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Bunecha komunikace

Cesta od jednobunécnych k mnohobunéénym organismtm (asi 2,5 bil. let)
Dano zejména potrebou vytvoreni signalnich mechanismd, které umoznuji
vzajemnou komunikaci bunék, aby chovani bunék mohlo byt spravnée
koordinovano.

Selhani této kontroly — patologické stavy, napr. vznik nadorového onemocnéni

Organizace tkané je zachovana diky trem faktor@im:

1. — bunky kontroluji své okoli a vnimaji signaly od
ostatnich bunék (rlstové faktory, faktory pro preziti). Nové bunky vznikaji
pouze tehdy a tam, kde je treba.

2. — r@zné bunky maji na povrchu rlizné
adhezivni moIekuIy, které maji tendence vazat se k bunkam stejného typu,
s urcitymi jinymi bunécnymi typy nebo specifickymi slozkami extracelularni
matrix (ECM). Zabranuje chaotickému michani réiznych bunécnych typ0.

3. — specialni formy genové exprese vzniklé béhem
embryonalniho vyvoje jsou stabilné udrzovany — bunky si uchovavaji svij
charakter a prenaseji ho na potomstvo.



Chovani bunék a rovnovaha v bunécnych populacich jsou
regulovany komplexnim integrovanym komunikacnim
systémem, ktery zahrnuje

Zivociéné burky obsahuiji systém proteind, ktery jim
umoznuje reagovat na signaly jinych bunék.

Zahrnuje

receptorove proteiny na bunécném povrchu nebo uvnitr
bunék (v cytoplasmé nebo v jadre), proteinove kinazy,
fosfatazy, proteiny vazici se na GTP a radu dalSich
vhitrobunécnych proteind, se kterymi tyto signaly
interaguiji.



Typy komunikace: (endogenni regulatory — hormony,
cytokiny, neurotransmitery, exogenni latky — potrava, chemikalie),

(druzi poslové, prenos signald) a
— malé signalni molekuly — 1kD)
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Typy signalu

— nervové bunky nebo neurony, produkce
neurotransmiteru. Plsobi méné ve vyssich koncentracich
(5x10+ M) a jejich receptory maji relativne nizkou afinitu ke
svym ligand@m.

— hormony prechazeji krevnim recistem k
cilovym bunkam. Tyto signaly jsou relativhé pomalé proti
nervovym signaltim, plsobi vSak ve velmi nizkych
koncentracich (méne nez 108 M)

— lokalni ovlivhovani bunék na kratké vzdalenosti
(cytokiny, eikosanoidy)

— bunka vysila signal, ktery se vaze zpétné na
jeji receptor. Dilezité pri raném vyvoji a odpovédi na
diferenciacni signaly a u eikosanoiddl.



Formy mezibunécnych signalu

(A) CONTACT-DEPENDENT
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Figure 15-4 part 2 of 2. Molecular Biology of the Cell, 4th Edition.




Rozdil mezi endokrinnim a synaptickym
signalem

(A) ENDOCRINE SIGNALING (B) SYNAPTIC SIGNALING

neurons

endocrine
cells

neuro-
transmitter

bloodstream

target cells

Figure 15-5 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



Autokrinni signal

Oa® &
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A SINGLE SIGNALING CELL IN A GROUP OF IDENTICAL SIGNALING
RECEIVES A WEAK AUTOCRINE CELLS, EACH CELL RECEIVES A STRONG
SIGNAL AUTOCRINE SIGNAL

Figure 15-6. Molecular Biology of the Cell, 4th Edition.



Komunikace s extracelularni matrix (ECM)

Collagen .b Collagen |

* Laminin | (2 & ‘
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ECM produkuje latky (kolagen, laminin, fibronectin), které se vazi na bunécné receptory
(integriny, lamininové rec., syndecany) a spoustéji signalni kaskady ovlivhujici chovani
bunék (bunécény cyklus, rust, apoptézu, motilitu, angiogenezi)



Faktory zprostredkujici komunikaci pusobi v siti
(komunikace mezi burikami imunitniho systému a nadorovymi burkami)
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Transdukce (prenos) signalu

Zprava prijata na povrchu bunky je predavana od jednoho
souboru ke druhému,
pricemz kazdy soubor vyvolava tvorbu dalsiho.

