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OSNOVA:

* Mezibunécna komunikace
* Dosah signalt

* Reakce bunky na signal

* Druhy signalQ

* Prenos signall

* Signalni kaskady

* Regulace signalizace

Bi7005 Bunécné regulace / 01 / 25.9.2024



SIGNALIZACE = KOMUNIKACE

* Prevod extracelularnich signall na intraceluldrni odpovéd’
* Prevadeéni jedné formy signalu na druhou = transdukce signalu
e Uplatnéni v komunikace mezi bunkou organismem

organism communication

elektricky signél
(cells + matrix) (first messengers)
-hormones
-growth factors
-cytokines

-interleukins, lymphokines

chemokines, EPO, TNFa
-neurotransmitters
-extracellular matrix
-action potential

extracelularni signalni
molekula A
VSTUP

J -hormones
intracelularn N -growth factors
signalni ‘
molekula B
VYSTUP chemokines, EPO, TNFa.
-vasoactive agents
-neurotransmitters
-extracellular matrix

-action potential

-cytokines /
-interleukins, lymphokines

cell

responses
-secretion (hormones, growth factors, neurotransmitters,
cytokines, enzymes, antibodies, extracellular matrix)

: -contraction (skeletal-, cardiac- or smooth muscle)

-action potential
-migration/dissemination
-division

-death (apoptosis)
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KLICOVi HRACI SIGNALIZACE

Signalni molekuly
- hydrofobni
- hydrofilni
* Receptory
- membranové
- cytosolické
* Pfenadece signalizace + druzi posli
* Efektorové proteiny
* Efekt
- rychly (modifikace protein(i)

- pomaly (modifikace genové exprese)

Hydrophobic signals Hydrophilic signals

Steroids Small molecules
Retinoids Peptides
Thyroxine Proteins

o o (®)

/ Inactive cell- ﬂ )
surface Active cell-
receptor 4 | surface

receptor

—

Responding cell l
Signal
Cytosolic transduction l
receptor proteins < 8|
and second
0 messengers \

)
Modification of Effector
cellular metabolism, _..- — ~Protein

A <~ \\
function, movement \
\
o & Nucleus :'
\4

Modification of gene expression, development
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DOSAH SIGNALU

Endokrinni signalizace @'1\ Blsad vassal o
* o:\/ﬁoﬂ) / - o o ©
* Sekrece signalni molekuly =228 f) ) IS i . s S S / °l°\,
* Typicky hormon v bunkach zlazy w u_ 10—\,—01
* Transport cévni soustavou Hormone secretion @_J@,@/
° Pﬁsobi ve Vzda'lené CﬂOVé buﬁce into blood by endocrine gland Distant target cells

Parakrinni signalizace

» PUsobeni signdlni molekuly v blizkych/ptilehlych burikach

* Transport difuzi extracelularnim prostredim KEY
* Napr. neurotransmitery mezi neurony a svalovymi bunkami © Extracellular signal
* Rulstove faktory — tvorba gradientu — rozdilny efekt v zavislosti na koncentraci c O S—
Secretory cell Adjacent target cell E] Inactive receptor
Y Membrane-attached
signal

Secretory vesicles Bi7005 Bunécné regulace / 01/ 25.9.2024



DOSAH SIGNALU

Autokrinni signalizace Key:

© Extracellular signal
* Odpovéd bunky na vlastni signal

* Obvykle ristové faktory

* Napt. bunky in vitro nebo nadorové bunky

Target sites on same cell ] l\/_lemllorane-attached
signa

Prima mezibunécna (cell-cell) sighalizace

* Mezi membranovymi proteiny dvou bunék

* Receptor —ligand

* Proteolytické Stépeni membranového proteinu

-> uvolnéné extracelularni ¢asti jako solubilniho ligandu

Signaling cell Adjacent target cell

Kombinovana signalizace
Adrenalin — jako hormon (endokrinni) nebo jako neurotransmiter (parakrinni)
EGFR — membranoveé vazany (cell-cell) nebo solubilni (autokrinni nebo parakrinni)
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DOSAH SIGNALU

Signaly nervové soustavy

* Plsobi na velké vzdalenosti (m)
e Smér signalu dan nervovym nebo svalovym viaknem

» Elektrické impulsy (zména membranového potencialu)
se na synapsich méni na parakrinni signalizaci mediatory

Propojeni cytosoli bunék

* Prima vyména molekul mezi bunkami
e @Gap junctions (konexiny) — u Zivocisnych bunék
* Plasmodesmata u rostlinnych bunék

between animal cells

V
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neuron cell body
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Neuron #2
dendrites

Plasma membranes

Plasmodesmata
between plant cells

Gap junctions

Bi7005 Bunécné regulace / 01 / 25.9.2024



REAKCE BUNKY NA SIGNAL

« Z4adna burika v organismu neni v izolaci
e Bunky musi vnimat stimuly okolniho prostfedi a odpovidat na né

* Velké mnozstvi signalt rdznych druh
- Sekretované nebo navazané na membranu: hormony, rlistové faktory, neurotransmitery, feromony...
- Zména koncentrace metabolitQ: plyny, Ziviny...
- Zména fyzikalnich podminek: svétlo, teplo, kontakt...

* Odpovidajici velké mnozstvi receptoru
* Relativné malo nitrobunécnych prenaseci
* Bunécna odpovéd - efekt
e Zmeéna chovani bunék
- Aktivace syntézy DNA
- Pohyb

- Diferenciace
- Smrt
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REAKCE BUNKY NA SIGNAL N

— (@) - (@)

el

A @

* Zvelkého mnozstvi exprimuje kazda bunka jen nékteré B— @ R ( @

* Citlivost je ddna pritomnosti receptor

* Kombinace signall — rozdilny efekt D

apoptotic
@ - DIE = cell

Bi7005 Bunécneé regulace / 01/ 25.9.2024



(&) acetylcholine (B) heart pacemaker cell

REAKCE BUNKY NA SIGNAL G @—acetiholine
H3C—N+—CH3 l receptor
| protein
0 L)
* RUzné typy bunék mohou exprimovat rizné receptory pro stejny P i
O
ligand -> r(iznd odpovéd {::=-::r l
CH
« Napft. ’ @% JLH JLH JLH
- Aktivace rGznych receptoru pro acetylcholin v srdecnich, slinnych D ECREASED RATE
OF FIRING
a svalovych burikach
(C) salivary gland cell (D) skeletal muscle call

» Aktivace stejného receptoru na riznych bunkdch muze vézt k jinym

dl_

odpovédim = efektorova specifita

|
* Napr. @b

a svalovych bunkach -> rozpad glykogenu na glukozu SECRETION CONTRACTION

- Aktivace receptoru pro adrenalin u hepatocytu

- Aktivace stejného receptoru u adipocytt -> hydrolyza a sekrece tuk
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POUZITi AGONISTU A ANTAGONISTU V MEDICINE

Agonists and Antagonists

v . v s o , . S, Agonists Drugs that occupy receptors and activabe them.

