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Chemickd synapse

Oznaceni ,synapse” pochdzi od
Charlese Scotta Sherringtona (1857
- 1952) v roce 1932 mu byla udélena - ' -
Nobelova cena za fyziologii a 1921 Otto Loewi (1873-1961)
medicinu.
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Definice neuroprenasece

Aby ldtka mohla byt povaZovdna za neuroprenasec
musi splriovat ndsledujici kriteria (Paton 1958) :

Presynapticky neuron musi obsahovat predpoklddanou latku
a byt schopen ji uvolnit

Latka musi byt uvolnéna po stimulaci presynaptického axonu

Aplikace Idtky na postsynapticky neuron
vyvoldva stejny Ucinek jako ma prirozeny neuroprenasec

Plsobeni latky ha postsynapticky neuron musi byt
farmakologicky ovlivhéno stejné jako plsobeni neuroprenasece

V blizkosti synapse musi byt pritomen .enzym®,
ktery neuroprenasec odstrani nebo rozlozi




Chemickd synapse

1 ; — Myelinova
Molekuly meuroprenasece pochva

i

jsou po syntéze
transportovdny do vd¢kd. Extraceluldrni

prostor

[ 51
rlgo
2 | Akeni potencidl prichdzi do ~ « Na* kandl
presynaptického zakonceni.

*Na*

3 Otviraji se napét'ové rizené
Ca?* kandly a Ca?* vstupuje

|_ dovnitr.

Ca?* kandl D
-
- ...
Presynaptické zakonceni = : . N K* kandl
nervové buriky - o=
, — won 7 A S Molekuly
o L) v v ¥
Vzestup koncentrace Ca2* o SN neuroprenasece e

spousti splynuti vacka s
presynaptickou membrdnou.

;\; Synapticka $térbina

= P e S e
NeuropFenadeé difunduje pres I - 2
synaptickou $térbinu a vdze se na =
receptory na postsynaptické UIF o 7
burice. /A Neuroprenase¢ se rozkldda, je
Postsynaptickd transportovan do -
burika ., 6 presynaptického zakonceni,
Receptory s navazanym jinou bufikou nebo difunduje
neuroprenasecem aktivuji pryé ze synapse.

postsynaptickou buriku.
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(v-SNARE) se presouvaji k membrané
nervového zakonceni, kterd obsahuje
syntaxin a SNAP-25 (oba t-SNARE).

Vacky s synaptotagminem a synaptobrevinem

WITC T ConT, Sy ANy
SNJAP-2S (hoth t SN ARES)

POCATECNI FAZE

Synaptotagmin

Synaptobrevin

n-Sec-1

Syntaxin

SNAP-25
SNARE e attachement receptor protein) jsou rodinou asi
60 pr; e pri splyvdni vesikul , exocytoze, lysosomech a

Synaptotagmin

Botulotoxin (klobdsovy jed) je

Clostridium botulinum. Je to moznd absolutné
nejucinnéjsi jed - 100 g by stacilo k vyhubeni celého VY
lidstva. BT - brdni presynaptickym vesikulim, aby
splynuly s membrdnou a uvolnily ACh.

I LE AL EE]

produkovdn bakterii

25 Jsou nyni volni pro dalsi
cyklus splynuti vaéka.




Dendritické trny
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Chemicka signalizace

e Receptor-iontové kandly

e Receptory spojené s trimernimi G proteiny
e Receptory majici enzymatickou aktivitu

e Intracelularni receptory
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Receptory pro heuroprenasece

Tonotropni receptory Metabotropni receptory

GTP GDP-P




Tonotropni receptor

Axon

Akeni
potencidl

Na-driven — Axon
cotransport of
choline occurs. i AkEni

‘ : potencidl

Acetylcholin

| down acetylcholine.

Acetylcholin =5 A
; Na Acetyldiolmstemsebmks | j
16 - -

Kosterni sval

Aktivace
nikotinického ACh
receptoru

Membrdnovd
depolarizace

Akéni potencidl a
excitace

Kontrakce svalu

\Lf J

Aktivace muskarinického
ACh receptoru

Uvolnéni a-GTP + By z
eteromerickych G proteint

[y aktivace K+ kandll

Membrdnova
hyperpolarizace

SniZeni tepové frekvence
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Struktura iontového kanalu

Iontové kandly jsou proteinové struktury tvorici pory,
které umozfuji tok iontl pres plazmatickou membrdnu

Senzor

Membradna

filtr

Selektivni

= =

Branka

3-D rekonstrukce molekuly ACh receptoru
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NMDA receptor

GluN1-1a GIluNZA
GIluN1-1b GluNZB
GluN1-2a GluN2C
GIluN1-2b GIluN2D
GluN1-3a GIluN3A
GIluN1-3b GluN3B
GluN1-4a
GIluN1-4b
Combination function
=756
i
—

_ Extracellular domain (NTD)

- Ligand-binding domain (LBD)

— Transmembrane domain (TMD)

C-terminal domain (CTD)
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Neuroprenaseci aktivované iontové kandly
Jsou obvykle oligomerni komplexy, které se
sklddaji z nekolika podjenotek.