Klicové vnitrobunécné signalni proteiny

molekulové prepinace — jsou signalem prevedeny
z neaktivniho do aktivniho stavu a pak zase inaktivovany

Signalizace fosforylaci — aktivace kinazou a inaktivace
fosfatazou

Signalizace pomoci GTP-vazebnych proteinll — aktivace prevod
GDP-GTP, inaktivace hydrolyzou GTP

Nakonec je napr. aktivovan metabolicky enzym, zahajena
exprese genu nebo zménen cytoskelet — vysledkem je



Zjednodusené schéma vnitrobunécné signalni
drahy aktivované mimobunécnou signalni

EXTRACELLULAR
molekulou SIGNAL MOLECULE
RECEPTOR PROTEIN

INTRACELLULAR
SIGNALING PROTEINS

R R B e=(

/TN

TARGET
x A oe—e I

metabolic gene regulatory cytoskeletal

enzyme protein protein
altered altered gene altered cell
metabolism  expression shape or
movement

Figure 15-1. Molecular Biology of the Cell, 4th Edition.
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Zakladni funkce signalni kaskady
vhnitrobunécnych molekul

Fyzicky prenaseji signal z bodu, kde byl prijat, do
bunécneho aparatu, ktery vytvori odpoved.

Transformuji signal do molekularni podoby, ktera mlize
odpoved' stimulovat.

Signalni kaskady mohou prijaty signal zesilovat. Pak nékolik
extracelularnich signalnich molekul vyvola rozsahlou
odpoved'.

Signalni kaskady mohou signal rozdelit tak, aby soucasné
ovlivnil nékolik déji a mohl byt predan rliznym cilim uvnitf
bunky — rozvetveny tok informace a komplexni odpoved.

Kazdy krok signalni kaskady je otevren plsobeni dalSich
faktord a prenos signalu mdze byt modulovan.



Ruzné typy vnitrobunécénych signalnich proteint
ucastnicich se signalni drahy od receptoru na povrchu

bunky k jadru

extracellular signal molecule

receptor protein I | ]
Slasiia meribrane atent gene regulatory protein
—
f/f—'- I — ——
PN ) CYTOSOL

scaffold protein ? relay pr®

bifurcation protein <>‘ adaptor protein
-— . :\“ /:,/ rnn \s\w’:—»—»
2 ‘ o

amplifier and

transducer protein small
e intracellular
T T T 11 7 ) mediator
©e0© 00600
integrator protein __ |
\“Yanchoring

| protein—
—er =

1\

modulator protein 1

messenger
nuclear envelope 7Y  Protein
N\ 7
= NUCLEUS =~
target protein

activated gene
DNA g

signal response 1 GENE
element TRANSCRIPTION

Figure 16-16. Molecular Biology of the Cell, 4th Edition.

Signalni proteiny a vnitrobunécné
mediatory predavaji mimobunécny signal
do bunky a zpUsobuji

Mohou signaly
1) Pouze predavat dal (relay)

2) Prenaset z jednoho mista bunky na jiné
(messenger)

3) Vazat navzajem signalni proteiny (adaptor)
4) Zesilovat (amplifier)

5) Ménit na jinou formu (transducer)

6) Rozdelit (bifurcation)

7) Integrovat(integrator)

Kromeé toho existuji proteiny modulujici

(modulator), ukotvujici (anchorage) nebo
spojujici (scaffold) signalni molekuly
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ANALOGIE SIGNALNICH DRAH V BUNKACH
(zjednodusené schéma)
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ANALOGIE SIGNALNICH DRAH V BUNKACH
(paralelni a krizici se drahy)
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Integrace signalu

(A) (B)
A B

\ /

ATP ATP

ADP j\ /C ADP
0‘0 G

v

DOWNSTREAM SIGNALS DOWNSTREAM SIGNALS

Figure 15-18. Molecular Biology of the Cell, 4th Edition.
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Dva typy vnitrobunécnych signalnich komplexu