* Moznost ovlivnéni rtznych signalnich drah

Antagonists Drugs that occupy receplors but do not actvate them.
Antagonists block receptor activation by agonists,

* Ap“kace SyntetiCkyCh analogt‘] “gandﬁ medicine Agonist alona Agonist + antagonist Antagonist alone
® o » -
| N/ |

* Agonista (pusobi pozitivné) — stejnd funkce jako ligand, vazba T
(AR ] '
na receptor -> odpovéd * | e I | . |
! |

* Antagonista (pUsobi negativné) - vazba na receptor, blokuje -
Full activation Lass actvabon N actvation

vazbu ligandu -> bez odpovédi
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POUZITi AGONISTU A ANTAGONISTU V MEDICINE

Priklad:
. . . v 7 . HO
* Adrenalin (epinefrin) — produkce dreni nadledvin OH
I .
HO CH_CHZ_NHZ—'CH:;
Epinephrine (EP)
HO
* Agonista: isoproterenol — vazba (10x silnéjSi nez adrenalin) na cl’” ) <|3H3
HO CH—CH, —NH,—CH
adrenalinové receptory bunék hladkého svalstva pradusek -> dilatace
Isoproterenol (IP) CHs
-> |éCba astma &
2 OH CH,
L, ]
 Antagonista: alprenolol — blokator B-adrenalinovych receptor (B- L O~ CH, —CH—CH; —NH,—CH
2 CH,
blokdtor) — vazba na adrenalinové receptory bunék srdec¢niho Alprenolol (AP)

svalstva -> zpomaleni kontrakci -> |é¢ba arytmii a anginy pectoris
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SPECIFICITA vs. ROBUSTNOST SIGNALIZACE

Velké mnozstvi ruznych signalnich molekul
* Nutnost predejit chybné signalizaci

* Vysoka specificita a afinita mezi proteiny predavajicimi si signal

v" Napt. kindzy maji aktivni misto rozeznavajici AMK sekvenci okolo fosforylaéniho rezidua na cilovém
proteinu nebo signalizani enzymy obsahuji dokovaci mista (mimo mista enzymatické aktivity) pro
interakci s komplementarnim mistem na cilovém proteinu

v" Redukce signalniho Sumu okoli je dana napf. vétsim poétem mist fosforylace

AN

Stala -ale nizka- hladina aktivnich fosfataz

v" Aktivace musi byt silnd aby prekonala fosfatazy

e Signalni systém musi prekonat variabilitu v koncentraci a aktivité signalnich molekul

 Casto paralelni mechanismy aktivace cilového proteinu
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VARIABILITA VZTAHU SIGNAL — ODPOVED

Rychlost odpovédi:

e Zavisld na pozadavku rychlosti ziskat odpovéd a na typu intracelularniho prenasece

e RYCHLA

- Zména konformace iontového kanalu v synapsi —> zména membranového potencialu: milisekundy

extracellular signal molecule

- Zména fosforylace protein(: sekundy — minuty ®
intracellular signaling l cell-surface
pathway . — receptor protein

nucleus

« POMALA

- Zména exprese genU a jejich syntéza: minuty — hodiny

ALTERED DNA |

=~ ’7 7 v 7 o . *
- Rizeni morfogeneze, déleni, rust: hodiny - dny et e RNA o
second to hours)

minutes) \
ALTERED PROTEIN SYNTHESIS

\ /

ALTERED CYTOPLASMIC MACHINERY

plasma
membrane

ALTERED CELL BEHAVIOR
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VARIABILITA VZTAHU SIGNAL — ODPOVED

Pretrvani odpovédi:

» Zavislé na pozadavku rychlosti udrzet odpovéd (synapse: pfechodné; vyvojové pochody: dlouhodobé)
* Role pozitivni a negativni zpétné vazhy
e Zavislé na obratu (turnover) konkrétniho proteinu

10x sniZzena syntéza 10x zvySena syntéza
. , o , 10 , 00 i 10 1 min
* Proteiny s rychlym obratem (Cervené) se rychle
degraduji/syntetizuji po zasahu do exprese . 40 min
28 8
: , , 2
* Proteiny s pomalym obratem (zelené) se pomalu =
degraduji/syntetizuji po zasahu do exprese [ . 6 10 min
* Polocas (half-life) proteinu je doba, za kterou 5 4 4
dosahnou % predpoklddaného mnozZstvi o
% 2 2
E . 200 min
1 min
0 2 4 6 8 10 0 2 4 6 8 10
(A)  minutes after the synthesis rate has (B)  minutes after the synthesis rate has
been decreased by a factor of 10 been increased by a factor of 10
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VARIABILITA VZTAHU SIGNAL - ODPOVED

Zpracovani signalu:

* Rlznorody typ odpovédi:
- jednoduchy signal -> slozita odpovéd
- jednoduchy signal -> opakujici se odpovéd

e Zavislost odpovédi na koncentraci signalu all-or-none

\

- Nardustajici intenzita odpovédi az do dosazeni saturace
signalni drahy (modra), pri regulaci hormony

- Potladeni odpovédi pri nizké koncentraci = potlaceni
signdlniho Sumu, intenzivni narlst odpovédi pfi stredni
koncentraci (Cervena), pri ndsobné fosforylaci proteinu

RS s

responsg ——»

- Po prekroceni urcité koncentrace, jednoznacna odpovéd
,vsechno nebo nic” (zelenad), pri vybéru mezi dvéma stavy concentration of signal molecule ——
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VARIABILITA VZTAHU SIGNAL — ODPOVED

Senzitivita k signalim:

e Zavisi na koncentraci ligandu (hormony: nizkd koncentrace = citlivé receptory; neurotransmitery: vyssi
lokalni koncentrace = méné citlivé receptory)
e Vliv vnitrobunécné amplifikace