ATP - IK Glutamdtove Cis - loop receptory

receptory

GABA
m f A Glycin

Acetylcholin
JL U

Serotonin
/ / / \\ Konexononé kandly

Tetramer

Trimer
Pentamer Hexamer 16



Alternativni sestrih

Insert \\\ﬁ/\
L~

GluN1-1a
GluN1-1b
GluN1-2a
GluN1-2b
GluN1-3a
GluN1-3b
GluN1-4a
GluN1-4b

GluN2A
GluN2B
GluN2C
GluN2D

NR2A

Kazeta

NR1-1a

@

—— -

pre-mRNA

Sestrih s

Preklad

Alternativni
sestrih
mRNA

NR3A

NR1-1a

NR2A




Membrdnovy potencidl a jeho zmény

== Neuroprenasec

[CI] =15 mM

[CI], =150 MM | +1 nA

o N I I N I B
-100 -80 -60 -40

[Na'], = 150 mM
[Na'] =15 mM

N/

Potencial (mV)

1 [
-20

T T T 7T T 711
20 40 60 80 100

1)

Membranovy
otencial
p -80 mV
-90 mV

-85 mV

.
I

Inhicéni postsynapticky potencial

K], =5 mM -1 nA [Ca®], = 2 mM
[K'] = 150 mM [Ca®] = 10° M
OmV
Excitatacni postsynapticky potencial OmV Depolarizace
(excitacni vliv)

Hyperpolarizace
(inhibi¢ni vliv)
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Tonotropni receptory

@ Excitaéni

@ Inhibi¢ni

Metabotropni receptory

Acetylcholin
Dopamin
Noradrenalin | Aminy

—_

Serotonin
Histamin .

Glutamat . '
GABA Aminokyseliny

Glycin
Puriny
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Metebotropni

receptory

Receptor (R) se skldda ze
sedmi transmembrdnovych
Eésti.

Interakce receptoru s G proteinem

] 5114 o vyvold konformacni zménu a vyménu
. i 2 GDP které je nahrazeno GTP.

20

Navdzdnim ligandu se
receptor aktivuje.

Extraceluldrni
prostor

.
G protein Cytosol
3 G protein se oddéli od 4 a-GTP a Py
podjednotky

‘ receptoru.
2 i) seaese [

a-katalyzovand hydrolyza GTP na
GDP inaktivuje a a propaguje znovu
slouéeni frimeru.

a-GTP i py mohou nyni

5 interagovat s jejich 6
odpovidajicimi efektory

D

Clenové RGS rodiny
reguldtor G proteinu
stimuluji hydrolyzu GTP s
nékterymi, ale ne vsemi
podjednotkami a.




Gs proteiny aktivyji adenylat cyklazu (Gi - inhibuji)

Stimulaéni G-protein

Extraceluldrni prostor

Inhibi¢ni G-protein

Intraceluldrni prostor

Protein kindza A
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6q proteiny aktivuji fosfolipazu

Fostatidylinositol-4,5-bisfosfdt

Diacylglycerol (DAG)

S

Calmoaulin

|
1 j pLC

ca?* - Calmodulin zadvisld protein kindza

Fosfatdza (Calcineurin) s
Protedza (Calpain) 0 B
HO 9y
Endonukledza 3 O=P-0O o
nsphate (IP3) 3

(

O

IP3

IP3 stimuluje uvolnéni Ca?* z ER
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http://upload.wikimedia.org/wikipedia/en/6/61/Phosphatidylinositol-4,5-bisphosphate.jpg

Receptory pro neuroprenasece

Tonotropni receptory Metabotropni receptory

‘ ’ 7-Helix Receptor

AN

Adenyldt cykldza

cAMP \

CAMP | Protein kindza A

N e N\

Excitacni/inhibicni Protein  Protein
postsynapticky
proud/potencidl , : oo o
(EPSC/IPSC EPSP/IPSP) - Jedna molekula druhého posla (cAMP) - reguluje aktivitu rady
(1 - 500 ms) enzymatickych reakci uvnitr: buriky.
Viiv neuroprenasece prietrvdvd dlouho poté co byl z extraceluldrniho
- S - = prostoru (i receptoru) odstranén (sekundy - hodiny)
- Zesileni efektu.

*  Specificita - neuroprenasece, které aktivyji stejnou metabolickou drdhu
mayji v burice stejny efekt (NnGABA a mACh -1 K¥.

- Diversita - jeden neuroprenasec mize aktivovat radu signdlnich drah
100 pA |_ (noradrenalin -1cAMP, | cAMP, PLC).

o0 ms - Celkovy efekt zdvisi na integraci viivu jednotlivych signdld.




Group

Peptidy jako prenasece

Neurotransmitter

} Dense t’:ore -
Wsme‘ &

Metabotropic R

..aktivyji pouze metabotropni receptory

Function
Hypophyseal Vasopressin Vasopresin R Aqgression, depression
Hypophyseal Oxytocin Oxytocin R Stress, anxiety, maternal behavior, aggression, faith, confidence, love
Opioid Corticotropin Corticotropine R CNS
Opioid Dynorphin delta OP1 Analgesia, antidepressive effects, drug addiction, cocaine dependence
Opioid Endorphin kapa OP2 Analgesia, sedative effects, miosa, the main receptor for morphine
Opioid Enkephalin mu_OP3 Analgesia, physical dependence, respiratory depression, euphoria
Tachykinin Neurokinin A NK 2 PNS
Tachykinin Neurokinin B NK 3 Brain development
Tachykinin Substance P NK 1 Vomiting, nhociception
Bombesin Neuromedine R CNS
Gastrin releasing peptide - Stress, circadian rythm, PNS
N-Acetylaspartylglutamate m&IuR3 Nociception
Neuropeptide Y Neuropeptide Y Appetite, circadian rhythms, anxiety
Cholecystokinin Cholecystokinin R Requlation of nociception, anxiety, memory and apetite
Vasoactive intestinal peptide VIP R Circadian rythm
Somatostatin Somatostatin R

GIT
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Kolokalizace neuroaktivnich peptidi a neuroprenasect