(A) PREFORMED SIGNALING COMPLEX (B) ASSEMBLY OF SIGNALING COMPLEX FOLLOWING RECEPTOR ACTIVATION
ON SCAFFOLD

inactive receptor

signal molecule

signal molecule inactive receptor

activated receptor

CYTOSOL " . 5 ] P ivated 2
inactive 2 activate activate i
intracellular intracellular intracellular 5,
scaffold signaling protein 1 o signaling protein 1 signaling o 4
protein inactive activated — RrEOleIng "" activated receptor
intracellular intracellular Inactive @
signaling protein 2 4. signaling protein 2 intracellular @ 71N
inactive » activated signaling
intracellular intracellular proteins downstrleam
signaling protein 3 > signaling protein 3 SIHERLS
RS
\ : : -
downstream Figure 15-19 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
signals

Figure 15-19 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

Pfedem vytvofena kontrukce
signalniho komplexu aktivovana
po navazani sign. molekuly

Seskupeni signalniho komplexu
po aktivaci receptoru
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Vytvareni

zavisi na rade vysoce konzervovanych, malych
vazebnych domén nalezenych u mnoha vnitrobunécnych
signalnich proteind (Src homologni 2 a 3 domény —
SH2, SH3, phosphotyrosine-binding (PTB) domény).

Nekteré povrchové receptory a vnitrobunécné signalni
proteiny se sdruzuji prechodné ve specifickych
mikrodoménach lipidové dvojvrstvy plasmaticke
membrany bohatych na cholesterol a sfingolipidy —

. Vazby v téchto mikrodoménach
pomoci kovalentné pripojenych lipidovych molekul
podporuji rychlost a U¢innost signalniho procesu a
usnadnuiji spojeni a interakce signalnich molekul.



Komunikace probiha pres bunécné membrany

Bunécna membrana je komplexni struktura slozena z riznych ¢asti —
proteinu, fosfolipidd a cholesterolu. Fluidni mozaika — relativhi mnozstvi
téchto komponent i typy lipidu se liSi od membrany k membrané.
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Pietzsch J et al., Nature Reviews, 2004

Membranové proteiny

Zakotvené v lipidové dvojvrstve
reguluji chovani bunék a organizaci
bunék ve tkanich.

Adhezivni proteiny drzi bunky
pohromadé a preklenuji membranu
jednou

Receptorove proteiny preklenuji
membranu jednou nebo vickrat.
Vazba signalni molekuly iniciuje
odpovéd’ na druhé strané a dochazi
k preméné jednoho typu signalu na
jiny — signalni transdukce.

Tyto proteiny maji na vnitrni strané
membrany dlouhé sekvence
hydrofébnich aminokyselin
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Pro aktivaci signalu jsou dulezité specifické
mikrodomény

Lipidové rafty - malé oblasti proteind a lipid& ve vnéjsi
casti membrany s unikatnim slozenim lipid{ — bohaté na
sfingolipidy a cholesterol.

Caveolae — mikrodomény tvorené proteiny caveoliny

Sfingolipidy obsahuiji dlouhé retézce nasycenych kyselin,

jsou pevné vazany v dvojvrstvé (packing) — tvori gelovou
fazi. Po vazbé s cholesterolem se struktura méni — tekuta
faze — vice fluidni

Tyto struktury jsou funkcné zahrnuty

v kompartmentalizaci, modulaci a integraci bunécnych
signalt moduluji dllezité procesy jako bunécny rust, preziti
a adhezi.

Zahrnuji nebo vylucuiji specifické proteiny.



Modulace lipidti (DHA)- lipidové rafty —
modulace signalti TNFR
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Figure 2. Examples of How Lipid Rafts Can Modify Early Events in TNFR Family Signaling

(A) In activated CD4™ T cells, Fas is excluded from lipid rafts. Outside of lipid rafts, Fas is likely to be monomeric. After engagement by FasL,
although FADD and caspase-8 are recruited to Fas, they do not signal efficiently for death. Upon TCR restimulation, Fas translocates into
lipid rafts where it tends to preassociate. Within lipid rafts, upon FasL binding, FADD and caspase-8 are recruited to Fas where caspase-8

can autoactivate and trigger cell death.

