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OSNOVA:

» Receptory sprazené s G-proteiny (GPCRs)
 GPCRs a jejich napojeni na iontové kanaly
* GPCRs a jejich napojeni na enzymy

* Role druhych posli

* Receptory sprazené s enzymy

e Cytoplasmatické kinazy
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RECEPTORY SPRAZENE S G-PROTEINY (G protein-coupled receptors, GPCRs)

e 7xtransmembranova a-helix doména (H1-H7)

e 4x extracelularni segment (E1-E4)
E3 E4

e 4x cytosolicky segment (C1-C4 Exoplasmic face

ytosolicky segment (C1-C4) a g g e
* N-konec extraceluldrné
H3||H4| |H5]| [H6| [H7

g ;’C_— clolon

C3 G protein
interaction

e (C-konec intracelularneé

Cytosolic face
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RECEPTORY SPRAZENE S G-PROTEINY (G protein-coupled receptors, GPCRs)

B-adrenergic receptor

Exoplasmic face

* Nejvétsi skupina receptord u eukaryot (lidsky genom = 800) HaNe
* Vazba malych molekul, peptidl, proteint
* Receptory: vidéni, chuti, viini, pro neurotransmitery, pro hormony Menteans

* Rychlé zmény bunécnych funkci i zména genové exprese

* Hormon/ligand vazajici doména — extraceluldrné nebo v membrané
e Aktivovany receptor po vazbé ligandu aktivuje asociovany heterotrimericky G-protein
* Interakce pomoci C3 a C4 cytoplasmatickych region(

* G-protein interaguje s efektorovym proteinem vazanym na membrané
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(A) Ligand-gated ion channels

’ ’ ’ Tone ﬁ[ gliz\érsotransmiﬂer:
NAPOJENI GPCR NA IONTOVE KANALY it
(#) (®) o
H v_ v Jé . s . s \f N /'_»\'i : ') g:::;lel
POZOR! - nejde o receptory sprazené s iontovymi kanaly, kdy se CH ¢ ?—
kanal otevira po navazani ligandu, popsané pro nékteré e it RARARARR
neurotransmitery (napfr. acetylcholin na synapsich) | , [ Insidecel
AN
El lons flow

| across membrane

(8) G-protein-coupled receptors

* Komplikovanéjsi prenos signdlu — pres G proteiny

» Aktivuji Na* nebo K* kanaly/pumpy ® Bl Neurotransmitter
binds
7 L4 7 7 7 /, -
* Ovladaji zapnuti/vypnuti funkce kanalu ) s
, . mitter o P e
* Regulovany receptory pro neurotransmitery “"(f“ @) D
= Effector protein | 1
J lons flow |
* Pfima regulace: i ) It s !
napf. muskarinovy acetylcholinovy receptor v srdecnich burkach \ /;,Y.EE&& | |
=" Lo{ N
G-protein =" . ST w Boon |
* Nepfima regulace: v \W Sk |
Navic role druhych poslQ, napf. rhodopsin v ty€inkach v oku 8 Gorotn s TN Goprotein subwlt of \,{m
Bl o hlpoc i

GPCR (G protein-coupled receptor) = receptor spfazeny s G-proteiny
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PRIMA REGULACE IONTOVEHO KANALU G PROTEINEM Apstylshsling it ekl

s

Exterior + +
* Muskarinovy acetylcholinovy receptor
* V burnikach srdecni svaloviny oriese
* Aktivace receptoru -> transdukce signalu dimerem G, Qfé'tvy?c;?;i?,fj’r';‘gipm, :
* Otevreni K* kandlu -> eflux K* -> hyperpolarizace membrany . GDP
* Zpomaleni Cinnosti srdce R e 2

e Dalsi agonista = muskarin

* Houbovy toxin (strmélky, vlaknice, m. Cervena)

* Antagonista = atropin

* Toxin ruliku

e Zrychleni ¢innosti srdce

Amanita muscaria Atropa bella-donna
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NEPRIMA REGULACE IONTOVEHO KANALU G PROTEINEM — RECEPTORY PACHU

* Lidé - schopnost vnimat 10.000 pacht, 350 druht ¢ichovych receptorl = 350 druht ¢ichovych neuron
* Olfaktorické (Cichové) neurony exprimuji na povrchu cilii olfaktorické receptory sprazené s G proteiny
* Aktivace G proteinu (G,;) -> aktivace adenylatcyklazy -> TN cAMP

cAMP otvira Na* kanaly -> depolarizace membrany -> vznik vzruchu

modified cilia

i 4 42;’ 1‘.“ |
o Y i olfactory neuron
4 Y A
= "/ | ———supporting cell
il W ik \ \
. i ‘ i \ basal cell
iy — .
! /4 basal lamina
y / @ ——axon
(A)
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NEPRIMA REGULACE IONTOVEHO KANALU G PROTEINEM — RECEPTORY SVETLA

£ discs of
&L photoreceptive
outer i membrane

segment

* Vnimani: slabého svétla — tyCinky / barevného svétla — Cipky

« RHODOPSIN = s G proteinem sprazeny receptor svétla v tyCinkach

plasma
membrane

inner |
segment

sitnici oka
* Navazany na membranové disky vnéjsiho segmentu tycinky (40 x 10°

/ bunka)

11-cis-retinal

@y ¢ Obsahuje protein OPSIN — struktura 7 transmembranovych domen
ik, * RETINAL = svétlo absorbujici pigment — vazba na opsin

* TRANSDUCIN = G protein

rgy)

synaptic
region

ne response (linear enel

ed cor

_

400 450 500 550 600 650 700
Wavelength (nm)

%%% « Cipky —u lidi 3 druhy, r@izné fotopsiny (modra, zelena, 7lutd)
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NEPRIMA REGULACE IONTOVEHO KANALU G PROTEINEM — SIGNALIZACE VIDENI

11-cis-retinal moiety
A

e Signalem je foton -> konverze 11-cis-retinalu na all-trans-retinal ->

Lysine side chain

* konformacni zména opsinu -> aktivace G proteinu Lt oh—

Ir—
T—=+

Rhodopsin

* G, podjednotka aktivuje cGMP fosfodiesterazu (PDE) -> hydrolyza cGMP

Light-induced
isomerization

7 7 7 . 7 7 + (<10~2 )
* Klesa koncentrace cGMP vazaného na iontové kanaly H :
AII-trans-rit\inal moiety
e Zaviradni kanalt v plasmatické membrané -> prechodna hyperpolarizace : tans
HsC CHj CHs CHs
1 C=N—{(CH,),— [T

* Souhrnné: svételny signal ===> zména elektrického signalu

Meta-rhodopsin Il
(activated opsin)
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Light
Cytosol

Disk membrane

Disk lumen
Inactive Active
PDE PDE Rod
— 5 ——— plasma
a . membrane
m 4 U T
g P P
5
M5
cGMP GMP

6|
L
cytosocl)i\(’:v C? Na*

cGMP(e) C— — Ca%

Closed cGMP-gated
ion channel

Guanine (less neurotransmitter released)

H High Dark-adapted
cytosolic state

6 cGMP
8] GTP Cyclic GMP 5'.GMP (®) 2 é Na*

@ Ca2
Open cGMP-gated
ion channel
{more neurotransmitter released)

o
O—v—0—9—0—1=0
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Bez svétla: - @ %E%
* Membranovy potencial tyCinek relativné vysoky -30mV Ig}' inactive g sctivated
% T rhodopsin rhodopsin
© Ostatnineurony-60 az-50mV et | L83 Lcaonchamnets L6552 11 caton channe
* Probih3 signalizace druhym poslem cGMP O ive) B open g closed
» Stalé otevreni nespecifickych kanalt pro Na* a Ca?* E