Dynamické rozpéti signalizace:

e Z4visi na senzitivité a druhu bunécné odpovédi (vyvojové pochody: uzké rozpéti koncentrace ligandu;
metabolickd odpovéd na hormony: Siroké rozpéti zavislé na koncentraci ligandu)

stimulus » A » B

Regulace zpétnou vazbou — regulace vétsiny biologickych procesu +4

positive feedback

* Pozitivni zpétna vazba — vystup stimuluje svou produkci
* Negativni zpétna vazba — vystup inhibuje svou produkci

stimulus =

A > B
T

negative feedback
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Pozitivni zpétna vazba

Typicky pro sigmoidni a ,vSechno nebo nic” odpovéd
* Po spusténi odpovédi neni plvodni signdl uz potreba
* Systém ma dvé pozice ON/OFF a signdlem se zapina
* Prechodny signal -> dlouhodoba odpovéd’

* Napt. diferenciacni kroky

Zkresleni bunécné odpovédi vzhledem k bunécné populaci

* Odpovéd ,vsechno nebo nic“ mize byt zkreslena populaci
e Variabilita mezi burikami
e Nutnost studia odpovédi na urovni bunky

» Priklad: aktivace MAPK progesteronem u oocyt(

POSITIVE FEEDBACK CONTROL:
NO FEEDBACK
5 igng\l kinase positive

P
S feedback o time —
e SIGNAL
’.-'_--_'\" P '_-E
1 L
E ..__"' E y
/ A \ = POSITIVE
inactive activated % FEEDEACK
E kinase E kinase M
i
time —- L—
SIGNAL
__100
£
8 75
2
S 5o
[ 1]
- 00 00 .Ce - Ce 0@
£ 5 C’Og'o .Cgo .Ogo Qigo .O:o
% Oo Co @-po @-n @ g

=

0.001 0.01 0.1 1 10
progesterone (uM) increasing concentration of progesterone

z
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Negativni zpétna vazba

Zkracuje a limituje hladinu odpovédi

71 v Y& 4

Ucinnéjsi proti vykyvim

RGzné zpUsoby zpétné vazby -> rliznd odpovéd

Kratké zpozdéni zpétné vazby -> rychlé utlumeni odpovédi

PFi vzristu intenzity signalu -> opét potlaceni -> adaptace

Dlouhé zpozdéni zpétné vazby -> oscilace odpovédi

Oscilace maji Casto jak negativni, tak pozitivni zpétnou

vazbu

NEGATIVE FEEDEACK

signeil kinase

5 activated
-~ | ‘/Ekinase

E ,..__"'
&
highly active — &,
| phosphatase .
negative
feedback
(D)
COMNTROL:
MO FEEDEACK
[
time —= L—
SIGNAL
=
5]
fi: MEGATIVE
w FEEDBACK
5 SHORT DELAY
A
: . L |
=t
g UmeT SIGNAL
L]
MEGATIVE
FEEDBACK
LONG DELAY
—
time —= e —

SIGNAL
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Adaptace (desenzitizace) = ukonceni sighalu

* umoznuje odpovidat na zmény intenzity signalu spis nez na celkové mnozstvi signalu
priklad: zprostredkovani vidéni, nezavisle v Sirokém rozmezi intenzity svétla

* nutnost inhibice v prabéhu signalizace -> redukce odpoveédi
- Negativni zpétna vazba s kratkym zpozdénim — napt. inhibice upstream kinazy

- Stejny signal aktivuje soucasné i pomalejsi inhibi¢ni drahu
- Deaktivace receptoru — samovolné (vazba arrestinu blokuje G protein), endocytdza, destrukce

; \ A )
n U R @

[ ]
o o0 Q
‘ ¢ endosome o
OUTPUT OUTPUT
lysosome
(A) NEGATIVE (B) DELAYED (C) RECEPTOR (D) RECEPTOR (E) RECEPTOR
FEEDBACK FEED-FORWARD INACTIVATION SEQUESTRATION DESTRUCTION
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VARIABILITA VZTAHU SIGNAL — ODPOVED

(A} (B}
A B A ]
Integrace: \ / \ /
o W s W o
* odpovéd se integruje z vice signal(; zavislost na Y [roe]
vnitrobunécnych prenasecich; uplatnéni pro slozité “ @‘ Y "®
bunééné procesy (rUst, proliferace, diferenciace..) l i ®
G [
A
- DOWNSTREAM SIGNALS - DOWNSTREAM SIGNALS

Koordinace:

* vice bunécénych procesu je fizeno jednim extracelularnim
signalem; napf. rastovy faktor -> rlist a déleni; nutnost
distribuce signalu k rliznym efektoriim -> tvorba signalnich
vetvi

-—
P4 5P FGASF
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PRUCHODNOST MEMBRANY PRO LIGANDY

* rozhoduje velikost a chemicka povaha signalni molekuly

* velké a hydrofilni molekuly nemohou membranou projit -

aktivuji povrchové receptory

* malé a hydrofobni molekuly difunduji membranou a vazou se

na nitrobunécné receptory

(A) CELL-SURFACE RECEPTORS

plasma membrane
cell-surface

receptor protein

hydrophilic signal
molecule target cell
(B) INTRACELLULAR RECEPTORS

small, hydrophobic
/signal molecule
[

2
g

carrier protein

target cell

nucleus
intracellular receptor protein

Bi7005 Bunécné regulace / 01 / 25.9.2024



SIGNALIZACE STEROIDNiMI A THYROIDNiMI HORMONY @ cortisol

plasma membrane

/
=
hydrofobni a nizkomolekulrni el oo

0 ‘\ conformational

e prochazeji membranou nuclear change activates
receptor Y receptor protein
. Lo protein -
* vazou se na receptory v cytosolu nebo jadre :‘:
* jejich receptory funguiji jako regulatory genové activated recaptor—cortisol
complex moves into nucleus
exprese zavislé na ligandech % — \
* vazba ligandu - zména konformace receptoru - h\
NUCLEUS ¥
zmeéna schopnosti vazby DNA nebo aktivace . A . activated
:.E target gene
exprese cilovych genu i "DNA
activated receptor-cortisol J TRANSCRIPTION

complex binds to regulatory  msssssss——" RNA
region of target gene

and activates transcription
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VAZBA LIGANDU NA RECEPTOR

* Molekularni komplementarita — definuje silu interakce

v’ Afinita (sila chemické vazby) - nekovalentni (slabd)
vazba: iontova vazba, van der Waalsovy sily,

hydrofobni interakce

v Tvar molekul
+~CHs  HC— Hydrophobic
YSCH;  HyC— and van der

Waals
* Vazebna specificita — udava schopnost "—CH; H,c— interactions
receptoru vazat/nevazat podobné molekuly %
= C=0+++HO—
Protein A Protein B Protein A Protein C
Stable complex Less stable complex
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VAZBA LIGANDU NA RECEPTOR