(B) Upon TNF binding, TNFR1 translocates into lipid rafts wherein complex | formation takes place and results in the activation of NF-«B.
Through mechanisms described in Figure 1, NF-xB can inhibit caspase activation within complex Il. When cholesterol is depleted, lipid raft
structure is disrupted and complex | forms outside of lipid rafts and cannot signal efficiently for NF-xB and therefore cannot inhibit death

induced by complex Il. The thickness of the arrows indicates relative efficiency of each signaling pathway.



VétSina mimobunécénych signall je zprostredkovana

4

Nékteré signalni molekuly jsou dostatecné , Z€
snadno projdou pres plasmatickou membranu a uvnitr pak primo
reguluji

Napr. molekuly nékterych plynt jako je oxid dusiku (NO) nebo uhliku
(CO).

NO je vytvaren enzymem NO syntazou deaminaci aminokyseliny
argininu. NO difunduje skrz membranu bunky, ktera jej tvori a prochazi
do sousednich bunék. Funguje jen lokaln€, protoze ma kratky polocas
zivota, pouze 5-10 vterin, a v mimobunécném prostoru je premenovan
na nitraty nebo nitrity. V. mnoha cilovych bunkach napr. v
endotelialnich, reaguje NO s zelezem v aktivnim misté enzymu guanylyl
cyklazy a stimuluje produkci vnitrobunécného mediatoru cyklického
GMP.

Podobné funguje CO.



Oxid dusiku

NO - dllezita signalni molekula pro plsobeni acetylcholinu
uvolnovaného autonomnim nervstvem ve sténach krevnich cév.
Uvolnény NO funguje jako relaxacni signal a zplsobuje

Tento Ucinek NO na krevni cévy je podstatou plisobeni nitroglycerinu,
ktery je jiz vice nez 100 let pouzivan jako lék pro pacienty s anginou
pectoris trpicich bolesti zplisobenou nedostatecnym zasobovanim
srdeCniho svalu krvi. Nitroglycerin je preménovan na NO, ktery
uvolnuje svaly cév, Cimz redukuje napor na srdce a snizuje tak
pozadavek srdecniho svalu na kyslik.

NO je produkovan takeé jako aktivovanymi makrofagy a
neutrofily @ pomaha jim zabijet mikroorganismy.

NO je vyuzivan radou typ{ nervovych bunék pro signalovani sousednim
bunkam: je uvolnovan napr. autonomnim nervstvem v penisu a
zpUsobuje lokalni dilataci krevnich cév odpovédnou za erekci.



Uloha oxidu dusiku (NO) v relaxaci bunék
hladkého svalstva cévni steny

activated
nerve terminal

o——— acetylcholine
@ activated NO synthase NO bound to

o1 guanyilyl cyclase
=7
arginine 2L ® [ N J

o® o
nitri ) RAPID DIFFUSION OF NO
ACROSS MEMBRANES

/
endothelial cell

RAPID RELAXATION smooth muscle cell

OF SMOOTH MUSCLE CELL /

g 3

Figure 15-11. Molecular Biology of the Cell, 4th Edition.
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Plasma membrane

V/BZ or O,-

NO, ROS,
ONOO
Nitrosation OX|dat|on N|trat|on Metal complexes
| -
Protein kinases Protein
SAPK, p38, JAK, ERK phosphatases RAS
MKP-1, PTP
7_:

Nucleus
/ Transcription factors \
/ NFkB, AP-1, C/EBP, Sp-1, RXR \

W r Gene transcription

Hypotetické schema modulace toku signalu oxidem dusiku (NO) vedouci ke zménam aktivace

transkripénl'ch faktord a genové exprese (AP-1 aktivacni protein 1, £ERK mimobunécnym signalem regulovana
kinaza, JAK Janus protein kinaza, MKP-1 mitogenem aktivovana protein kindza fosfataza-1, NFkB jaderny faktor kB, O,-
superoxid, ONOO peroxynitrit, p38 p38 mitogeny aktivovana protein kinaza, PTP protein tyrosin fosfataza, Ras maly GTP-
vazebny protein, ROS reaktivni kyslikové metabolity, RXR retionid X receptor, SAPK stresem aktivované protein kinazy)
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Ovlivnéni prenosu signalt a uc¢inky ROS na bunécny cyklus a bunécnou smrt
Ucinky jsou zavislé na davce a délce expozice

necrosis
, Signal transduction
NCkI’OZ& DNA, protein and lipid damage G1/S/G2/M
p53/p21 n arrest
Apoptoza apoptosis
( Signal transduction A I
AP-1iSp1 ¥ p21 A r[ S/G2/M arrest ]
Siﬂé‘;:f;ﬂ!dlldj:ﬂ’l‘ transient——| permanent
Zastava bun. 053 > p214

eykle N

G1/5/G2 arrest
transient

Signal

Prolonged
signal
tranduction A

transduction A

Diferenciace

G1 arrest

permanent
“differentiation”