Enkephalin

Vasoactive intestinal polypeptide

Calcitonin gene-related peptide
Acetylcholin Substance P

Somatostatin and enkephalin

Gonadotropin-releasing hormon

Neurotensin

Galanin

Cholecystokinin

Serotonin Enkephalin
Substance P and thyrotropin-releasing hormon
Thyrotropin-releasing hormon

Cholecystokinin
Dopamin Enkephalin
Neurotensin

Glutamat Substance P

Cholecystokinin

Enkephalin

Somatostatin

Neuropeptid Y

Substance P

Vasoactiv intestinal polypeptid




Tonotropni receptory

—

Metabotropni receptory

Acetylcholin
Dopamin

Noradrenalin | Aminy
Serotonin
Histamin -

—_

Glutamat . _
GABA Aminokyseliny

Glycin
Puriny
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Acetylcholin (ACh) objeven v roce 1914 Henry H. Dalem

.. jeho udlohu neuroprenasece popsal Otto Loewr

. vroce 1936 dostali oba NC

CH

3

O

o o
D N

O

HO O

n
NH»>
N X
N
o0 "™o «:@

I + -
H,C—N—CH;-CH;-OH HO\P,C_) OH
é:H HO ™y
3
Cholin Acetyl-CoA
Y CH3 - COOH
Acetdt
Cholin acetyltransferdza I Acetylcholinesterdza
O \ /
)'I\O/\/ N
Azl . Vagusstoff"

27



Nikotinicky Ach receptor

17 nACh podjednotek (a4),(p2); CNS

(a3),(B4);

s e ew e
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Motoneuron

Axon -

Synapticky
vacéek

Protonovd
pumpa

Ranvierlv zdrez
1

Presynapticky axon

! 8
.."'\Q.\- . ‘i{\«\ X ’]’
- )
& 7‘5‘\,
3 - g % Bazdlni
) Schwavova N\~ lamina
L2 bnurika - -
e ’ - I
Svalové vldkno /
...... i v

Acetylcholin
(uvolnény)

50-60 nm S He

ACh-H
«  vyménik

7 '5; ")

Choline +
Acetyl CoA

Cholin acetyl-
transferdza

e
\ Acetylcholine

Koncentrace
ACh 150 mM

Presynaptickd
membrdna

Bazdlni
membrdna
50 nm

Acetylcholinov

W y Kl
é receptory . 3§
—

Synaptické
vacky

Postsynaptickd
édst

60 va¢kl se uvolni pri EPSC -

kazdy vdcek obsahuje

10* molekul ACh

Acetylcholin
esterdza

Postsynaptickd
membrdna

—————

Postsynaptickd

—_———

$t'erbina

1.5-4.0 x 107 Ach receptort
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| Botulotoxin (klobdsovy jed) je produkovdn bakterii
Ny Clostridium botulinum. Je to mozZnd absolutné

N nejucinnéjsi jed - 100 g by stacilo k vyhubeni celého
W J/idstva. BT - brdni presynaptickym vesikuldm, aby
WS splynuly s membrdnou a uvolnily ACh.

N

—\ AL
N

O~/ >
F
nI\,__.

i - IuUbOCuUrarin|
= o-Bungarotoxin
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P/?yS'OS'flgm/ﬂe v-_
Physostigma venenosum
Zdravy MG
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- Ach E —
L~ Ach R —]
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http://upload.wikimedia.org/wikipedia/commons/b/b9/Koeh-237.jpg

CH;
. SN
Muskarinické Ach receptory |Hi:C CH,
|| HaC O
Typ G-protein Funkce
M1 Gq EPSP v autonomnich gangl
(Gi) sekrece slinych Zlaz a zalud OH
(Gs): v CNS (pamét?) Muskarin s
Slow EPSP.
M2 Gi zpomaluje srdec¢ni €innost
1 K+ vodivost snizuje kontraktilni silu srdce
| Ca** vodivost v CNS
M3 Gq kontrakce hladkého svalstva
zvySuje sekreci zlaz - slinnyc
v CNS
akomodace oka
vasodilatace S—
zvraceni
M4 Gi zvySena lokomoce
1 K" vodivost v CNS
| Ca** vodivost
M5 Gq v CNS
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Autonomni nervovy systém

CNS

Periferni nervy
a proximdlni ganglia

Cilové orgdny

(hladké svaly srdce a Zldzy)

Parasympatikus

Pregangliové vldkno

W

Sympatikus

Ganglion

N2 nikotinicky

AChR
ACh

W

e

~N

Muskarinicky
AChR

ACh

Ganglion
N2 nikotinicky
ACh R
ACh
i
N\ J

Postgangliové
vldkno

g -
4 N
o hebo b

adrenergni
receptory

NA

Synapse ..en passant”
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PNS - parasympatikus

Parasympatikus - Acetylcholin je
neuroprenasecem jak pregangliovych
tak postgangliovych neurond. Nervy,
které uvoliuji acetylcholin jsou
cholinergni. (Odpocivat a trdvit)

Pregangliové neurony
Mozkovy kmen a micha (52-54)

Postgangliové neurony
Zpravidla ganglia blizko cilové tkané
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Cholinergni prenos v NS

Acetylcholin

Fomix
Cingulate
bundle _

Septal nuclei

Nucleus basalis

Pontomesencephalotegmental complex |

Nervova plasticita - pamet’
Probouzeni
Pozornost

Alzheimerova choroba
(inhibitory cholinesterdzy)
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Tonotropni receptory