* Vazba ligandu na extracelularni doménu/y (plati pro membranovy receptor)
* Indukce konformacénich zmén v molekule receptoru
* Transformace na intracelularni signal

» Aktivace vnitrobunécnych prenasecu

(a) Residues essential to (b) (c)
tight binding with receptor

Growth
hormone

Residues essential
to tight binding with
hormone

/
Growth

\ Y
bR NS
LT
’ 4 -
7 hormone
I\\\ receptor
\ ‘l', ),
Q

~00C
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HLAVNI TYPY MEMBRANOVYCH RECEPTORU

e Extracelularni signaly - vazba na receptor - nepronikaji do buriky
* Receptory funguji jako prenasece signalu (signal tranducers)
* Zmeéna z extracelularniho signalu na intracelularni

 Receptory sprazené s iontovymi kanaly (lon-channel-coupled receptors, ionotropni receptory)
O Receptory sprazené s G-proteiny (G-protein-coupled receptors, GPCRs)
 Receptory sprazené s enzymem (Enzyme-coupled receptors)

Receptory sprazené s iontovymi kanaly

* Rychla signalizace na synapsich pomoci neurotransmiteru
* Pfechodné otevreni/zavieni iontového kanalu

* Zména permeability membrany méni excitabilitu postsynaptické cilové bunky

{A) ION-CHANNEL-COUPLED RECEPTORS

L ——

» » [ ] |‘:||15
- -""‘?
& o+ Signal molecule

] plasma
—
membrane
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Receptory sprazené s G-proteiny

Nema vlastni enzymatickou aktivitu

Ridi aktivitu dalgich membranovych protein(:

- enzymd

- iontovych kanald

Prostrednictvim membrdnového G-proteinu (GTP-binding regulatory protein)
Aktivace cilového proteinu:

- méni koncentraci intracelularnich signalnich molekul

- permeabilitu membrany

(B) G-PROTEIN-COUPLED RECEPTORS

signal molecule

mt’fL#% ™

inactive inactive inactive activated enzyme
receptor G protein enzyme receptor and
3 protein

activated G protein
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Receptory sprazené s enzymem

* Maji vlastni enzymatickou aktivitu nebo jsou primo spojeny s enzymaticky aktivnim proteinem

e Obecna struktura:
- extracelularni doména: vazba ligandu
- transmembranova doména: vétsinou jen 1x
- intracelularni doména: vlastni katalyticka aktivita nebo vazba enzymu

« Casto funkce proteinkindzy nebo spojeni s proteinkindzou
* Transdukce signalu fosforylaci

(C)  ENZYME-COUPLED RECEPTORS

signal molecule —__ signal molecule
in form of a dimer F
OR
> = . -
) ’ "
inactive catalytic active catalytic activated
domain domain associated
enzyme
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INTRACELULARNI SIGNALIZACNI KOMPLEXY NAVAZUJICIi NA MEMBRANOVE RECEPTORY

» Velké proteinové komplexy v blizkosti/na receptorech
* Proteiny jsou blizko sebe —> zvyseni specificity interakce

* Interakce predevsim mezi sebou —> snizeni signalniho Sumu okoli

* Naptl.: sestaveni na ,,scaffold” proteinech, sestaveni na receptorech, sestaveni na fosfoinositidovych

dokovacich mistech

(A) PREFORMED SIGNALING COMPLEX

ON A SCAFFOLD PROTEIN

inactive receptor

signal molecule

¥ __— activated receptor

|
plasma membrane

activated
intracellular
signaling proteins

\ . 3
Sestaveni signalizacniho komplexu na , scaffold”
proteinech cyTosoL <
_ 1 B
. 7 ’ O v, Vv v Vee Vé Scaﬁ(}ld Q -
e Tvorba signalnich komplexu jesté pred prijetim S otein o )
Slgnalu 2 intracellular 2
* Receptor + navazujici signalni proteiny signaling proteins "
* \lysoka lokdlni koncentrace zapojenych proteint 3 3
* Specificita signalizace - SN
t
downstream
signals
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Sestaveni signalizacniho komplexu na receptoru

e Prechodné sestaveni

e Zavislé na extracelularnim signalu

e Tvorba primo na receptoru

* Vazba protein( na fosforylovana rezidua receptoru

* Rozpad po odeznéni signalu

Sestaveni signalizacnhiho komplexu na fosfoinositidovych
dokovacich mistech

» Aktivace receptoru modifikuje membranové fosfolipidy
* Fosfoinositidy (fosfatidylinositol-mono/di/tri-fosfaty)

e Vazba a aktivace signalnich molekul

o]

OH o)

HO 0._.0_~_20
HO, O P T \n/\/\/\/\/\/\/\/\/
O OH
Ho "o "OH ©
HO. .0

HG Phosphatidylinositol 4,5-bisphosphate

(B) ASSEMBLY OF SIGNALING COMPLEX ON AN ACTIVATED RECEPTOR

. . signal molecule
inactive rec\e\ptor ./ g
4

activated
intracellular
signaling
proteins
B activated receptor
inactive
intracellular
signaling __ 3
roteins
o 2 downstream

signals

(C) ASSEMBLY OF SIGNALING COMPLEX ON PHOSPHOINOSITIDE DOCKING SITES

specific phospholipid signal molecule
inactive molecules activated receptor
receptor (phosphoinositides) h
yperphosphorylated
3 phosphoinositides

-
PﬁP PﬁP

2 ). }
activated intracellular dow_rnstream
signals

inactive intracellular signaling proteins
signaling proteins
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INTERAKCE MEZI SIGNALNiMI PROTEINY POMOCI
MODULARNICH DOMEN

Pti tvorbé signalizacniho komplexu — tésna interakce proteint

* Sestaveni komplexu zavisi na malych, vysoce konzervovanych
doménach = moduly

* Vazba modulu jednoho proteinu na odpovidajici strukturalni
motiv druhého proteinu nebo lipidu

* Motiv: peptidova sekvence, kovalentni modifikace (fosforylace
AMK), proteinova doména...