Proliferace Enhanced

proliferation

Fig. 3. Scheme, representing the multitude of effects that ROS can have on signal transduction and cell cycle progression. For a given cell and ROS tvpe the
effects depend on the amount of ROS and the duration of exposure of the cells to ROS. A short exposure to relatively low doses results in an activation or
enhancement of signal transduction pathways leading to (enhanced) cell proliferation. Prolonged exposure to these ROS concentrations will result in prolonged
activation of these signal transduction pathways, comparable to the effects of differentiation factors, which will result in a G1 arrest. At higher concentrations
and possibly depending on the cellular localization of the ROS, damage to DNA might occur, resulting in an induction of p53 activity and consequently in
expression of p21. During the subsequent cell cvcle arrest DNA repair will oceur afier which cell proliferation will resume. Alternatively p21 may become
expressed due to the AP-1 or Spl sites, which are redox sensitive, resulting in a transient or permanent G 1 arrest. [f the amounts of ROS are again higher, either
due to increase concentrations or prolonged exposure, all changes described above will take place, together with structural damage to proteins and lipids. Under
these conditions, cells will arrest in all phases of the cell cycle, especially in the G1 and G2 phases and the cells will undergo apoptosis. Upon sever damage the

cells may directly undergo necrosis. Boonstra and Post. Gene 2004
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Zivota (tloustka Sipek — relativni intenzita procesu) — nenasycené vs. nasycené MK

Hulbert AJ et al., Physiol Rev 2007



Receptory

Vétsinou , které vazi mimobunécné signalni
molekuly (hydrofilni) — ligandy a jsou-li aktivovany vznika kaskada
vhitrobunécnych signald, které méni chovani bunky.

(v cytoplasmeé nebo v jadre) — pro malé
hydrofobni ligandy

Kazda bunka mnohobunécného organismu je exponovana stovkami
rlznych signall z prostfedi a musi na né reagovat selektivné.
Specificky zplsob odpovédi bunky na okoli se lisi podle souboru
receptorovych proteind, které burika ma, vnitrobunécné masinerie,
kterou bunka reaguje a interpretuje ziskanou informaci. Tak jedna
signalni molekula mlze mit casto rozdilné Ucinky na rtizné cilové
bunky.

Burika reaguje na rfizné soubory signall bud’ proliferaci, diferenciaci,
nebo vykonavanim specif. funkci.
Signaly pro preziti — absence signalll — programovana bunécna smrt



Vazba mimobunécnych signalnich molekul k
povrchovym nebo vnitrobunéénym receptorim

CELL-SURFACE RECEPTORS

celiisurface plasma membrane

receptor

hydrophilic signal
molecule

INTRACELLULAR RECEPTORS

small hydrophobic
/—\./ signal molecule

S
7
carrier protein

{

) nucleus
intracellular receptor

Figure 15-3. Molecular Biology of the Cell, 4th Edition.



Zavislost zivocisné bunky na mnohonasobnych
mimobunécnych signalech

A

S
B— @ = SURVIVE = @
e

A

N (@)
e

A
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B e @ ~DIFFERENTIATE -
c” 1 L
apoptotic

Figure 15-8. Molecular Biology of the Cell, 4th Edition.
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Ruzné odpovédi indukované
neurotransmiterem acetylcholinem

(A) heart muscle cell

i
iy

acetylcholine Ww

DECREASED RATE AND
FORCE OF CONTRACTION

(B) salivary gland cell

)
—=30 -l -
recept_or A A
protein SECRETION

Figure 15-9. Molecular Biology of the Cell, 4th Edition.