—

Metabotropni receptory

Acetylcholin
Dopamin

Noradrenalin | Aminy
Serotonin
Histamin -

—_

Glutamat . _
GABA Aminokyseliny

Glycin
Puriny
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Fenylalaninhydroxyldza (jatra)

Fenylalanin

O OH | Tyrozin
NHz

Tyrozinhydroxyldza

Dihydroxyfenylalanin

Fenylpyruvdtova oligofrenie (fenylketonurie)

Autosomadlné recesivni onemocnéni, které je charakterizovano
poruchou vyvoje mozku

poskozeni mozkové tkdné

oligofrenii

a krecemi

Sympatikus

Noradrenalin

o
---------------------------------------------------------------------

) Fenylethanolaminmethyltransferdza

OH

HO. .
j@/,ﬁ Adrenalin
HN._
HO CH

3
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http://en.wikipedia.org/wiki/File:Catecholamines_biosynthesis.svg

Dopaminergni synapse v CNS

Mozek, striatum, bazdlni ganglia

Dopaminergni heuron

° o Zpétné vychytavani

Postsynapticka ¢dst

Prefrontdlni kira

Dopaminer‘gni neuron

COMT L

Zpétné vychytavani

Postsynaptickad ¢ast

D1
D2
D3
D4
D5

Gas

Gas

Q Noradr'enallnovy transportér
NET
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Odbourdvdni dopaminu

Monoaminooxiddza

MAO

D).

HO. OH 9]
m H.C - m
8] N
HO HO ki

Dopamin |

Katechol- O-metyl transferdza
COMT

3,4-dihydroxyfenyloctova kyselina

[ %]

3-metoxytyramin

Katechol- O-metyl transferdza

COMT

N\
O OH
HiC m
O
HO

Homovanilova kyselina

ﬂ Monoaminooxiddza
MAO
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Lécba Parkinsonovy choroby

Dopaminergni neuron

PET - obraz .Zpe‘rne vychytavani

Normal

v,

Parkinson o -’ m(
e e b
Substancia |’

nigra
ryrharoxyium coca

OH

40


http://upload.wikimedia.org/wikipedia/commons/d/d7/Sir_William_Richard_Gowers_Parkinson_Disease_sketch_1886.jpg
http://upload.wikimedia.org/wikipedia/commons/9/94/DA-loops_in_PD.jpg

Dopaminové receptory

+  Kontrola pohybu

+  Pamét’, pozornost, motivace
*+  Spdnek a probouzeni

»+  Kontrola zvraceni a nauzea

DOPAMIN

Nucleus
accumbens

Prefrontal
cortex

Ventral tegmental area

and putamen
4 ( Substantia nigra >

Caudate nucleus

+  Systém potéseni, agrese, adikce

* Chovani ,patrani po odméné"

*  Anhedonie - neschopnost pocit’ovat potéseni
+  Schizofrenie

*  Bipolarni poruchy

*  Kontrola prijmu potravy

»  Poruchy sexudlniho chovani

»  Socidlni dzkost

*  Bolest

*  ADHD attention-deficit hyperactivity disorder
*  Parkinsonova choroba
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Tonotropni receptory

—

Metabotropni receptory

Acetylcholin
Dopamin

Noradrenalin | Aminy
Serotonin
Histamin -

—_

Glutamat . _
GABA Aminokyseliny

Glycin
Puriny
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PNS - Sympatikus - Noradrenalin

Sympatikus - Acetylcholin je
neuroprenasecem na preganglionickych
neuronech. Na postganglionickych
neuronech je to noradrenalin
(norepinefrin). Nervy, které uvoliiuji
noradrenalin jsou oznacovany
adrenergni. (Lov a obrana)

Pregangliové neurony
Intermediolateral ¢dst michy (T1-L3)

4
[,

Prevertebrdlni a paravertebradlni ganglia

u\

gL [ ]




Autonomni nervovy systém

CNS

Periferni nervy

a proximdlni ganglia

Cilové orgdny

(hladké svaly srdce a Zldzy)

, 4 )
- e Ganglion
arasympatiku R Muskarinicky
N2 nAkCOl:llg‘Cky ACh R
I' E Preganglionické vldkno ACh ACh
1 I
N\ /L ~
. 4 )
Ganglion o nebo b
e adrenergni
Sympatikus NE "Akcop:r 'S'Cky recep’fog"y
ACh Postganglionické NA
* ; vldkno )
| |

Synapse ..en passant”



Fenylalaninhydroxyldza (jatra)

Fenylalanin

o}
HO. o | Dihydroxyfenylalanin
NHg DOPA
HO'

0]
@ NHz

Tyrozinhydroxyldza

, CNS
Dopadekarboxyldza |
H .
HmH? Dopamin
Dopaminhydroxyldza
Sympatikus

OH
HO. X
Noradrenalin
MNHz
HO

!

OH
HO. .
J@/H Adrenalin
HN._
HO CHs

Fenylethanolaminmethyltransferdza

45


http://en.wikipedia.org/wiki/File:Catecholamines_biosynthesis.svg

Noradrenergni neuron

PNS - Sympatikus - Noradrenalin

o ® °
» | MAO
A/A ¢
o)’
. Zpétné vychytavani
$ o o —>

Postsynapticka ¢dst

COMT

Receptor Mechanismus Efekt
al: _ o Vasoconstrikce
G,: aktivace fosfolipazy C (PLC), 1 IP; a 1 Ca Snizena motilita streva
a2: Inhibice uvolnovani inzulinu
Kotrakce sfinkteru
G;: inhibice adenylat cyklazy, |cCAMP SniZené uvolfiovani neuropienadecéu
Zvyseni tepoveé frekvence
B1 G,: stimulace adenylat cyklazy, 1cAMP Zvyseni lipolyzy
B2 Gs: stimulace adenylat cyklazy, 1cAMP Relaxace hladkeho svalstva
B3 Gs: stimulace adenylat cyklazy, 1cAMP

