextual fear conditioning, a mouse is placed
in context 1 and given a footshock. This activates widely distributed
1 bles i gyrus, cortex and lat
(LA) and these engram neurons are tagged. b | Follawing training, mice
are returned to their home cage (where they do not freeze). The
engram d be Inactive.
€| When returned to context 1, the mouse shows conditioned fear

(freezing behaviour), showing successful retrieval. This successful
retrieval is assoclated with above chance reactivation of engram
neurons. d| If tagged neurons in the dentate gyrus are optogenetically
silenced when the mouse is returned to context 1, then successful
memory retriavalis blocked, and mice show reduced conditioned fear.
Inhibiting x is sufficient to
decrease reactivation of tagged neurons in the cortex and amygdala.
o] Conversely, artificially activating tagged engram neurons in the
dentate gyrus alone is sufficient to act as amemory retrieval cue such
that mice now freeze in a third, unique context (context 2). Activating
4 is ttoinduce ftagged
neurons in the cortex and amygdala. CeL, central nucleus of the
amygdala lateral division; CeM central nucleus of the amygdala,
medial division; ITC cells, intercalated cells.
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K cemu je to prakticky dobre:

LéeCba poruch pameéti
Zavislosti
Fobii, traumat
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