(C) skeletal muscle cell

CONTRACTION

(D) acetylcholine

(ﬁ CH3

|
H3C—C—O—CH2—CH2—TJ+— CH3

CH3
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Povrchové receptory

Prenasece signall, které preménuji vnéjsi podnét na jeden nebo vice
vnitrobunécénych signald.

Tri zakladni typy:

1) vazaneé na iontove kanaly — pro rychlé synaptické signaly el. vybuditelnych
bunék — nervové bunky, neurotransmitery

2) vazané na G-proteiny

3) vazané na enzymy

Ad 1) a?2)

Po aktivaci protein{ je zahajena fosforylacni kaskada, kterou je signal prenasen
do jadra, kde se méni exprese specifickych genl a tim i chovani bunky

Hlavni typy proteinovych kinaz - serin/treoninové a tyrosinove kinazy (asi 2%
genomu).

Komplexni chovani bunky jako je prezivani a proliferace jsou obecné stimulovany
spise nez jednim samostatnym signalem.

Bunka musi integrovat informaci prichazejici s jednotlivymi signaly, aby mohla
prislusné reagovat - Zit ¢i uhynout, proliferovat ¢i zstat v klidu nebo diferencovat.

Integrace je zavisla na interakci mezi réiznymi fosforylacnimi kaskadami proteind,
které jsou aktivovany rliznymi vnéjsimi signaly.



Tri typy bunéénych povrchovych receptort

(A) ION-CHANNEL-LINKED RECEPTORS

. -
@ ions
. . plasma =

1 :
B membrane signal molecule

(B) G-PROTEIN-LINKED RECEPTORS

signal molecule

-

enzyme activated

G protein activated enzyme
R G protein y

Figure 15-15 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Vnitrobunecné receptory

Proteiny regulujici transkripci genl — superrodina receptor pro steroidni hormony.
Ligandy jsou malé hydrofébni signalni molekuly - steroidni a tyroidni hormony, retinoidy a
vitamin D.

Typ I: lokalizovany v cytoplazmé v inaktivni formé (Casto spojeny s tzv. “heat shock
proteiny”). Po vazbeé ligandu translokace do jadra.

Priklad: receptory pro steroidni hormony (glukokortikoidy, androgen, progesteron,
estrogen, dioxinovy Ah receptor (vazba s proteinem Arnt)

Typ II: lokalizovany v jadre. Po vazbe ligandu konformacni zmény. Mohou se vazat na
DNA i bez ligandu.

Priklad: tyroidni receptory (TR), receptory pro kys. retinovou (RAR, RXR), vitamin D3
(VDR), peroxisomové proliferatory (PPAR)

Dochazi k propojeni drah signalové transdukce (“cross-talk”).
Tvorba homo- a heterodimerd: PPAR-RXR, TR-RAR

Aktivované receptory se vazi na specifické sekvence DNA - responsivni elementy.

Dvoustupriova reakce: a) pfima indukce transkripce malého mnozstvi specifickych gend
béhem 30 minut - primarni odpovéd’, b) produkty téchto gend pak aktivuji dalsi geny a
vyvolavaji zpozdénou sekundarni odpoved.

Indukce charakteristické odpovédi u organismu:

1) jen urcité typy bunék maji prislusné receptory,

2) kazda z téchto bunék obsahuje rliznou kombinaci jinych (pro bunécny typ specifickych)
geny regulujicich proteinl, které spolupracuji s aktivovanym receptorem a ovliviuji
transkripci specifického souboru gendl.



Nékteré signalni molekuly vazici se
k molekularnim receptorim

CHoOH OH
OH OH
C=0
" ) /C(Sjﬁ \/Q:Sjj :
HO
O estradiol testosterone

cortisol

vitamin D3
HO

| | T
HOOOQCHz—C—COO_
1 ' r|\1H3+ CH3 CH3 CHgi)
G
thyroxine O

H3C CH3

Figure 15-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition. retinoic acid

Figure 15-12 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Superrodina vnitrobunécnych receptoru

DNA-binding
domain
N A c
cortisol receptor

N C
estrogen receptor

N C
progesterone receptor

N-m————C
vitamin D receptor

N &
thyroid hormone receptor

N €
(A) retinoic acid receptor

ligand-binding

domain
transcription-activating
domain

H2N

DNA-binding domain

inhibitoryc
proteins

(B) INACTIVE RECEPTOR

OOH

coactivator
proteins

Iigand (D)