e Vyuziti interakce modularnich domén -> evoluce novych
signalnich drah

» Zarazeni modulu/G bez poskozeni funkce -> nové interakce ->

zarazeni do nové signalni drahy

~

.
"'
© %
.
-
¢
!
3
)
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INTERAKCE MEZI SIGNALNIMI PROTEINY POMOCIi MODULARNICH DOMEN

* Velké mnozstvi rllznych domén
* Vazba proteinli mezi sebou nebo na membranu

* Priklady domén:

Signalni komplex navazany
- Src homology 2 (SH2) a phosphotyrosine-binding (PTB) na insulinovy receptor
- Vazba na fosforylované tyroziny aktivovanych protein(

extracellular

- Src homology 3 (SH3) o (@ siona! molecule
. . s / . hosphoinositide docki i | b
- Vazba na aminokyselinové sekvence bohaté na prolin phosphoiflosttict docdng sites  plasma fembrane

N

CYTOSOL

- Pleckstrin homology (PH)
- Vazba na polarni ¢asti membranovy fosfoinositid(

activated proline-rich =
receptor p p \ regions ' ™
H
P —SH2
* Adaptorové proteiny
- Dve a vice domen IR51 (adaptor protein) /
- Propojeni proteint do drahy Grb2 (adaptor protein) scaffold protein

- Nékdy vlastni signalni aktivita
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TRANSDUKCE SIGNALU — MOLEKULARNI PREPINACE (molecular switches)

* Prenos intracelularniho signalu ¢asto skrze , prepinaci” proteiny
* Dvé pozice ON/OFF
* Signal prevadi stav prenasece z neaktivniho do aktivniho stavu

» proteinkinazy/fosfatazy - pripojeni nebo odpojeni zbytku kyseliny fosforecné

» GTPazy - pripojeni nebo odpojeni GTP/GDP

SIGNAL — SIGNAL -
IN IM GDP
[ P.__- _\P
m Iép!'vzrte-in protein GDP GTP GTP
Inase phosphatase bindin hydrolysis
ADP 9 T
1 r'aIIII ] J"r.u"
ON = ON =
.- A
ey ! I
- SIGNAL SIGMAL
ouT ouT
1A) SIGNALING BY PHOSPHORYLATION (B} SIGNALIMNG BY GTP BINDING
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Tyrozin

TRANSDUKCE SIGNALU - PROTEINKINAZY/FOSFATAZY o i
o ‘ on HO—S—O NF, "
Proteinkinazy: e NH, o
* Enzymy - fosforyluji cilovy protein
e Rozpoznani cilového reziua a okolnich aminokyselin Threonin
* Kovaletni vazba fosfatové skupiny na —OH specifické aminokyseliny @ o HO_ 0
e Tyrozin (Tyr, Y), serin (Ser, S), treonin (Thr, T) HC on HO/P\/OKI/\?\
*  Vznik fosfo-proteinu NH, HsC . OH
* Zmeéna naboje, popl. konformace -> vliv na lokalizaci, aktivitu, stabilitu,
vazbu s jinymi proteiny ¢i DNA, tvorbu komplexd,
schopnost podléhat dalsim modifikacim Serin
* Lidsky genom: = 500-600 proteinkinaz = kinom O HO . 0 O
» Neékolik velkych skupiny podle pribuznosti @ OH HO"P“O/\HLOH
NH, NH,

https://www.cellsignal.com/learn-and-support/protein-kinases/human-
protein-kinases-overview?_requestid=2628551
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Adenine

TRANSDUKCE SIGNALU — PROTEINKINAZY/FOSFATAZY T

C N

N/ \C/

I >Hc
N

CHOWCY
\N/

Fosfatazy:
* Enzymy - hydrolyzuji fosfatové skupiny ' —T— . -y '
Dy N o- ' . '
* Protihrac proteinkinaz | , Adenosin .
) T=O Adenosine mono;Jhosphate (AMP)
* Lidsky genom = 100 fosfataz = fosfatom 0 PYSES A—
T ]
http'//phOSphatomenet/3.0/ Adenosine triphosphate (ATP)
P.rotein - ADP i"| Protein
Spolecné: kinase — C") ) phosphatase
: 0—P—OH
aktivace/deaktivace cilového proteinu S

Target
protein

Inactive
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Pathway diagram reproducad courtssy of Call Signaling Technology, Inc. (www.calisignal.com). © 2007 Celi Signaling Tachnology, Inc.

FGFR2 FGFR3

FGFR1 FLT1 KDR  CSFRFMS
Receptor KIT
. FGFR4
Tyrosine s PDGFRu
Kinases FLT3 o
RET
MER
mer RON { U/ ez
AXL N\ 7/ TIE1
\ | ¥/
TYRO3/SKY \|
cCKa/ \
TRKC RoR \ RYK p1k7 \
o ROR1 \ }
TRKA \ 4
MUSK OB W\
DDR2 ) *
DDR1 —_— -
IRR e
INSR B =
IGF-1R f
ALK e
LTK ROS 7
LMR2 4 |
LMRT® Lypy SURTK106 .
FES:FER S BRK
siies TNK1 ACK
JAK2 HER3
TYK2 2
7O Cytoplasmic
ER4 G
Tyrosine
Kin
o ases

EphA3
EphA6
EphB1
EphA7 EphB2
EphB3
EphB4
EphA8
EphA2
EphA1
EphA10
EphB6
FAK
PYK2
SYK
ZAP-70
ABL
ARG
BMX/ETK
BTK
TEC
ITK Sxk
FRK
BLK
HCK
LCN LYN
GR
FYN SRC
YES
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Powered by Cell Signaling Technology @ Feedback | Contact | 'El Login

@ PhosphoSitePlus’E’ v6.7.1.1

Home Search Downloads

Home > Protein > Src New Protein Search: | |
Proto-oncogene tyrosine-protein kinase Src
il & < > Show on y-axis
o @® References (HTP + LTP) ©

3500 2 References (HIP + LIF
(U References (LTP)

3000 -

(] log2 Transformation

w

&8 2500 ’ '

e Filter PTM sites

2 (] Minimum 5 References

2 2000-

; Add Disease Variants

£ 1500 () somatic Cancer Mutations

2 [ Germline Disease SNPs

=

< 1000 "

2 Legend: PTM sites
@ Phosphorylation

500 @ Acetylation
@ Ubiquitylation
o-gggﬁ # oo ® e @ ® Other
& ] ? | SH2 1 | = |
1 1 T T T I 1 T T T 1
50 100 150 200 250 300 350 400 450 500

Residue number
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TRANSDUKCE SIGNALU ZPROSTREDKOVANA KINAZAMI

Ligand-

Model: Ligand i ging sites Bound ligand
. . 7 4 14 R
* Proteinkindza navdzana na receptor seepter
’ , . . v s Transmembrane .