* |nflux kationt( -

inner

, . . , cell cell
* Membrana je dopolarizovana segment

depolarized hyperpolarized

* Soustavna sekrece neurotransmiteru -
nuclear

* Nepretrzita stimulace neuronu v synapsi region O
synaptic
v region high rate of low rate of
Za svetla: (signals to transmitter transmitter
neurons release release
* Neprobiha signalizace druhym poslem cGMP in retina)

» Zavrieni nespecifickych kanalt pro Na* a Ca?*

« Membrana je hyperpolarizovana

4]
EBE
),

* Velmi nizka sekrece neurotransmitert LIGHT
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Soucinnnost nékolika mechanismU pro ukonceni signalizace PDE PDE

Inactive < /\ Active
G G i~
D T
P P

Hydrolyza GTP na G_, -> konec aktivace cGMP fosfodiesterazy -> *cGMP E!m

Pokles Ca?*iontl -> stimulace guanylatcyclazy -> TNcGMP

Aktivace rhodopsin kinazy -> fosforylace rhodopsinu -> vazba arrestinu

Amount of time in light

RN

Cytosol @

Amount of c
activation of Gyt ||]]]

Full
activation activation

Rekonstrukce signalni drahy — priprava na pfrijeti dalsiho signalu

e Konverze all-trans-retinalu na 11-cis-retinal -> spojeni s opsinem

e QOdstranéni arrestinu z rhodopsinu
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CYKLICKY ADENOSINMONOFOSFAT (cAMP) JAKO DRUHY POSEL

* Syntéza cAMP z ATP: adenylatcyklaza (inducibilni)

« Sté8peni cAMP na AMP: cAMP-fosfodiesteraza (konstitutivni)

* CcAMP je rozpustny ve vodé, snadno difunduje cytosolem

* Rychly nardst (az 20x/s)

* Regulace metabolismu cukr( a tukd, syntéza a sekrece hormond,

svalova kontrakce...

time 0 sec

time 20 sec

+ serotonin

(A) L1 (B)
20 pm

Neurony reagujici na serotonin. Signalizace zvySuje koncentraci
cAMP. Detekovano pomoci fluorescenéni sondy.

NH,
{1
O O 0O /J
i I N™ N
0-P-0-P-0 —E'—r:r—{:H2 0
o O O =i
OH OH
adenylyl

cyclase
N N
T { ] B
pyrophosphate M
r CH O
Pi+P /

CAMP

cyclic AMP H,0 NH,
phosphodiesterasa Nﬁ
{1 )



GPCR SPOJENE S ADENYLATCYKLAZOU

* Navazani ligandu na receptor -> aktivace G proteinu -> aktivace adenylatcyklazy —>
* TNcAMP —> aktivace kindzy (proteinkindza A) —> fosforylace cilového proteinu

* Funkce zavisi na receptoru a typu G proteinu

(a)

Adenylyl cyclase

Exterior

* U savcl > 30 GPCRs aktivujicich G, a adenylatcyklazu

* Bunky exprimuji jeden i vice typu soucasné

domains

activated

adenylyl cyclase (b)

Exterior

activated a
subunit of
stimulatory G plasma

protein (G,) membrane Membrane
/

signal molecule

a3-B5 loop

CYTOSOL

activated GPCR

[ Cyclic AMP

Adenylyl cyclase
catalytic fragments

GTP

Switch Il
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REGULACE AKTIVITY ADENYLATCYKLAZY

e Zavislost na aktivaci prislusného receptoru a G proteinu

* Regulace mezi aktivaci a inhibici adenylatcyklazy

G, Class Associated Effector 2nd Messenger Receptor Examples
G Adenylyl cyclase cAMP (increased) B-Adrenergic (epinephrine) receptor;
receptors for glucagon, serotonin, vasopressin
Gy Adenylyl cyclase cAMP (decreased) a,-Adrenergic receptor
K™ channel (Gg, Change in membrane potential Muscarinic acetylcholine receptor

activates effector)

Goolf Adenylyl cyclase cAMP (increased) Odorant receptors in nose
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PRIKLAD AKTIVACE/INHIBICE ADENYLATCYKLAZY

* Bunky tukové tkané exprimuji rizné GPCR regulujici adenylatcyklazu
* Adrenalin, glukagon, adrenokortikotropni hormon —> stimuluji adenylatcyklazu —> rozklad tuk

* Prostaglandin E a adenosin —> inhibuji adenylatcyklazu —> rozklad tukd neprobiha

Stimulatory [ Epinephrine Inhibitory [ PGE;
hormone Glucagon hormone | Adenosine
l ACTH |
° @
Exterior Adenylyl on of
cyclase &
Cytosol
Receptor for P P Receptor for
stimulatory C 3 g ,inhibitory
hormone Stimulatory Inhibitory hormone
G protein cAMP G protein
complex complex
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Hormony zprostredkovana signalizace regulovand cAMP

* Siroké spektrum bunéénych odpovédi

* Genetické defekty v G, podjednotce —> snizena odpovéd na hormony —> metabolické abnormality

TABLE 15-1

Target tissue Hormone Major response

Thyroid gland Thyroid-stimulating hormone (TSH) | Thyroid hormone synthesis
and secretion

Adrenal cortex Adrenocorticotrophic hormone Cortisol secretion

(ACTH)
Qvary Luteinizing hormone (LH) Progesterone secretion
Muscle Epinephrine Glycogen breakdown
Bone Parathyroid hormone Bone resorption
Heart Epinephrine Increase in heart rate and

force of contraction

Liver Glucagon Glycogen breakdown
Kidney Vasopressin Water resorption
Fat Epinephrine, ACTH, glucagon, TSH | Triglyceride breakdown
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cAMP AKTIVUJE PROTEINKINAZU A (PKA)

e PKA —hlavni cil pro cAMP, v neaktivnim stavu heterotetramer

* 2x katalyticka podjednotka, 2x regulaéni (inhibi¢ni) podjednotka

AKAP Dimerization/docking
binding . domain

Pseudosubstrate

o domain that binds
N~ to catalytic site

y N CNB-A
Flexible” \ / ‘<f)/
1 . © .

* Regulacni podjednotky vazi A-kinase anchoring proteins (AKAPs)

e AKAPs —vazbou na cytoskelet nebo organely urcuji bunécnou lokalizaci PKA

} Iy‘\.\ /Iinkers
X

Pseudosubstrate \\\7 |
domain that binds ——> N\

* Povazbé cAMP na regula¢ni podjednotku —> zména konformace —> uvolnéniz e gs | A
CNB-A— ;