Figure 15-13 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

DNA ——

- ¢
receptor-binding transcription of
element target genes

(C) ACTIVE RECEPTOR

Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

(A) Podobna struktura receptorli s vazebnou doménou

(B) Receptorovy protein v inaktivni formé vazan na inhibi¢ni proteiny

(C) Po vazbé ligandu disociace inhibic¢niho proteinu a navazani koaktivatoru k transkripci
aktivujici doméné receptoru

(D) Trojrozmérna struktura domény vazici ligand bez a s navazanym ligandem.

Alpha helix (modre) funguje jako vicko zajist'ujici polohu ligandu
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Odpoveédi indukované aktivaci hormonalnich
receptoru

(A) EARLY PRIMARY RESPONSE TO STEROID HORMONE (B) DELAYED SECONDARY RESPONSE TO STEROID HORMONE

steroid steroid hormone
hormo? X r.e‘c opLok secondary-response proteins
I n e PA o
ﬁb oo .‘ 4 o9

>

1 _ __lon

steroid-hormone-receptor
complexes activate primary-
response genes
Q0 o
} } _ DN D

A
— — = —
l l a primary-response a primary-response
protein shuts off protein turns on
O B primary-response  secondary-response
O (] genes genes

induced synthesis of a few different
proteins in the primary response

Figure 15-14 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Pét zpusobu ztraty citlivosti cilové bunky k
signalni molekule

receptor signal intracellular
protein  molecule signaling protein

) 3
é\'— inhibitor&
protein
endosome
RECEPTOR RECEPTOR RECEPTOR INACTIVATION OF PRODUCTION OF

SEQUESTRATION  DOWN-REGULATION INACTIVATION SIGNALING PROTEIN INHIBITORY PROTEIN

Figure 15-25 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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STIMULACE ESTROGENNIHO RECEPTORU

'e.:s

-

GF

-
E2

4. nongenomic

(o

2. ligand-independent

g2 | 1. classical N
B3 /‘ n e - mRNA
3. ERE-independent | - j /
- E2 -.,, Polysomes

« -
Thiin Restonsia ‘_/ Protein /

GF — rustovy faktor, E2 — estradiol, R-E2 — estrogenni receptor,
ERE — responsivni element DNA, AP-1 —transkripCni faktor



Peroxisomové

proliferatory @ 9-CSRA
(fibraty, faldty [ —= P N\
apod.) / 4 N
PPY
= RXR
Vyziva > >
Y 4 XN [PPAR RXR
Mastné kyseliny "oz
(PGJ2, LTB4) JUTPPR "n‘_’n CliegEny
\_ Trankripce //
Specifické bunécné odpovédi Y
Proliferace Diferenciace a zrani Apoptoza
v v v

Medical relevance

* Klonalni expanze
preadipocytd
podporujici
adipogenesi (Ucast
PPARY.)

* Hypotetické riziko
bunécné rlstové
stimulace aktivaci
PPARS.

* Diferenciace monocytd /

macrofagd (podil
PPARy)vedouci k
urychlené ateroskleroze

* Ochranné ucinky
PPARa.

* Diferenciace adipocytl
odpovédna za obezitu a

dalSi poruchy (podil
PPARG.)

* ZvysSena exprese
PPARy by mohla vést k
apoptdze nadorovych
bunék a predstavuje
mozny terapeuticky
protinadorovy pristup

Dllezitost PPARs v
bunécné proliferasci,
diferenciaci a
apoptoze.

Po aktivaci, PPAR a
RXR tvori
heterodimery, které
se vazou na
regulacni sekvence
cilovych genl
prostrednictvim
PPRE na DNA.

Kontrola transkripcni
aktivity cilovych
genl PPAR vede k
biologickym Gcink@m
ovliviujicim lidské
zdravi.

LTB4, leukotrien B4;
PGJ2, prostagladin
J2; PP, peroxisom.
proliferator; PPAR,
receptor aktivovany
PP; PPRE, respon-
sivni element pro
PP; 9-cis-RA, 9-cis-
retinova kyselina;
RXR, receptor pro 9-
cis RA.