* Cilovy protein - transkrip¢ni faktor CyI0 Sa
nonphosphorylated
transcription factor

1) Vazba ligandu -> aktivace receptoru -> aktivace kinazy N ch

. . 7 7 7 . cwoso‘ kr:::S';/e
2) Aktivace kinazy -> fosforylace cilového proteinu
6
3) Fosforylace cilového proteinu -> dimerizace @b
Dimerization _

4) Dimerizace -> transport do jadra -> efekt N asendrylitad

transcription factor

5) Efekt -> aktivace jaderné fosfatazy -> konec efektu 4 O@%DQ

Into nucleus; / —
6) Konec efektu -> inaktivni cilovy protein do cytoplasmy St acevates Inactive
transcription
Nuclear
phosphatase
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REGULACE SIGNALU ZPROSTREDKOVANA KINAZAMI

» Signdlni drdha = rada aktivacnich kroku

» Veétsina krokUl je regulovatelna/inhibovatelna

* Dva inhibi¢ni kroky po sobé -> aktivace

inactive
transcription J‘ P
regulator protein T
\ kinase
inhibitor protein 2
(A) GENE EXPRESSION

./ upstream signal \‘

|®

protein kinase

1

inhibitor protein

1

transcription regulator
|®
(B) GENE EXPRESSION

Napf.: ligandem aktivovand kindza mize
inhibovat protein (fosforylaci), ktery
inhibuje urcitou bunécnou odpoveéd
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TRANSDUKCE SIGNALU — GTPazy (GTP FOSFOHYDROLAZY )

* Velkd superrodina protein(: heterotrimerické G proteiny, malé GTPazy, translacni faktory, a dalsi...
* Reguluji funkce: syntéza proteinQ, transport protein(, tvorba vacku, fuze vackad, reorganizace cytoskeletu...
* Funguji jako prepina¢ ON/OFF
* Vazi GTP (guanozintrifosfat) = aktivni forma (ON)
iy
— meni aktivitu cilového proteinu -
* Hydrolyzuji GTP na GDP (guanozindifosfat) = inaktivni forma (OFF) 2%

— nemeéni aktivitu cilového proteinu Active (~on’}

e Délka aktivace - zavisi na GTPazové aktivité

Activator protein Inactivator protein

GAP

(GTPase accelerating
protein)

(Guanine nucleotide
exchange factor)

Regulacni proteiny

* GEF (guanine nucleotide-exchange factors) - podporuji aktivitu @ P,
G
* GAP (GTPase-activating proteins) - podporuji hydrolyzu GTP s
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GTPazy (GTP FOSFOHYDROLAZY ) s et

Heterotrimerické G proteiny e o W
* SloZené ze 3 podjednotek /_ )
* q, B,y (vSechny maji nékolik variant) doman A;}mm
* Navazané na receptor (transmembranovy) — funguje jako GEF
e Aktivace receptorem
* Po aktivaci — uvolfiuji GDP, vazi GTP cumne
[ 5 |
/ . , . i ) NH
Malé monomerické G proteiny : :oa g ‘ | </~ | :)\NH:
« Homologni k alfa podjednotce °'_C|>__°_‘|)__°_°_°_,,°"’ e |
* Napr. Ras, Ras-like i oH H
* Interakce s receptorem pres adaptorové proteiny a GEFs i
« Zmény v konformaci po navazani GTP/ hydrolyze | GUANOSINE l

nucleotide

GUANOSINE TRIPHOSPHATE
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PREPINANi MONOMERNIHO G PROTEINU (RAS)

(a) GTP-bound "on" state (b) GDP-bound "off" state

Gly-60  Thr-35

Switch |

ON:
e 2 domény (Switch | a ll) — vazba s fosfatem GTP
e Konformacni zména proteinu

 Domeény Switch interaguiji s cilovym proteinem

OFF:
* Po hydrolyze fosfatu —relaxace Switch domén
* Konformacni zmeéna proteinu

* Domény Switch NEinteraguiji s cilovym proteinem
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AKTIVACE HETEROTRIMERICKEHO G PROTEINU

* MiZe byt s receptorem pfimo asociovany nebo azZ po aktivaci receptoru

i © Hormone
* 3 podjednotky: a, B,y -
fhoctive Trimeric Gg protein
* V neaktivni stavu — G, vaze GDP Ortosol EE57 f‘—‘—z EG
. . .. G, G D
* Po aktivaci receptor funguje jako GEF STATE L

(guanine nucleotide-exchange factors)

* Vymeéna GTP za GDP

* Konformacni zména a podjednotky

El Binding of hormone induces
a conformational change T ——
in receptor
D
Activated receptor P
binds to G subunit

Q-0

Activated receptor causes
conformational change in G,
triggering dissociation of GOP

* Hydrolyza GTP -> GDP uvolni Gz efektoru 5

g ac%@ﬂs‘:)

e Uvolnéni G proteinu od receptoru
* Disociace G, od dimeru Gg,
* G, aktivuje efektorovy protein

* G, také mize prenaset signal

e Znovusestaveni G proteinu

P Hydrolysis of GTP to GDP
' causes G, to dissociate from
effector and reassociate with G
() By
[ Hormone dissociates

from receptor; G binds
to effector, activating it

ﬂ' Q
P
? Bindi f GTPto G
g Binding o 0
P i triggers dissociation of G,
both from the receptor and
from Gg,

T
P
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EXPERIMENTALNI PRUKAZ RYCHLOSTI AKTIVACE G PROTEINU

Pomoci metody FRET - Forster (Fluorescence) Resonance Energy Transfer

studium interakce fluorescencné znacenych molekul
méreni nanometrovych vzdalenosti a jejich zmén mezi molekulami (1-10 nm)

2 fluorofory: donorovy + akceptorovy navazané na 2 proteiny

=
cAMP =F
@) g E
\ R o=
== @
Inactive S E
receptor 2o
LS5
( \  [G]&d | g8
e |~ A D _./ E E
Fluorescence P =~
527 nm TR
{yellow) ZLu;rgevscence
transfer Excitation light Fluorescence
440 nm 490 nm Excitation light
(cyan) 440 nm