£ N

komplexu £ 'R

ik

» Katalytické podjednotky se fosforyluji a ndsledné aktivuji (fosforyluji) cilové CNB-B—\NS® | @ Conformationa
. . , . o\ bindivg Inactive inhibitory
proteiny s typickym motivem (Arg-Arg-X-Ser/Thr) __th CAMP bound
cAMP
. Catalytic
cyclic AMP cAMP-binding ;pbcthnit
. . domains Igitieng ¢
B .. G : s ko
. | ® 0" N} onimmaiaat
. ml) ound ¢
inactive
PKA +
® Struktura regulacni podjednotky
5 / o
regulatory inactive complex of
subunit catalytic cyclic AMP and active catalytic

subunit regulatory subunits  subunits Bi7005 Bun&&né regulace / 02 / 2. 10. 2024



activated
adenylyl cyclase

POMALA ODPOVED NA cAMP Subunitof
stimulatory G plasma
protein (G,) me;nbrane
v v d v i’/ v 7 . e . g
* Bunécna odpovéd v radu minut az hodin cYTOSOL
s .
e Regulace genové exprese activated GPCR &
cyclic AMF’.... p [ ]
» Aktivovanda PKA fosforyluje jaderny protein CREB (CRE-binding) . Dl
A{ L
. . . [
* pCREB vykazujte DNA vazebnou aktivitu
inactive PKA 'f activated
. ’ N PKA
* Vazba na CRE element (cCAMP responzivni element) ’
v v v 7 . . v ’ . . CYTDSOL
e Spolecné s dalSimi transkripcnimi faktory + RNA Pol Il —> transkripce
NUCLEUS /
4 . . ’ v ’ nuclear pore , activated PKA
Priklady signalizaci s pomalou odpovédi na cAMP
activated, phosphorylated CREB
* Jatra - syntéza proteinl pro glukoneogenezi CREB-binding 40 | inactive CREB
protein (CEP) - Z activated target gene -
* Mozek - uéeni a pamét  —— =
cyclic AMP response l
element (CRE) GENE TRANSCRIPTION
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DOWN REGULACE SIGNALIZACE RIZENE cAMP

* Pomoci riznych mechanismu na rGznych drovnich signdlni drahy

e Uvolnéni hormonu z receptoru

* Desenzitizace receptorl kindzami

* Endocytdza receptoru

* Hydrolyza GTP na G, podjednotce

* Hydrolyza cAMP pomoci cAMP fosfodiesteradzy (PDE)

[
Basal PDE activity = Increased cAMP: PDE phosphorylation
resting state PKA activation and activation; reduction
in cAMP level

Outer nuclear membrane

$ |

4 Return to resting state

Priklad regulace sighalizace pomoci cAMP zpétnou vazbou

jaderna membrana kardiomyocytu

* Protein AKAP (A-kinase anchoring proteins) — vaze jadernou membranu, PKA a PDE
e Aktivovana PKA prechazi do jadra a soucasné aktivuje PDE —> snizeni cAMP —> konec signalizace
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INOSITOLTRIFOSFAT (IP;) A DIACYLGLYCEROL (DAG) JAKO DRUZi POSLI

* Obé molekuly vznikaji diky aktivité fosfolipazy C-B (PLCB)

* Aktivace PLCB pres receptor sprazeny s G proteinem tridy G,
* Substratem PLCR je - fosfatidylinositol 4,5-bisfosfat [PI(4,5)P,; PIP, ]

* Lokalizovany ve vnitrni vrstvé plasmatické membrany

E
H
) . ACTIVATES
2 > SIGNAL
8 e PROTEIN KINASE C
& f—o ?—0 f—o f—o f—o ?—O
() o 0 o 0 o 0 o
cu;cu—clu, T cn,bcu—én, T ao,)cn—cn, cu,bcu—éu,
: Pl-4 kinase é PIP-5 kinase (:) (I)N
“0—P=0Q “0—P=0 “0—P=0 Phospholipase C
e iy ! - RELEASES Ca**
HIRCEY) (ol ok © __ FROMTHE
T °® ENDOPLASMIC
Phosphatidylinositol Pl 4-phosphate Pl14,5-bisphosphate 1 0
(P1) e

REUTILIZATION

[PI(4)P] [PI(4,5)P,] R Erl c U l_ U M

%7 Inositol 1,4,5-

<~ trisphosphate

OH OH (1P3)

Phosphatase 0 Pi
; 4 : 4
® ®
Inositol 1, 4-bisphosph

Inositol 4-phosphate
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INOSITOLTRIFOSFAT (1P3)

* Ve vodé rozpustny, difunduje cytosolem do endoplasmatického retikula

* Zde vazba na IP; receptor v membrané retikula

* |P. receptor je membranovy iontovy kanal pro Ca?*

* Po vazbé IP, otevieni kanalu vyplaveni Ca?* z endoplazmatického retikula

* Zvyseni intracelularni koncentrace Ca?* >10x

signal molecule Pl 4,5-bisphosphate
[P1{4,5)P,]

activated GPCR activated plasma
1 phospholipase Cf ,—‘—‘ diacylglycerol meml\]\rane

s v il

T T p N -
s 1::-n_- 'P, P__ —
! d TN
L] . activated
— = (P protein
inositol P kinase C
activated G, 1,4,5-trisphosphate .
protein {IP5) > Ca

P
open IP;-gated
Ca’*release
channel
lumen of

endoplasmic —
reticulum
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DIACYLGLYCEROL (DAG)

Zustava ukotveny v membrané
Aktivuje proteinkinazu C (PKC) —,,C“ jako Ca?* dependentni
Translokace PKC z cytosolu na membranu

PKC aktivovana vapnikem, spojenim s DAG a fosfatidylserinem

Aktivace zpUsobuje fosforylaci

signal molecule

, . , ’ . o i activated GPCR
Nasleduje fosforylace cilovych proteinu R!

activated G
protein

Dalsi stépeni DAG —> arachidonova kyselina (AA)

Rozvétveny metabolismus —> eikosanoidy

AA —> Lipoxygenaza —> leukotrieny
AA —> Cyklooxygendzy (COX1 a COX2) —> prostaglandiny a tromboxany
Cyklooxygendzy jsou cilem nesteroidnich antiflogistik (brufen, aspirin)

Fosfatidylserin na VNEJSI strané
membrany funguje jako ,eat
me“ signal pro makrofagy

béhem regulace bunécné smrti

activated

phospholipase C-f

§

lumen of
endoplasm
reticulum

Pl 4,5-bisphosphate
[PI(4,5)P;]

plasma
membrane
A
activated
protein
kinase C

diacylglycerol

v,
S, |

o
08

&
-

"’:”\

I

R P
inositol

1,4,5-trisphosphate

(1P3)

Ca+

open IP;-gated
Ca’*release
channel

ic

1—_—"“'--.___
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ULOHA VAPENATYCH IONTU (Ca?*)

* Role Ca%*v signalizaci u vSech Zivocich

* V cytosolu udrZzovana nizka hladina volného Ca?* (=107 M), extracelularné az =103 M

* Vapnikové ATP pumpy —> prenos Ca?* do endoplasmatického retikula nebo ven z bunky
* Velky gradient Ca%* vzhledem k cytosolu

» Signal (depolarizace, natazeni membrany, ligand) —> otevreni kandll na membrané

 Signal (druhy posel) —> IP, receptory + ryanodinové receptory —> otevreni kanall z ER

 —>intenzivni zvySeni koncentrace v cytosolu (10x-100x)

Ryanodinové receptory (RyR 1-3)
¢ ZV\Iléenll koncentrace lokalné v burice —> efekt v daném misté - senzitivni na alkaloid ryanodin
- lokalizace na retikulu

* Receptory s funkci kandlu na retikulu jsou citlivé na Ca?* i -
- zavislé na Ca

* Ca?*otevienim kandld 1 konc. CaZ* - pozitivni zpétna smycka - fce jako iontovy kanal




REGULACE BUNECNYCH PROCESU Ca2*

* Chemoatrakce/pohyb bunky
e Kontrakce svalovych bunék
* Exocytdza sekre€nich vackua s hormony nebo neurotransmitery

* Fertilizace oocytu

time 0 sec 10 sec 20 sec 40 sec

100 pm

Vapnik vizualizovany fluorescencni znackou v oocytu.
Lokalizace v misté priniku spermie. Postupné uvolnovani
vapniku z ER. Nasledné kortikdalni reakce oocytu
zabranujici polyspermii.