Zvyseni lipolyzy
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Noradrenalin - CNS

Deprese, poruchy ndlady, Gzkost, poruchy pozornosti ADHD

Noradrenalin

CNS Neocortex

MAO ° .- Thalamus
Noradrenergni neuron '
[
o ©® >

“—, Serotoninovy a
° ® noradrenalinovy
transporter

Zpéfné vychy'rdvdnf Hypothalamus
Amygdala”

Hippocamp
% To spinal cord

Cerebellum

Postsynapticka ¢dst

Antidepresiva
(Serotonin-norepinephrine reuptake inhibitors - SNRIs)
Inhibuji zpétné vychytdvani noradrenalinu,

ktery mlze déle (cinkovat na postsynaptickém neuronu
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Tonotropni receptory

—)

Metabotropni receptory

Acetylcholin
Dopamin

Noradrenalin | Aminy
Serotonin
Histamin -

—_

Glutamat . _
GABA Aminokyseliny

Glycin
Puriny
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- i

Uvolriuje serotonin ze synaptickych vacku

Extaze (ecstasy - MDMA - 3,4-methylendioxymetamfetamin)
je nejtypictéjsim zastupcem skupiny tzv. tanecnich drog
(ptvodné vyvinut jako prostiedek k hubnuti na zdkladé potlaceni chuti k jidlu)

MAO

HM

oH | 5-hydroxyTryprore ' ‘.

MH:

|

5-hydroxytryptofandekarboxyldza

V epifyze

H5C -0

HO
| @ rrnnnnananns
HN HN.__CHs

Serotoninovy transporter (SERT) Poymorfizmus tohoto genu mize hrdt roli v: ndhlé
smrti novorozencl, agresivnim chovani u nékterych deganerativnich chorob (AD),
postraumatickém stresu, citlivosti k depresi.

Selektivni serotonin reuptike inhibitory (SSRTI) se uZivaji u psychiatrickych
onemocnéni a to predevsim u obsedantné kompulsivni poruchy.

HMN ©
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B SEROTONIN

Serotoninové receptory

-

5-HT; jsou ionotropni receptory -
slozené z péti podjednotek HT3A -
HT3E - jsou excitalni.

CNS - (zkost
PNS - nocicepce (C vldlkna)

Basal ganglia

5-HT receptor

Typ Iono/l\/ Aopni Mechanismus Udinek

5-HT1 |G, / / Snizuje hladinu cAMP Inhibitory
5-HT2 |Gq Zvysuje IP; and DAG. Excitacni
5-HT3 Depolarizace Excitacni
5-HT4 |G, Zvysuje hladinu cAMP Excitacni
5-HT5 |G; Snizuje hladinu cAMP Inhibicni

5-HT6 |G, Zvysuje hladinu cAMP Excitacni
S5-HT7 |G, Zvysuje hladinu cAMP Excitacni
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ok
Podt b T
FodTypy martabotraop < 1L
- o
1)
N
H
ST 4 HN / .
Receptor B..éfﬂstrlbutlon v/ 11/ Ergafamm
5-HT1A , Cevy zavislost, agrese] Wi AP AE
emesis, pamét’, i~ e Y, Agonista
dychani, % %0 R , 5-HT1A 1B 1D rec
D KRNy S A ' ' ' .
vasokonstrikce , - Migréna, zdstava krvdceni
5-HT1B S zavislost, agrese Ndmel (houba)
sexualni chovani, vasokonstrikce
5-HT1D , Cevy uzkost, lokomoce, vasokonstrikce
5-HT1E CNS, cévy
5-HT1F CNS, cévy vasokonstrikce

5-HT2A CNS, cevy, trombocyty |zavislost, uzkost, chut k jidlu, uéeni, predstavivost, pamét,
Gl tract, PNS, hl svaly |nalada, sexualni chovani, spanek, termoregulace, vasokoncytrikce

5-HT2B CNS, cévy, trombocyty |azkost_chut k iidlii_cinnost kardiovaskuldrniho systemil_snanek

Gl tract, PNS, hl svaly |vaso
5-HT2C CNS, cévy, trombocyty |zavis AHTGQOHiSTé 5HT6 BHT7
Gl tract, PN sexui
5-HT3 zavis
5-HTA zko{ Antipsychotika (schizofrenie) a antidepresiva
5-HT5A lokon| (deprese).
5-HT6 uzko
5-HT7 uzkod~ 51



http://upload.wikimedia.org/wikipedia/commons/c/ca/Claviceps_purpurea.JPG
http://en.wikipedia.org/wiki/File:Ergotamine3.png

Metabotr

i

Receptor ,(fBution
5-HT1A | ,C evy
5-HT1B
5-HT1D , Ceévy
5-HT1E S, céy,
5-HT1F CNS
5-HT2A ey, bocyty
ra S, hl svaly
5-HT2B C evy, trombocyty
ract, PNS, hl svaly
5-HT2C CNS, cévy, trombocyty
Gl tract, PNS, hl svaly
5-HT3 CNS, GI Tract, PNS
5-HT4 CNS, GI Tract, PNS
5-HTSA | CNS
5-HT6 | CNS

5-HT7

CNS, GI Tract, PNS

. O—’ =
'’ / /- N\ OH
| P s O

Yohimbin - antagonista adrenergich, 5-
HT1B, 5-HT1D, 5-HT2A, 5-HT2Ba D2 a

v e agonista 5-HTI1A.