Spectral overlap

Podminka: prekryv emisniho spektra donoru s excitacnim spektrem akceptoru

No FRET FRET
Donor  Acceptor Donor  Acceptor
emission excitation emission excitation
Qverlap
cAMP
added
1.0
0.8
| | | I
0 15 30 45 60
Time (s)
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UKONCENI SIGNALIZACE

Desenzitizace G proteinu
* Vazba regulacnich proteind (napf. RGS, regulator of G protein signaling)

e Urychluje GTPazovou aktivitu, ukonCuje signalizaci

Desenzitizace receptoru

* Fosforylace kindazami (PKA, PKC, GPCR kinazy)

* Vazba arrestinu

e Zabranuje interakci s G proteinem, vaze proteiny pro endocytézu

activated desensitized
GPCR GPCR

———

ACTIVATED
GPCR STIMULATES

ARRESTIN BINDS
TO

s GRK TO o P® PHOSPHORYLATED
PHOSPHORYLATE  ———u GPCR
THE GPCR ON " ADP
MULTIPLE SITES

———————————

arrestin

GPCR kinase (GRK)
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The Nobel Prize in
Physiology or Medicine
1994

G Proteins and Regulation of Adenylyl Cyclase

Alfred G. Gilman Martin Rodbell

"for their discovery of G-proteins and
the role of these proteins in signal
transduction in cells"

> 29257 1:00:07
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EFEKTOROVE PROTEINY G PROTEINU

* jontové kanaly

* membranové enzymy zodpovédné za tvorbu sekundarnich prenasecu

Receptor G protein Effector

reeTeTrePT I PP YR OPTPCCPOOPPP PR PO PO X

| A I F I FIF K I FKH W K I FIKIFIFH I FIFKIFKIFY
0

> 1,000 Adenylyl cyclase
Adrenergic 21 a-subunits Phospholipases C & A;
Dopaminergic 6 B-subunits cGMP phosphodiesterase
Opioid 12 y-subunits Potassium channels
Sensory - rhodopsin, Calcium channels

olfactory, taste
Glycoprotein hormones

Lipids and other
small molecules
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NAPOJENIi G PROTEINU NA MEMBRANOVE ENZYMY

Transdukce signalu do cytosolu — tvorba druhych posli

Typ G, urcuje typ efektoru

Enzymy:
Adenylatcyklaza — cyklicky adenosinmonofosfat (1, cAMP)
Fosfolipaza C — inositoltrifosfat (1"1P;), diacylglycerol (T DAG)
cGMP fosfodiesterdza — cyklicky guanosinmonofosfat (J,cGMP)

activated By complex activated enzyme

\
\

activated o subunit
of G protein

Many intracellularmessenger molecules
diffuse widely to acton target proteins in
various parts of the cell
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TABLE 15-1 | Major Classes of Mammalian Trimeric G Proteins and Their Effectors’

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

activates effector)

Goolf Adenylyl cyclase cAMP (increased) Odorant receptors in nose

Gen Phospholipase C IP;, DAG (increased) a-Adrenergic receptor

G Phospholipase C IP;, DAG (increased) Acetylcholine receptor in endothelial cells
G cGMP phosphodiesterase cGMP (decreased) Rhodopsin (light receptor) in rod cells

*A given G, subclass may be associated with more than one effector protein. To date, only one major G, has been identified, but multiple G, and
G, proteins have been described. Effector proteins commonly are regulated by G, but in some cases by Gg, or the combined action of G, and Gg,,
IP: = inositol 1.4.5-trisphosphate: DAG = 1.2-diacvlglvcerol.
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TABLE 15-3

g Some family Subunits that
. Family = members mediate action Some functions
. ) _ AMP (increased) B-Adrenergic (epinephrine) receptor;
: BB Gs o Activates adggylyl cyclase; receptors for glucagon, serotonin,
: activates Ca“™ channels vasopressin
: Golf a Activates adenylyl cyclase in cAMP (increased) Odorant receptors in nose
5 olfactory sensory neurons
ff I Gi o Inhibits adenylyl cyclase| cAMP (decreased) as-Adrenergic receptor Muscarinic
g _ Change in acetylcholine receptor
: By Activates K* channels membrane potential
ff Go By Activates K+ channels; inactivates
g Ca?+* channels
o and By Activates phospholipase C-B IP4, DAG (increased) gecrla;yrlchnllne receptor in endothelial
Gt (transducin) | « Activates cyclic GMP
. phosphodiesterase in vertebrate cGMP (decreased) Rhodopsin (light receptor) in rod cells
5 rod photoreceptors
:f Il Gq o Activates phospholipase C-p IP3, DAG (increased) aq-Adrenergic receptor
ff v Gi2/13 o Activates Rho family monomeric
g GTPases (via Rho GEF) to
. regulate the actin cytoskeleton
*Families are determined by amino acid sequence relatedness of the a subunits. Only selected
examples are included. About 20 a subunits and at least 6 B subunits and 11 vy subunits have
been described in humans.
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TRANSDUKCE SIGNALU PRVNIM A DRUHYM POSLEM

o e [
"-’-’-' oM
A et G @%mx)ﬁ
’ t a ,J-\ oa oS _.J ! e @ - o -
Prvni posel (1** messenger) . P Ay
* Extracelularni ligand — relativné velky protein (INS, EGF: 6-7 kDa; FGF2,/TGFf: 20-30 kDa) A - :I;mc_
| g

7 v o 7 . o l’? f P
* Velk t hl d - P@ i
ok ot e s Gkl
 Vazba na membranovy receptor m%{,ﬂ\ iﬁ)\ T e

& °“1‘j Insulin
? " " |
R

-r‘*‘
Druhy posel (2" messenger) 6 T
* Malé molekuly (Ca: 40 Da; fosfoinositidy: =1 kDa)

* Omezeny pocet (6 u Zivocich)

* cAMP; cGMP; 1,2-diacylglycerol (DAG); Ca?*;

1
CH3—(CH2),,—|C| —0—CH,

. L . ’7 . . . O

* inositol 1,4,5-trisphosfat (IP;); fosfoinositidy Gy (G0
7 . 7 o 0

° u 3

Rychla difuze cytoplasmou k cilim Fatty acy groups .