Vapnik  vizualizovany pomoci
Fura-2 v leukocytu. Lokalizace v
misté kortikalni kontrakce. P¥i
zméné smeéru pohybu, zména
gradientu vapniku.



POZITIVNI A NEGATIVNi REGULACE KONCENTRACE Ca?*

Velmi nizkd koncentrace signdalu

* otevreni malého mnozstvi kanalt na ER

o striktné lokalizované 1 Ca?*, omezena difuze

VysSsi koncentrace signalu

* postupné otvirani vyssiho mnozstvi kanal( na ER

* Vina P Ca?* v cytosolu, pozitivni smycka

Vysoka koncentrace Ca?*

* Inhibuje funkci kanalG na ER
» Aktivuje funkci ATP pump

* Vlna | Ca%* v cytosolu, negativni smycka

Stridani pozitivni a negativni regulace => oscilace signalizace

ER membrane

Q%ﬂwwku%wugﬁ
tﬂs*“tﬁ*\tﬁ*\zﬁ*\:ﬁ*\tﬁ*\t& XY,
@@@@@fﬁ@@ﬁ

1
YRR N R TR AN

1

YRYRYRYRYETRVRY N (W
|

—- YUY
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PRINCIP FUNKCE Ca2* JAKO DRUHEHO POSLA

* (Ca?* interaguje s vazebnymi proteiny

 EF hand” rodina proteini — motiv helix-loop-helix

* nejvyznamnéjsi kalmodulin
v" 1% bunééné masy
v" Tvar &inky — 2 globuldrni domény

v 4 vazebnd mista na Ca%*

caZ+
T NH, H,N
2nm
. (w COOH
Pt

&7 ®

COOH

Ca2+ = |
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CiLE KALMODULIN/Ca%* KOMPLEXU

* Vazba Ca?* na kalmodulin —> konformacni zména —> vazba na cilovy protein

» Zanuti/vypnuti cilového proteinu — fce jako switch protein (@)

* Regulace ruznych enzym( a membranovych proteint EF4
v' Vapnikova ATP pumpa - eflux Ca2*z buriky - negativni smycka (

v' CaM-kinazy (Ca?*/calmodulin dependent kinases) — fosforylace TF

peptide portion
of target protein
(e.g., CaM-kinase)
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ROLE CaM KINAZY Il V NERVOVEM SYSTEMU

INACTIVE

hub domain kinase domain

\( 'ﬂ\ linker
\)
- i
"‘V
regulatory
/ t\-::" segment
' phosphorylation
site

* Vysoka koncentrace v bunkach savéiho mozku

kinase

* Primarné na synapsich
e Struktura: 12 molekul enzymu ve dvou prstencich
* Kinazova doména vné + regulacni segment

(A)

* Fce jako molekularni pamét

» Aktivace Ca%*/kalmodulinem —> autofosforylace kinaz
* UdrZeni aktivity i bez Ca%?*/kalmodulinu
« ,pamétova stopa“ predchoziho Ca?* signalu

* Vypnuti aktivity pomoci fosfataz

(B}

e Uplatnéni v paméti a u€eni savcl

* KO mozkové formy CaM Il u mysi —> poruchy paméti

domain
pops out

—_—
—

INACTIVE

\
-_— Ly

protein
phosphatase P

alo

3
e r
®-f \®

.o

Ca’*-INDEPENDENT
50-80% ACTIVE

s?
I @

+
calmodulin

autophosphorylation .;-
ADP Ca™ +
calmodulin

alo

\ ‘
Ca®* Y >
N e o
calmodulin
o—o W
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ROLE CaM KINAZY Il V NERVOVEM SYSTEMU

* VyuZiti molekularni paméti pro vnimani frekvence Ca2*/kalmodulin signalt
* Prisoucasné pritomnosti fosfatazy a opakovanych Ca?*/kalmodulin signald
» Aktivita CaM Il zavisla na frekvenci signalt
* Nizka frekvence —> opakované stejné nizka aktivita kinazy
* \lysoka frekvence —> vzristajici aktivita kindzy —> postupna autofosforylace vsech podjednotek —>
—> po maximalni aktivaci kindzy mlze frekvence signdll poklesnout - aktivita pretrva
every 20 sec every 2 sec oo
* Uplatnéni v postsynaptickych burikach —>

dlouhodobé zmény v bunééné odpovédi

CaM-kinase Il activity —
CaM-kinase Il activity —w

Cp b f

40 80 sec 0 20 40 60 80 sec

{A) low-frequency Ca* oscillations {B) high-frequency Ca?* oscillations
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Odhaleni role vapniku: Sydney Ringer, 1883

Vliv vapniku na kontrakce izolovanych krysich srdci

Roztok NaCl:
v destilované vodé: slabé kontrakce

A FURTHER CONTRIBUTION REGARDING THE IN-
FLUENCE OF THE DIFFERENT CONSTITUENTS
OF THE BLOOD ON THE CONTRACTION OF
THE HEART. By SYDNEY RINGER, MD., Professor
of Medicine at University College, London. (Plate 1)

AFTER the publication of a paper in the JOURNAL oF PHYSIOLOGY,
Vol. IIL, No, 5, entitled * Concerning the influence exerted by each of
the Constituents of the Blood on the Contraction of the Ventricle,” I
discovered, that the saline solution which I had used had not been
prepared with distilled water, but with pipe water supplied by the New
River Water Company. As this water contains minute traces of
various inorganic substances, I at once tested the action of saline
solution made with distilled water and I found that I did not get the
effects described in the paper referred to. It is obvious therefore that
the effects I had obtained are due to some of the inorganic constituents
of the pipe water.

Water supplied by the New River Water Company contains 2786
parts of solids per million.

They consist of :
Calcium ' 383 per million.
Magnesium 45 "
Sodium 233 "
Potassium 71 ”
Combined Carbonic Acid 782 »
Sulphuric Acid 55'8 »
Chlorine 15 »
Silicates 71 "

Free Carbonic Acid 542 o

v kohoutkové vodé: silné kontrakce (obsah Ca?*)

Sydney Ringer (1835 — 1910)

! Fug. 8. 8.
J/ I':? R /i
NN
s o N NI NI
¥ o AR N Ll f!! ,
Vo n AN R AR R AR 'I |r||| 'il| "!|II'|I:|!=I:'|'I .r;ii-;in:l. |'II._J||'J
[ Y oL (R L oy N ! | | | ! [ f | L by | I
JI ! . I"-J i I'-. / ! Lo I:--"‘ I'- i i s I'-_J' wd b L L_.-' 0] I'.JI IL.! I'l-.l' Ilul MII P oo LY IIHI I"U'
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RECEPTORY SPRAZENE S ENZYMY (enzyme-coupled receptors)

* Transmembranové proteiny, 3 domény

* Extracelularni — vazba ligandu

* Transmembranova — 1x prochazi skrz membranu

* Intracelularni — vlastni enzymaticka aktivita nebo prima asociace s enzymem

« Casto aktivace podobnych drah jako pfes GPCR

* Nejtypictéjsi — receptorové tyrozinkinazy (RTKs)

* Funkce: regulace proliferace, diferenciace, metabolismu, aj.