’ =

7 AN =

\‘. ) :\"".‘_ 3
g A\ : f e AL =)
7 e oy R
s
Afrodisiaka

Yohimbin je hlavnim alkaloidem kiry afrického stromu bujarniku -
(Pausinystalia yohimbe).

Hlavnim G¢inkem yohimbinu je rozsireni cévniho systému v oblasti pdnve.
To ndsledné prindsi intenzivni prokrveni penisu.

Yohimbin viak bude mit také jisté Gcinky centrdlni



http://en.wikipedia.org/wiki/File:Yohimbine_structure.svg
http://upload.wikimedia.org/wikipedia/commons/0/02/NAMA_Aphrodite_Syracuse.jpg
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http://upload.wikimedia.org/wikipedia/commons/a/a3/Stanislav_grof01.jpg
http://upload.wikimedia.org/wikipedia/en/d/dd/The_Persistence_of_Memory.jpg
http://upload.wikimedia.org/wikipedia/commons/2/27/Salvador_Dali_NYWTS.jpg

Tonotropni receptory

—

Metabotropni receptory

Acetylcholin
Dopamin

Noradrenalin | Aminy
Serotonin
Histamin -

—_

Glutamat . _
GABA Aminokyseliny

Glycin
Puriny
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Histidin Histamin

O CO:

N N
T = 0

Zirné buriky (mastocyt) jsou schopné ze svych vhitrobunéénych
vdéka uvolfiovat heparin a histamin - vyznam pro alergické
reakce.



http://en.wikipedia.org/wiki/File:SMCpolyhydroxysmall.jpg

H1 receptory jsou aktivovdny histaminem, ktery je uvolfiovdn z neurond, které maji
télav hypo‘ralamu - Ridf spdnek - frekvence AP v bdélém stavu je 1 - ve spdnku se
frekvence AP | aZ zastavuje.

H1 antagonisté antihistaminika - vyvoldvaji ospalost
Histam

Receptor Funkce

« Kontrakce ilea
 Ovliviuje cirkadalni rytmus

o e - Systemova vasodilatace
« Bronchokonstrikce (astma)
« Zrychluje srdecni ¢innost
H2 Gs  Stimuluje sekreci HCI v zaludku

« Relaxace hladke svaloviny
 Inhibuje syntézu protilatek a proliferaci T-bunék

« Neuroprenasec v CNS

H3 Gi « Presynaptické autoreceptory

Chemotaxe Zirnych bunék

H3 receptor presynaptickymi mechanizmy shizuje uvolfiovdni dopaminu GABA
Ach, noradrenalinu a serotoninu.

H3 receptor je cilem Ikl na I€¢bu poruch spdnku a bolesti ddle pak obezity,
schizofrenie a ADHD
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Tonotropni receptory

Metabotropni receptory

Acetylcholin
Dopamin
Noradrenalin
Serotonin
Histamin

—_

Glutamat . ‘
GABA Aminokyseliny

Glycin
Puriny




Zastoupeni jednotlivych druhd synapsi v ENS

GABAminergni )
Glycinergni Purinergni (ATP)

Cholinergni

Serotonergni

Glutamdtergni
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A METABOTROPNI GLUTAMATOVE
RECEPTORY

Extracelularni prostor

B RODOKMEN METABOTROPNICH
GLUTAMATOVYCH RECEPTORU

mGIuR5
mGIuR1

mGIuR3

mGIuR6
mGIluR4

mGIuR8

C IONOTROPNI GLUTAMATOVE
RECEPTORY

Glutamat
vazajici
domena

Kandl-tvarujici
domena

D RODOKMEN IONOTROPNICH
GLUTAMATOVYCH RECEPTORU

Kainate-type
subunits

mGIuR7 GIuR3
GluR4
GIUR2 GluR1 DINDA YO
subunits
AMPA-type
subunits

NMDAR1

NMDAR2A
NMDAR2B

NMDAR2C
NMDAR2D
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Tonotropni glutamdtové receptory

Family

Subunit Gene

AMPA
GluAl
GluA2
GluA3
GluA4

Kainate
GluK1
Gluk2
Gluk3
Gluk4
GlukKb

NMDA
GluN1

GIluN2A
GluN2B
GluN2C
GluN2D
GIuN3A
GIuN3B

GRIA1
GRIAZ
GRIA3
GRIA4

GRIK1
GRIK?2
GRIK3
GRIK4
GRIK5

GRIN1

GRINZA
GRINZB
GRINZ2C
GRINZD
GRIN3A
GRIN3B

Chromozome

5q33

4q32-33
Xq25-26
11q22-23

21q21.1-22.1
6q16.3-q21
1p34-p33
11q22.3
19q13.2

9q34.3
16p13.2
12p12
17q924-q925
19q13.1qter
9q31.1
19p13.3

Glutamic acid

AMPA

(a-amino-3-hydroxyl-5-methyl-4-

isoxazole-propionate)

Kainate

NMDA
N-methyl-D-aspartate
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Metabotropni glutamatové receptory

i . m
Skupina | Receptor Gen Chromozom Efekt
MmGIuR; GRM1 6g24 Vzestup [CaZ+]i
1 MGIuRs GRMb5 11914.3 | Aktivace K+ kanu
mGIuR, GRM2 3p21.2 Inhibice adenylat cyklazy (snizeni cAMP)
2 MGIUR; GRM3 7921.1-g21.2
MGIUR, GRM4 6p21.3
mGIuR;  |GRMb6 5035
MGIuR; GRMY 3p26-p25

3 MGIURg GRM8 7931.3-932.1 | Aktivace Ca2+ kanalt

Umami je vedle ¢tyr zdkladnich (lidskych) chuti (sladkad, horkd, sland a kyseld) patou chuti. Ndzev je
odvozeny z japonstiny (umari, Cesky chutny, delikdtni). Specificky chut'ovy receptor pro umami taste-mGluR4
byl objeven v roce 2000 a vnimd v jidle obsaZzenou aminokyselinu kyselinu glutamovou nebo jeji soli.