v . . .. , Giycerol Inositol
' 5. i ' 5. i -Di 1,4,5-trisphosphate
* Usnadnuje amplifikaci signalu 3'8/:Cyclic AMP 315"yl GMP 12Diayigycerl waphosp
Activates protein kinase A (PKA) Activates protein kinase G (PKG) Activates protein kinase C Opens Ca?+ channels in
and opens cation channels in (PKC) the endoplasmic reticulum

rod cells
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TRANSDUKCE A AMPLIFIKACE SIGNALU

signél

pfenos signalu

* Signdlni drdha — kombinace signalnich protein(

* Kazdy stupen transdukce maze amplifikovat signal
STAFETA

modulace

* Vznik amplifikacni kaskady dalsimi faktory

amplifikace

» Aktivace/inhibice velkého mnozstvi cilového proteinu
rozraznéni
na rozliéné cile
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TRANSDUKCE A AMPLIFIKACE SIGNALU

Priklad: Adrenalinova signalizace -> glykogenolyza v hepatocytech

e Adrenalin (epinefrin) - velmi nizkd koncentrace v krvi

* Vazba na B-adrenergni receptor (sprazeny s G-proteinem)

e Aktivace adenylatcyklazy

» Syntéza cAMP (druhy posel) - 10.000x vic molekul nez signdlu

» Dalsi 3 katalytické kroky - 10.000x zesileni

* Celkem: 108 x zesileni signalu -> stépeni glykogenu -> produkce glukozy

o EPinephrine (107" M)

Amplification /l\

A A A Adenylyl
cyclase
Amplification ‘// \‘\‘
\%
Y 'S Y cAMP (1076 M)

[ X J [ X J
l l Y l l Protein
- = - - = kinase A
Amplification ‘//\
4 Activated
enzyme
Amplification ‘//\\‘
\%

@ @ Y ° ® Product

© Hormone (epinephrine)

o,

Enzyme
(adenylyl
cyclase)

Receptor
(B-adrenergic) G protein
Cytosol (Gopy ¥  Second

4 4 messenger
4 4 (3 5-cyclic
AMP)

Protein
kinase
(protein
kinase A)

Modification of cellular metabolism,
function, movement (glycogen synthase;
glycogen phosphorylase kinase)

@C;—J"—JQ
L ® %§

Nucleus Target proteins .

Modification of

gene expression
(CREB)
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RECEPTOR A G-PROTEIN URCUJE BUNECNOU ODPOVED

Adrenalin a stresova reakce organismu "fight-or-flight" STRESS RESPONSE

Adrenocorticotropic
Hormone (ACTH) Adrenal Glands

@©
e

* Adrenalin se vdze na rizné receptory ruznych bunék
e Aktivace Bl-adrenergniho receptoru bunék srde¢ni .
svaloviny -> G, -> tvorba cAMP -> zvySeni kontrakce a
krevniho zasobeni

* Aktivace al-adrenergniho receptoru bunék hladké
svaloviny v travici soustaveé, k(izi a ledvinach -> Gyq = 7\
tvorba druhych posli DAG a IP3 -> zdzZeni céy, snizeni /

pritoku krve, rozpad glykogenu ’
* Aktivace a2-adrenergniho receptoru u jinych skupin Liver $ %
. ’ v . TR 7 Converts i — al L
somatickych bunék -> G, -> inhibice tvorby druhého Glycogen  ncreased T 4 el
to Glucose isi
posla cAMP S sl = L

~ ADRENALINE

. Digestion
Slows Down

Integrovana odpovéd organismu s cilem zasobovat svaly
energii, ostatni tkiné omezeny, srdecni stimulace,
mobilizace cukr( a tukd, roztazeni dychacich cest
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Receptory sprazené s G-proteiny
jako cile l1écCiv

Velké mnoizstvi receptorl reguluje velké
mnozstvi bunéénych procesu

Podil na rliznych patologiich

Cile IéCby: pouziti antagonist( i agonistu

TABLE 15-1 Human G Protein—-Coupled Receptors of Pharmaceutical Importance

Receptor Natural Ligand Location Physiological Drug Medical Use
Function
Histamine Histamine Acid- Stimulates Cimetidine Prevent acid
H2 receptor secreting acid (Tagamet) stomach;
cells of the secretion Ranitidine treat peptic
stomach (Zantac) ulcers
(antagonists)
Histamine Histamine Smooth Increases Fexofenadine Reduce
H1 receptor muscles, vascular (Allegra) symptoms of
vascular permeability Loratadine allergy
endothelial and causes (Claritin)
cells symptoms (antagonists)
of allergy
Seratonin Serotonin Central Synaptic Clozapine, Treat
S5HTop nervous transmission risperidone schizophrenia
system between (antagonists)
neurons
Seratonin Serotonin Central Synaptic Buspirone Treat
5HTq5 nervous transmission (BuSpar) depression,
system between (agonist) general
neurons anxiety
disorder
Angiotensin Angiotensin Vascular Constrict Losartan Reduce
AT4 Il smooth blood (Cozarr) hypertension
muscle vessels and (antagonist)
cells increase
blood
pressure
Bo- Epinephrine Smooth Facilitate Salmeterol Treatment of
adrenergic muscle respiration (Severent) asthma,
receptor cells lining (agonist) chronic
the airway obstructive
pulmonary
disease
CysLT4 Leukotrienes Lungs, bronchial Contracts smooth Montelukast Treatment of

tubes, mast
cells

muscles

(Singulair)
(antagonist)

asthma, seasonal
allergies




BAKTERIALNi TOXINY JAKO INHIBITORY FUNKCE G PROTEINU

Cholera toxin

e produkovdn plvodcem cholery Vibrio cholerae

* prochazi plasmatickou membranou epitelidlnich stfevnich bunék

* Katalyzuje kovalentni zmény G,

* G, stale aktivni—> aktivuje adenylat cyklazu bez aktivace receptoru

* Neustale zvySend produkce cAMP -> ztrata iontd (Cl-) a vody z bunék do streva
* Prljem =typicky ptiznak cholery

Pertusovy toxin

* produkovdn plvodcem cerného kasle Bordetella pertussis

e prochazi plasmatickou membranou bunék epitelu dychacich cest

* Modifikuje G,; - brani uvolnéni GDP

* G, zUstava v inaktivnim stavu -> neinhibuje adenylat cyklazu

* Neustale zvySena produkce cAMP -> ztrata iontl a vody z bunék, tvorba hlenu
» Davivy kasel = typicky priznak ¢erného kasle

* Oba toxiny — poufZiti ve vyzkumu, zjisténi, zda jde signalizace pres G nebo G,




When Im around the membrane,
how will | recognize and bind to her..

. No worries son!
scared!
lm Qrp&’ Evpruﬂﬂml will be Fine.

You will be recoqnizoé...

www.biocomicals.com
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