e Ligandy pro RTK - sekretované nebo na membrané navazané proteiny
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PRIKLADY EXTRACELULARNICH LIGANDU PRO RTKs

TABLE 154

Signal protein family Receptor family Some representative responses

Epidermal growth factor (EGF) EGF receptors Stimulates cell survival, growth, proliferation, or differentiation
of various cell types; acts as inductive signal in development

Insulin Insulin receptor Stimulates carbohydrate utilization and protein synthesis

Insulin-like growth factor (IGF1) |GF receptor-1 Stimulates cell growth and survival in many cell types

Nerve growth factor (NGF) Trk receptors Stimulates survival and growth of some neurons

Platelet-derived growth factor (PDGF) PDGF receptors Stimulates survival, growth, proliferation, and migration of
various cell types

Macrophage-colony-stimulating factor MCSF receptor Stimulates monocyte/macrophage proliferation and

(MCSF) differentiation

Fibroblast growth factor (FGF) FGF receptors Stimulates proliferation of various cell types; inhibits

differentiation of some precursor cells; acts as inductive signal
in development

Vascular endothelial growth factor (VEGF) | VEGF receptors Stimulates angiogenesis

Ephrin Eph receptors Stimulates angiogenesis; guides cell and axon migration
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RODINY RTKs

* lidsky genom: 59 genU (+alternativni sestfih), 20 strukturdlnich rodin

EGFR PDGFR FGFR NGFR EPHR TIE DDR ROS ROR LMR
InsulinR VEGFR KLG/CCK HGFR AXL RYK RET LTK MUSK ?
s 3
ol e "J) [:; EGFD
Z1Z _))leD ) )
2 i 4 K‘ L Ru <J_ S « 1“
“cRp | i) $) EZLRD CadhD :
1 I FNINI AB i
[y ¥l \ 4 DiscD
é ¢ | ' e | P i E B Ij KrinD

EGFR INSR PDGFR-a VEGFR1 FGFR-1 CCK4* TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LTK ROR1 MUSK |RTK106
ERBB2 IGF-1R PDGFR-B VEGFR2 FGFR-2 TRKB RON EPHA2 MER TEK DDR2 ALK ROR2
ERBB3" IRR CSF-1R  VEGFR3 FGFR-3 TRKC EPHA3 TYRO3

ERBB4 KIT/SCFR FGFR-4 EPHA4

FLK2/FLT3 EPHAS
EPHAB

EPHA7
EPHA8
EPHB2 AATYK
EPHB3 VA
EPHB4

EPHB5

EPHB6
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TRANSDUKCE SIGNALU PRES RTKs

* Vazba rustového faktoru/ligandu na extracelulularni doménu

* Pfiblizeni a nasledna dimerizace receptor

* Konformacni zména

* Cross-autofosforylace

e Stimulace katalytické aktivity tyrozinkinazové domény

* Tvorba vazebnych (fosforylovanych) mist pro domény adaptorovych proteint

signal protein
L. EXTRACELLULAR
SPACE
N [ m - CYTOSOL
S s
= -
™ tyrosine = e,
kinase P z
domain th \ =
inactive RTKs trans- trans-

autophosphorylation autophosphorylation
activates kinase generates binding sites
domains for signaling proteins
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PRINCIP AKTIVACE KINAZOVE DOMENY

e Zavisi na typu RTK
* V neaktivnim stavu je aktivacni smycka (activation loop domain) nefosforylovana
a konformacné blokuje kindazovou aktivitu = brani vazbé ATP nebo substratu

A) Staci priblizeni kindazovych domén ve spravné orientaci —> cross-autofosforylace
obou (napf. PDGFR)

B) Pokud je receptor dimerem (napf. InsR) —> po vazbé ligandu soucasna zmeéna
orientace extracelularni i intraceluldarni domény —> cross-autofosforylace obou

C) Kindzova podjednotka je aktivovana konformacnimi zménami diky vzajemné
interakci — ale mimo aktivni (fosforyla¢ni) mista (napr. EGFR)

EGF receptor

Membrane

Juxtamembrane

Asymmetric
segment

| kinase dimer

Acceptor
kinase

N lobe

Activation
loop Donor

C lobe

Kinase
domain

C-terminal tail

immunoglobulin-
like domain

PDGF
receptor,
MCSF
receptor

cysteine- ||
rich
domain —

tyrosine
kinase
domain

EGF
receptor

SS‘ ‘SS
55

[
insulin

© receptor,

IGF1
receptor

Autophosphorylation
sites @
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TVORBA DOKOVACICH MiST PRO INTRACELULARNI SIGNALNiI PROTEINY

* Po aktivaci kinazové domény —> fosforylace dalSich rezidui (Tyr) mimo kinazovou doménu
* Predstavuji specificka mista pro intracelularni signalni proteiny
* Ty obsahuji fosfotyrozin-vazebnou doménu — rozeznavaji p-Tyr a jeho okolni aminokyseliny

* Povazbé na RTK se signalni proteiny fosforyluji/aktivuji

* Fosforylace RTK funguje jako spinac¢ sestaveni intraceluldrnich signdlnich komplex(

* Proteiny v komplexech ur€uji smér transdukce signalu a bunéénou odpovéed’

(A) PDGF

receptor
plasma membrane P

CYTOSOL .
Pl 3-kinase - Py 740 .
I . . (regulatory subunit)| PAlye 751 ?fﬁlc;[sine
— kinase
.I. GTPase-activating P Tyr 771 domain
protein (GAP) .
phospholipase C-y 4 P Iyr 1009
I\ (PLCy) P Tyr 1021

SH2 domains 5H3 domain Bi7005 Bunécné regulace / 02 / 2. 10. 2024



INTRACELULARNI SIGNALNI PROTEINY

* Velké mnozstvi + dalsSi proteiny pomoci protein-proteinovych interakci - role modularnich domén

* Fosfolipdza Cy (PLCy): Stejna role jako pfti aktivaci receptoru s G proteinem — narlst koncentrace
Ca?*a aktivace PKC

* Cytoplasmaticka tyrozinkinaza Src — fosforylace dalSich cytoplasmatickych protein(

» Adaptorové proteiny — aktivace Ras/MAP kindzové drahy

» Fosfatidylinositol-3-kinaza (PI3K) — fosforyluje spisSe lipidy - fosfolipidy dokuji signalni proteiny na
membrané

—> (a) STAT > Transcriptional activation

Receptor — (b) GRB2 or Shc —> Ras —> MAP kinase —> Transcriptional activation or repression

—_— - .
Hormone tyrosine kinase

Transcriptional activation or repression

— (c) Phospholipase C —> E|evation of Ca2+ —> —- :
YRR JAK Modification of other cellular proteins

Cytokine—> :
w receptor kinase

Transcriptional activation or repression

L -3 ki —> Protein ki B —
(drEl:3kinase d2iste Modification of other cellular proteins
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INTRACELULARNI SIGNALNI PROTEINY
Pro vSechny signalni proteiny plati:
* Pritomnost fosfotyrozin-vazebné domény: SH2 (Src homology 2) nebo PTB (phosphotyrosine-binding)

* Pritomnost dalSich vazebnych domén (napt. SH3 —vazba na ,prolin rich“ motiv) — interakce s dalSimi
proteiny - transdukce signalu