Aktivace NMDA receptoru

Glutamadt

~~~~~

Depolarizace
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Ketamin

Farmakologie NMDA receptoru o“
NH
CHs

Glutamadt ——
’ Ifenpr'odil
NMDA 1 k 14 ¢
| Dolyaminy Ne ompefitivni
Koagonista — o . antagonista
Glycin
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O

AMPA/kainatovy
receptor

NMDA receptor

AMPA receptor EPSC

NMDA receptor EPSC

|0.1 NA
400 ms
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Kolik molekul neuroprenasece je v blizkosti
jonotropniho receptoru behem synaptického prenosu?

6.5 nm

Koncentrace neuroprenasece = 1 mM

-~
&
™~

Avogadrovo Cislo = 6 . 1023

V = 1000 nm3
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Kolik molekul neuroprenasece je v blizkosti ionotropniho
receptoru béehem synaptického prenosu?

< > Odpoved':
Jedna molekula (0.6)

6.5 nm
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Jakou drdahu urazi molekula neuroprenasece za 1 ms?

Diflze a Brownlv pohyb
A o

6.5 nm
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Jakou drdhu urazi molekula neuroprenasece za 1 ms?

1 mm

N
Vv

Odpoved':

1 pm

~—
-
-
——
-

8 nm

A L LT g
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Presynapticky neuron
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Excitotoxicity
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Dlouhodobd potenciace synaptického prenosu L TP

Experientdlni uspordddni

Hipokampus

Potkani mozek

Schafferovy
kolaterdly (z CA3
neurontl

CA3 neurony S

N1
= ‘@ g
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CAl

C neuron
\ S
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< 5 CAl neuron bez
E . 4 depolarizace
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NMDA receptory a intraceluldrni Ca®*

Glutamadt 2 s ' 80s

it

” - 100 mM Glutamate

Neurons

1.00 H Glia
0-95 T T 1 1 T T 1

0 20 40 60 80 100 120
Time (s)




Cesty, které vedou k poskozeni bunky

C a.2+
Glutaméat NMDA receptor

Endonukleaza Fosfolipaza Proteaza Ca-vazici proteiny  PoSkozeni
l (Fosfolipaza A2)  (Calpain) (Calmodulin) mitochondrii

l l l |

Degradace Arachidonova Rozpad NO Synthaza | ATP
DNA kyselina cytoskeletu

VolIné radikaly j

S

Cell death




Glutamate and Alzheimer dementia

ALY £ WAEA

? Pathology

Tonic increase in the extracellular glutamate concentration

Excesive activation of NMDA receptors

Neurodegeneration

In: hippocampus,

nucleus basalis Meynerti,
amygdala, cortex

Functional changes
of glutamatergic neurons

Alzheimer dementia




Pathology in the ‘glutamatergic” system

Prominent neurodegeneration

Other

* Alzheimer's disease
» Consequences of head stroke
» Traumatic lesion of the brain
» Parkinson’s disease

Tardive dyskinezia
* Huntingtons disease
* Amyotrophic lateral sclerosis

» Olivopontocerebellar degeneration
* AIDS

* Epilepsy

- Anxiety

» Depression

- Schizophrenia
- Chronic paih

- Drug addiction

* Alergic encephalomyelitis




Selected de novo GRINZB variants and their phenotypic characteristics

GIluN2B | Genotype Phenotype Age of Source
mut. . onset
P553L | c.1658C | ID, hypotonia Early (de Ligt etal., 2012)
postnatal
V5581 | c.1672 ID - (Hamdan et al., 2014)
(\_L/ (Lelieveld et al., 2016)
W607C c.1821(\_|‘ ID, DD, dysmorphic - (Yavarna etal.,, 2015)
‘/ features
N615I c.1844A | /| WS, ID (d-| 7 weeks (Lemke etal., 2014)
V618G c.1853" /| ID, WS, Epi- 4 months | (Lemke etal, 2014)
encephalopati
S628F c.1883\_L/ ID, DD, Epi- - (Platzer etal,, 2017)
" | encephalopathy
E657G c.19704 1 ID,DD - (Platzer etal., 2017)
G820E c.2459¢ | ID, microcephaly Early (Hamdan et al., 2014)
#ostnatal
G820A | c.2459I »| ID, DD, DMD, E{_-l ASD£ (Platzer etal., 2017)
M824R | c.24717 ¥ .| ID, DD, microcephaly, Jmonths | (Zhu et al, 2015)
‘l/ Rett-like picture, Fi
activity og EEG é y I
L825V | c.2473T>G | ASD ‘ ‘ - (Awadalla etal,, 2010)
| (Swanger et al.,, 2016)

ID - intellectual disability; DD - developmental delay; WS - West symdrome; Epi - epilepsy and/or seizures,
infantile spasms; ASD - Autism Spectrum Disorder; DMD -Dyskinetic movement disorder; ES - epileptic
spasms; GVL - generalised cerebral volume loss



Tonotropni receptory

Metabotropni receptory

Acetylcholin
Dopamin
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—_
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Puriny
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GABA receptory

H N\/\)J\
° OH

GABA, receptory - ionotropni receptory

GABA; receptory - metabotropni receptory
° GABABl
° GABABZ

Snizuji aktivitu adenyldt cyklazy
(snizuji Ca?* vodivost a zvysuji K*)

Nékteré dcinky alkoholu jsou zprostredkovany GABA, receptory
Bolest
Vyvoj CNS
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Tonotropni GABA , receptory

a (alfa) podjednotka (6) GABRA1, GABRA2, GABRA3, GABRA4, GABRADS, GABRAS
B (beta) podjednotka (3) GABRB1, GABRB2, GABRB3
v (gama) podjednotka (3) 6ABRG1, GABRG2, GABRG3
d (delta) podjednotka (3) GABRD
¢ (epsilon) podjednotka GABRE

7 (pi) podjednotka GABRP 19 podjednotek
O (theta) podjednotka GABRQ
p (rho) podjednotka GABRR1, GABRR2, GABRR3 (ty se v3ak nespojuji s GABRA - Q

podjednotkami, ale homooligomerizuji se navzdjem a vytvdreji
GABA ,-p receptors (drive GABA. receptory) - Viyskytuji se v
sitnici.

Cys-Cys
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http://upload.wikimedia.org/wikipedia/commons/0/06/GABAA_receptor_schematic.png

Tonotropni GABA , receptory

000000008

booooooocosocon

extracellular

S ggaeeeaaag

GABA , receptory jsou tvoreny péfti
podjednotkami - vzdy obsahuji a a p
podjednotky - nejcastési podjednotkové
slozeni je ayp,y

Barbituraty
Diazepam (Valium)
Ethanol

Inhalacni anestetika

(vliv anxiolyticky, hypnoticky)

B IPSPIN PRESENCE

A IPSP OF PENTOBARBITAL
‘Pulse of GABA ‘Pulse of GABA
Change o meicee—ll abe
in Vi,
(mV})
-10
0O 40 80 120 0O 40 80 120
Time (msec) Time (msec)
D GABA+
C GABAALONE PENTOBARBITAL
" Closed Closed
Single- 2
channel B \\\\
current 5 "" J | 1 |
(PA) ™ I‘“Uljui w
openM open‘é"/
0 10 20 30 40 50600 10 20 30 40 50 60
Time (msec) Time (msec)



http://upload.wikimedia.org/wikipedia/commons/4/46/NAchR_2BG9.png

Tonotropni receptory

Metabotropni receptory

Acetylcholin
Dopamin
Noradrenalin | Aminy

—_
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Tonotropni glycinovy receptor

O
OH

a-podjednotka (a;_4) GLRAL GLRAZ, GLRA3, GLRA4
(vdaze glycin)
B-podjednotka (GLRB)

Glycinovy receptor se sklada z péti podjednotek

Iontovy kandl je propustny pro Cf

Tento typ receptoru je exprimovan predevsim v mise

Existuji jak Cisté glycinergni synapse tak smisené glycinergni a
GABAergni
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Farmakologie glycinového receptoru

Strychnin

Strychnos nux-vomica L
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Tetanus

Clostridium tetani.

Muscle spasm
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Tetanus - generalized muscular spasms

B |
The toxin act by selective cleavage

At the presynaptic

4 inhibitory motor nerve of a protein component of synaptic
) : vesicles, synaptobrevin II, and
_en dings, and is taken up this prevents the release of
into the axon by GABA/Glycine
endocytosis. GABA
Ei
Motoneurone

The effect of the
toxin is to block
the release of

inhibitory

neurotransmitter

s glycine and It is transported within the axon and
gamma- across synaptic junctions until it
Aminobutyric acid reaches the central nervous system
(GABA)

{ 1 The tetanus toxin initially binds to peripheral nerve terminals.
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Tonotropni receptory

Metabotropni receptory

Acetylcholin
Dopamin
Noradrenalin | Aminy

—_

Serotonin
Histamin .

Glutamat . _
GABA Aminokyseliny

Glycin
Puriny
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Purinergni receptory

ATP'r
H,N
—N
N
6o 9 9 P\
N
0—P—0—P—0—P—0 N
| | _ 0
O O @)
OH OH

extracellular domain

Purinergni receptory

Tonotropni receptory -
(P2X1 - P2X7)

hetero nebo homotrimery; kandl je propustny pro Na*/Ca?*

CNS i PNS

moduluje srdecni ¢innost, tonus hladkych svalovych vidken cév, nocicepce)

Metabotropni receptory -

(P2Y1 -P2Y15; jen nékteré u clovéka, t Ca2+ nebo 1| cAMP
CNS? PNS pravdépodobné spoleéné s noradrenalinem)
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http://en.wikipedia.org/wiki/File:SchematicP2XRSubunitV2.png

Brain

Figure 1: Whole-brain, neuron-level light-sheet imaging in larval zebrafish in vivo.

a ; b

30 ms per image (5-ms exposure)

—
1.3 s per brain volume

"high-speed light-sheet microscopy”

Zebra fish brain (Danio pruhované; zebra fish) contains
about 100,000 neurons

Do cns byly vneseny geny, které umoznuji pozorovat
synaptickou aktivitu jako drobny zdblesk

o1



a live activity map for an entire zebra-fish brain

frontal view

< Ventral

Dorsal >

lateral view

dorsal view
0.000s




a live activity map for an entire zebra-fish brain

< Ventral Dorsal >
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Deékuji za
pozornost
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Dekyji za pozornost

i

,_,“:’, Ay The J(m Ache__

ERTE @,&M’ y,gu:‘.':.‘.'
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http://upload.wikimedia.org/wikipedia/commons/4/46/Cruikshank_-_The_Head_Ache.png
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