* Mozny i tlumici efekt = negativni zpétna vazba, napf. ubikvitinligdza Cbl — katalyzuje ubikvitinaci receptoru
—> endocytdza + degradace v lysozomu. Mutace v genu Cb/ prodluzuje odstranovani - podil na rozvoji
nadorovych onemocnéni

binding site pinding site for
for amino phosphotyrosine
acid side chain

R ’
phosphotyrosine “‘ /

v

H,N COOH

* Endocytdza (spolecné s ligandem) nemusi tlumit signalizaci — pokracuje
Vv jiném bunécném kompartmentu, napr. ligand NGF + receptor TrkA z
konce neuritu presun signalizace pro preziti do centra bunky

* Vyznamnd Ucast adaptorovych proteinli — maji SH2 a SH3 domény —
spojuji RTKs se signalnimi proteiny, které SH2 nemaji (napfr. napojeni na
Ras GTP3azu)

3D struktura SH2 domény
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The Ras Superfamily of Monomeric GTPases

MONOMERICKA GTPAZA RAS NAVAZUJE NA VETSINU RTKS Family Some family members  Some functions
Ras H-Ras, K-Ras, N-Ras Relay signals from RTKs
. .. , , Rheb Activates mTOR to stimulate cell growth
¢ RaS Su pe rrOd INna — SIro ke Spe ktru m regu Ia Cl Rap1 Activated by a cyclic-AMP-dependent GEF;
influences cell adhesion by activating integrins
* Rasa RhO —1tra nSd u kce zmem bra nOVyCh rece ptOI’U Rho* Rho, Rac, Cdc42 Relay signals from surface receptors to the
cytoskeleton and elsewhere
e Ras pFlpojen{/ Nna membrénu |Ip|dOvvm| SkU pinami ARF* ARF1-ARF8 Regulate assembly of protein coats on
intracellular vesicles
* Primarni fce v regulaci TF — fizeni proliferace a diferenciace Rab” | Rab1-60 Regulate intracellular vesicle traffi
Ran* Ran Regulates mitotic spindle assembly gnd
 Driverova mutace v Ras — hyperaktivita enzymu — 30 % nadoru nucear transport of RNAs and proteins

» Rezistentni k GAPs (GTPase-activating proteins) — zamceny v aktivnim stavu s
navazanym GTP
« Standardni aktivace pomoci GEF (guanine nucleotide-exchange factors) —

jejich lokalizace urCuje jakda GTPaza a kde bude aktivovana

“ inactive Ras active Ras

pro’Eein proTcein
L+ | = L
/-> GDP /:
\\P N P,’ GDP \“/' ( GTP e
S Y4 B S
A > > SHo GTP ‘
i et Sos (Son-of less) — homolog RTK
| . GEF domain . os (Son-of-sevenless omolog
# 2 stz | Sev u Drosofily, podili se na vyvoji oka,
/ | PH domain _ . . v
P E— / | mutace = ztrata fotoreceptorové bunky
RTK proline-rich region
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RAS AKTIVUJE MAP KINAZOVOU DRAHU

—
lvs)
—
o
—

* Vlastni aktivace RTKs a Ras rychle mizi (fosfatazy + GAPs)

* Pro dlouhodobé bunécné odezvy - nutné prodlouzeni signalizace
0.05

* Evolucné zakonzervovany MAP kinazovy komplex

x*

EGF added

number of activated
Ras molecules/um?

* Navaznost 3 proteinkindz (serin/threoninovych) > o0 2 4 &

time (minutes)

* MAPKKK -> MAPKK-> MAPK (= Raf, MEK, ERK)

* Spojeni pomoci scafold proteind — zamezeni cross-talku

Stimulus Growth Factors, Stress, GPCR, Stress,

Mitogens, GPCR Inflammatory Cytokines, Growth Factors,
plasn\1a membrane g Growth Factors Mitogens, GPCR
\Viy
g et e €0 N
= Y
GTP A my T . MEKK1,4 )
ns 4 MAPKKK ‘ j i 3
active Ras - % SK1 ~ Tpi2

protein

MAPK BMK1

' { ‘ ' Jiss Biolcl'gical Growth Inflammation, Gmlmh

. . transcription transcription e— A : bl : : . FE
protein X protein Y Gl Response Response Differentiation, Apoptosis, Growth, Differentiation,
®_ ®_ ®_ regulatory ®_ regulatory . Development Differentiation Development

protein A protein B
\ || |
changes in protein activity changes in gene expression
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MAP KINAZOVA DRAHA mitogen

; —— mitogen receptor

* Fosforylované MAPK — zména konformace — dimerizace — aktivita v cytosolu neb Cis | \Raf
translokace do jadra b
MAP kinase \;—_
* Nasledna fosforylace rtznych cilli v€. transkripénich faktor( —> vyvolani bunééné }
od povéd| activation of transcription regulatory protein
CYTOSOL
* Transkripce gen( v€asné odpovédi (early response genes), hlavné transkripcni ? Q
NUCLEUS _ _
faktory (napf. c-fos, c-myc) 1, | el
* Nasledna transkripce gen( stimulujici proliferaci (napf. G1 cykliny) %
* Mitogenni signalizace: rGstovy faktor —> receptor —> MAPK draha —> proliferace l transcription
Myc regulat_ory
e Délka aktivace MAPK drahy urcuje bunécnou odpovéd protein

y

delayed-response gene expression

active

v" NGF —> TrkA —> ERK aktivni x hodin —> diferenciace Gi-Cdk

* Napt. Pisobeni na neurdlIni prekurzor:

v' EGF —> EGFR —> ERK aktivni 5 min —> proliferace
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MAPK/Erk in Growth and Differentation

Integrins

NEGATIVNI REGULACE
MAPK DRAHY

Raptor —» mTOR
Signaling

Fosfatazy:

(erese) * Defosforylace signalnich molekul

* Transkripcné regulované

lon Channels,
Receptors

Late Endosome  Translation 4:.\

Control

\4
| G -J
Cell Adhesion @ S~ Cytoplasmic AR

» Stabilizace proti degradaci

(P07 s O reqis Inaktivacni fosforylace:
- ‘?«‘é" * ERK—> MEK
= —
" A « ERK —>SOS
D ——F e -~@—»
/ 1 / \l * MEK —> Raf
.@... @@
--.. CEm) @) (5176) Gy (st Cver)
P

Y
Transcription Bi7005 Bunécné regulace / 02/ 2. 10. 2024




CYTOSOL

ADJACENT CELL

PRIMA MEZIBUNECNA SIGNALIZACE - RTK/Rho

ephrin A1T-—

_— activated receptor
(EphA4)

* Rho =rodina monomernich GTPaz (Rho, Rac, Cdc42)

active
cytoplasmic P P
tyrosine

kinase

active ephexin

* Regulace aktinového cytoskeletu (tvar, polarita, pohyb, active epf

adheze)

2
NP GTP

inactive E/ATINS active/ =
RhoA RhoA™ 7\

GDP GTP . i

GROWTH CONE myosin-mediated actin
CYTOSOL OF AXON filament contraction

and growth cone collapse

* Regulace bunécného cyklu, transkripce, transportu

Role v rustu axonu

* Vazba ephrinli na ephrinové receptory (EphA 1-10, EphB 1-6)
* Eph receptor na povrchu motorickych neuronl — navadéni
konce axonu ke svalu

* Vazba ephrinu na Eph receptor —> aktivace RhoA —> kontrakce

¥ F-actin
== Microtubule

+ Positive
Stimulus

_ Negative
Stimulus

aktin/myozinovych komplex( —> zastaveni rlistu axonu —>

zmeéna smeru rustu
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FOSFOINOSITIDOVA SIGNALIZACE NAVAZUJICi NA RTK

plasma membrane

* Hlavni draha regulujici rGst a preziti bunék

T

e

P P diacylglycerol

 PI3K (fosfatidylinositol-3-kindza) aktivovana pomoci RTKs — O——O —

&

(P P,
. . oy s ve . ’ ’ hosphatidylinositol hosphate ,5-bisphosphate
fosforyluje inositidy -> pFipravuje dokovaci mista na A T 7
b 7 v \ CATALYZED B§’ PI 3-KINASE \
memporane \ \ \ plasma membrane

* Typicky PIP;—POZOR neni solubilni jak druhy posel IP,

* Deaktivace fosfatazou PTEN ﬁ ,,ﬁ ,,ﬁ ‘Pj?

 Mutace v PTEN — onkogenni - prodluzuje signalizaci ®

-

Pl 3-phosphate Pl 3,4-bisphosphate Pl 3,4,5-trisphosphate
[PI(3)P] [PI3,4)P;] [PI(3,4,5)P,]
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FOSFOINOSITIDOVA SIGNALIZACE NAVAZUJICi NA RTK

e PI3K — 3 tfidy, ¢asto heterodimerické g s
* Regulac¢ni podjednotka se vaze na pRTK nebo na GPCR HHEHHENH [L BN |
G

* Katalyticka tvofi PIP, /
* Na PIP; se vazi proteiny PH doménou (pleckstrin homology) _‘
|
* PH doménu ma > 200 proteinl (napf. SOS, Akt)
|
|

* Serin/threoninova kinaza Akt

* PI3K/AKT draha - hlavni regulator prezivani a rlistu u bunék

obratlovcl i bezobratlych

1
Lol Main \

Catalytic ~ Regulatory o '\ o

subunit subunit s expression
in vivo Cell growth, proliferation, survival, motility, and migration
p110a S
A 01108 085 Ubiquitous
Class | | ["7"p1106 | = | Ptdins@@5)P2 |~
p1103 Ptdins(4,5)P2 Hasmatopoietic
B p110y pigi system
p87
PI3K-C2a PtdIns Ubiquit
Class Il | PI3K-C2p e N W R
PI3K-C2y iins(4) Liver
Class Il Vps34 Vpsi5 Ptdins Ubiquitous Tridy PI3 kinaz
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PI13K/AKT DRAHA STIMULUJE PREZITi A RUST BUNEK

* Preziti bunék # proliferace

* Typickym signalem insulin nebo IGFs (insulin-like growth factors), ale i jiné rlistové faktory
* Na PIP; se soucasné vaze PDK1 (phosphoinositide-dependent protein kinase 1) a Akt

» Akt po aktivaci fosforyluje cilové proteiny na membrané, v cytosolu a v jadre

« Casto je fosforylace inaktivujici (nap¥. Bad — inhibitor antiapoptotického Bcl2)

survival signal

PI(4,5)P,
p P) (P Q Pﬁ P) = | Pﬁp B CYTOSOL
B0: PI(3,4,5)P PH
G & B ( Ps domains
/ activated
activated receptor  P| 3-kinase
tyrosine kinase
PDK1 dissociation
Akt .
14-3-3 protein
active Akt ) ~p
Bad
™~ ”1 sy /
PHOSPHORYLATION \ _| INHIBITION OF
OF Bad APOPTOSIS
\
inactive apoptosis-
inhibitory protein active apoptosis-
(Bcl2) inhibitory protein

(Bcl2) Bi7005 Bunécné regulace / 02/ 2. 10. 2024



Pathway Diagram Key
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PI3K/AKT/mTOR DRAHA STIMULUJE PREZITi A RUST BUNEK

growth factor amino acids << »%
* RUst bunék zavisly na aktivaci kinazy mTOR (mammalian target of °
rapamycin) l
9 .
e Rapamycin = bakterialni toxin, inhibuje kinazy, imunosupresivni a B & iact.watedgmmh oo’
protinddorova funkce (komeréné dostupny Sirolimus) e /
* Kindza se vyskytuje ve dvou multiproteinovych komplexech \ ., /
mTORC1 a mTORC2 ) mTORCI
* mTORC1 — obsahuje protein Raptor — komplex je senzitivni na L—(JJ Ll%
rapamycin — stimuluje bunécny rast 4EBP  S6kinasel  Lipin e
* mTORC2 — obsahuje protein Rictor — komplex neni senzitivni na l 1 \ l
rapamycin — stimuluje bunécné preziti aktivaci Akt kindazy a QITE GITB SRiBP ‘
reguluje aktinovy cytoskelet SYNTHESIS SYNTHESIS TURNOVER

e Aktivace mTOTRC1 — rGstovymi faktory a Zzivinami (AMK)
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signal molecule
PREKRYV SIGNALNiCH DRAH AKTIVOVANYCH T N
GPCR A RTK

D G
A GPCR
N e (;‘M RTK
» Spole€¢na aktivace (napf. PLCy) d bk
| - o /N T
* Aktivace rozdilnych drah —> stejné cilove G protein G protein —» phospholipase C o Pl 3-kinase
proteiny / \ Ras GEF (Sos) ‘
adenylyl cyclase IP3 diacylglycerol l PI(3,4,5)P; —
Ras
* Interakce mezi dradhami umoznuje rlznym Ca* MAPkinasetinase . |
signdlim koordinovat navzajem sv(j efekt ylic AP ca,midu“n . o
! } ‘
PKA CaM-kinase PKC MAP kinase Akt kinase <«
transcription regulators many target proteins
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CYTOKINY A JEJICH RECEPTORY Type | cytokine Typell eylokine  TNF receptor  lg-type G-protein
receptor raceptor family receptor coupled
family receptor family
ElEE
Conserved ;;
cysteines i : H' o i
 Receptort pro cytokiny je nékolik skupin (¢asto dimery, wows gd W1 P B L ) oon
Fiain ﬁﬁmmmmn LT F.‘-’ i R
Sl o IRAK B
* RUzné ligandy - interleukiny, interferony, rtstové faktory... TNF-a IL-8
IL-2~IL-7 IFN-a iy » RANTES
. . T e e . IL-8 IL-15 & FN-B M-CSF .
- IL-11 GM-CSF! ¥ Merve growth : PF4
 Typlall—asociované s cytoplasmatickymi tyrozinkinazami JAK Ty SR INy B iy o
IL-13 OSM | FAS NAP-2

* JAKs (puv. ,just another kinases”) —> Janus kinases - dle
rimského boha, maji dvé podobné domény - kindzovou a
inhibicni

* JAKs fosforyluji a aktivuji transkripéni regulatory STAT (signal

transducers and activators of transcription)
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RECEPTORY PRO CYTOKINY AKTIVUIJi JAK-STAT SIGNALNi DRAHU

* Po nasednuti ligandu -> crossfosforylace JAKs —> fosforyluji cytoplasmatickou ¢ast receptoru —>

vytvori dokovaci misto pro STAT

cytokine receptors cytokine

* Po fosforylaci se STAT disociuje a mize homo/hetero-dimerizovat

P CYTOSOL

TN SH2
P domain
P STAT1

diky SH2

* Nasledna translokace dimeru do jadra — vazba na odpovidajici

DNA element — iniciace transkripce cilovych gen(

* Regulace signalizace: transkripce inhibitor(

transcription p
regulatory
TABLE 15-6 gulatory .
P

NUCLEUS

Signal protein Receptor-associated JAKs =~ STATs activated Some responses '
Kine )
Interferon-y (IFNy) JAK1 and JAK? STATH Activates macrophages e eguintory sequence  TARGET GENE TRANSCRIPTION
Interferon-c (IFMNo) Tyk2 and JAK2 STAT1 and STATZ | Increases cell resistance to viral infection
Erythropoietin JAKZ STATS Stimulates production of erythrocytes
Prolactin JAKT and JAKZ STATS Stimulates milk production
Growth hormone JAKZ STAT1 and STATS | Stimulates growth by inducing IGF1
production
Granulocyte-macrophage- JAKZ2 STATS Stimulates production of granulocytes and
colony-stimulating factor macrophagses
(GMCSF)
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RECEPTORY PRO LIGANDY Z TGFB SUPERRODINY AKTIVUJi
PROTEINY SMAD

TGF-p superfamily

TGF 3
TGF-p4
TGF-$2 / TGF§

TGF-f1 TGF-p5

BMPs/GDFs

* TGFB superrodina, > 30 strukturalné pribuznych dimerickych proteind

* Podrodiny: TGFB, Aktiviny/Inhibiny, BMPs

* Regulace Sirokého spektra biologickych funkci

GDF6  BMPI10

 Béhem vyvoje: proliferace, diferenciace, smrt, produkce ECM..

* V dospélosti: hojeni tkani, imunitni odpovéd, .. 2,
-~
* Receptory (typ | a Il) maji serin/threoninovou kindzovou doménu 3
ptory (typ J P 2 2
I type- TGFj ' ' CYTOS0L
. . 7 v . Vi o receptor % mad2 or
« Dimer ligandu se vaZe na heterotetramericky komplex receptor( | RSN N ) St o e
o saring/ / * ?-P /
\ reoning P_.a-
» Aktivace kinazové domény (typ Il fosforyluje typ 1) wpeaterp ke 'f
receptor .P_ :> Smadt
’ 7’ . ‘
L4 \ /
Nasledna vazba a fosforylace Smad proteinu P /' N
, . v . . . - transcription
* Fosforylovany Smad se spoji s dalSimi Smad molekulami a translokuje \ S };ﬂ;jﬁ?
AT L
., DNA*
dO Jad ra TGFp-responsive \

cisregulatory | TARGET GENE TRANSCRIPTION

sequence

» V zdvislosti na dalSich transkrip€nich regulatorech — rizné cilové geny
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Cytoplasmatické
tyrozinkinazy

FGFR2 FGFR3

EphA3
EphA5

EphAd
FGFR1 FLT1 KDR CSFRFMS EphA6 EphB1
Receptor KIT EphA7 EphB2
. FGFR4 83
Tyrosine . PDGFR Em;:"
: PDGFR
Kinases FLT3 B
RET
EphA8
MER
mer RON \ | TIE2
AXL \ | V/ TIE1 EphA2
| [ V4
\|
TYRO3/SKY, ccke/ \| / EphA1
TRKC ROR2 K PTr Y EphA10
ROR1 , EphB6
TRKB \ P FAK
TREA \ & PYK2
MUSK ) VK
DDR?2 J
i ) ZAP-70
IRR ABL
INSR — . ARG
IGF-1R 7 S
ALK ol
LTK =
: 4 TEC
ITK S1xk
LMR2 FRK
W CTK CSK BLK
FES FER  SRM BRK "
LCN SLYN
Cytoplasmic
Tyrosine
Yy N SRC
YES

Kinases




CYTOPLASMATICKE TYROZINKINAZY

* Receptory nemajici vlastni tyrozinkindzovou doménu

* Asociuji s cytoplasmatickou tyrozinkindzou — fosforylace cilovych protein( (véetné receptoru)

* Cytoplasmaticka tyrozinkinaza je nekovaletné navazana na receptor

* Priklady: receptory pro antigen a interleukiny u lymfocytU, integriny, receptory pro hormony a cytokiny

« Castd kooperace s rodinou cytoplasmatickych kindz Src (Src, Yes, Fgr, Fyn, Lck, Lyn, Hck, a Blk)

e Obsahuji SH2 a SH3 domény — vazba na receptor a na lipidové retézce
e Aktivuji se po vazbé ligandu na receptor

* MiZou se vazat i na RTK — nasledné vzdjemna aktivace — zesileni a prodlouZeni signalizace

e Asociace s integriny — spojené s ECM — podil na tvorbé fokalnich adhezi

* FAK (focal adhesion kinase) — navazuje na cytoplasmatickou ¢ast integrint — fosforyluje se a tvofi dokovaci

misto pro Src — fosforylace cilovych proteinl véetné cild RTK signalizace

* Spolecna signalizace: adheze k vhodnému podkladu kde mize prezit, rlst, délit se...




fatty acid SH3 SH2 kinase domain with two lobes
c-Src

\ NH, COOH
* Prvni objevena tyrozinkinaza (1979) -

' 500 amino acids

* Homologni k v-Src (Rous sacoma virus)

* V neaktivni formé vazba na mastnou kyselinu (myristovou) a membranu

* Aktivace pomoci RTK (EGFR, HGFR), GPCRs nebo receptory bez kinazové domény

* Nasledné: odstranéni fosfatu z c-konce + vazba aktivacniho proteinu na SH3 + fosforylace

* Funguje jako signalizacni integrator — musi nastat vice aktivacnich krokd

* Kooperace s dalSimi drahami — MAPK, STAT, AKT.. -regulace proliferace, preziti, pohybu — :
S . Us:,:a:m sindng een|| phsphat
* Mutace ->=50 % of nadoru streva, jater, plic, prsa, pankreas e pemowectl| JEeened? Jlbeen pere
activating ligand —__ . y jl
N
L L I P
N‘ kinase domain . m . up. &D
SH3 —& ' ?me P
l i e o " e Il
SH2 ‘ Src-type pro_tein kinase activity turns on
p l . fully only if the answers to all of the
C . PHOSPHATE ACTIVATING KINASE CAN NOW 6 above questions are yes
REMOVAL . LIGAND BINDS . PHOSPHORYLATE . OUTPUT
OFF LOOSENS TO SH3 DOMAIN A TYROSINE TO OoN
STRUCTURE SELF-ACTIVATE

Bi7005 Bunécné regulace / 02/ 2. 10. 2024



Bi7005 Bunécné regulace / 02/ 2. 10. 2024

E

]

CSMOKESIGNAL

(You Fav




	Snímek 1: Mezibuněčná signalizace membránovými receptory
	Snímek 2
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6
	Snímek 7
	Snímek 8
	Snímek 9
	Snímek 10
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	Snímek 18
	Snímek 19
	Snímek 20
	Snímek 21
	Snímek 22
	Snímek 23
	Snímek 24
	Snímek 25
	Snímek 26
	Snímek 27
	Snímek 28
	Snímek 29
	Snímek 30
	Snímek 31
	Snímek 32
	Snímek 33
	Snímek 34
	Snímek 35
	Snímek 36
	Snímek 37
	Snímek 38
	Snímek 39
	Snímek 40
	Snímek 41
	Snímek 42
	Snímek 43
	Snímek 44
	Snímek 45
	Snímek 46
	Snímek 47
	Snímek 48
	Snímek 49
	Snímek 50
	Snímek 51
	Snímek 52
	Snímek 53
	Snímek 54
	Snímek 55
	Snímek 56
	Snímek 57
	Snímek 58
	Snímek 59
	Snímek 60
	Snímek 61