Schéma sighalnich drah PPAR

PPARs funguiji jako heterodimery s jejich obvyklym partnerem — retinoidnim
receptorem (RXR)

CoRep korepresor, Co Act koaktivator,RXR receptor pro retinovou kyselinu X, PPRE responsivni element pro PP
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Zmény korepresoru/koaktivatoru zavislé na ligandu

—LIGAND + LIGAND: step 1 + LIGAND: step 2

proteasome

[ |

UbcH5 £

-
s
---------

Coactivators

-
. -
uuuuuuu

Fig. 2. Ligand-dependent corepressor/coactivator exchange. Certain PPAR target genes are maintained in an inactive state in the absence
of ligand by the constitutive association of a PPAR/RXR heterodimer bound to corepressors (—LIGAND). These corepressors associate
with histone deacetylases (HDACs) which maintain histone tails in a hypoacetylated state. The nuclear corepressor exchange factors
(NCoEx) TBLI and TBLR1 are also bound to the receptors. Upon ligand binding, NCoEXx recruit the E2 ubiquitin conjugating enzyme
UbcHS and the ubiquitylation machinery to induce ubiquitylation and subsequent proteasomal degradation of corepressors (+LIGAND:
step 1). Thus, NCoEx facilitate the clearance of corepressors, which allows efficient coactivator recruitment and transcriptional activation
(+LIGAND: step 2). This model is derived from [26,124].

Feige JN et al., Progress in Lipid Res 2006, 45:120



Dulezité signalni drahy a molekuly indukované ci inhibované PPAR

Il B-catenin

. / '.
J PTEN /

-

akt @clin D

J

Cell cycle
Caspase El|

arrest

p18
p21

L

\

PPARYy indukuje fosfatazu PTEN vedouci k inhibici kinazy Akt.
Akt ma antiapoptické Ucinky (inhibice kaspazy-9).
PPARYy zpUsobuje zastavu bun. cyklu represi cyklinu D, indukci p18, p21,

p27 a interakci s Rb. PPARy rovnéz potlacuje beta-katenin a COX-2
podporujici karcinogenezi kolonu.

Voutsadakis IA, J Cancer Res Clin Oncol 2007, 133:917



Aktivacni signal pro NFkB >

| ()) \_(b)
Activace IkB Fosforylace NF-«B
l kinaz
Fosforylace, Konformacni
ubiquitinace a zmeny
degradace 1xB l
] l Modulace jaderného importu, vazby na
Jaderna translokace a vazba DNA, interakce protein-protein s
NF-xB na DNA koaktivatory nebo korepresory, Ucinky na

\ transaktivaci
e

< Genova exprese zavisla na NFkB >

IxB-zavisla a -nezavisla regulace aktivity NF-«B

(a) NFkB je aktivovan nasledné aktivaci IkB kinazy (IKK). Fosforylace témito
kindzami vede k degradaci IxB a k translokaci NF-kB do jadra.

(b) Soucasné je samotny NF-kB fosforylovan cytosolickymi nebo jadernymi
protein kindzami, které zvysuji Ucinnost genové exprese indukované NF-kB.
Zkratky: IkB, inhibitor NF-xB; NF-«xB, jaderny faktor «B.



Molekularni interakéni mapa NFkB/I kB
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Kazda volba buriky zahrnuje epigeneticke (negenotoxicke) mechanismy,
které mohou ménit expresi gend na transkripéni, translaéni nebo postranslacni
urovni.

bud genetickou nerovnovahou
rustovych faktor, hormonu, neurotransmiterd nebo latkami z vnéjSiho prostredi
(dieta, chem. latky) mUzZe spustit signalni vnitrobunéénou transdukci. Tyto signaly
pak moduluji expresi genu a moduluji téz GJIC (gap junctional intercellular
communication).

V mnohobunecném organismu zahrnuje homeostaticka kontrola regulaci
bunécné proliferace, diferenciace, programované smrti a adaptivni odpovedi

diferencovanych bunék.



environm. chemicals, hormones,
drugs, radiation, growth factors,
dietary PUFAs, fiber \-;- --=v eTmalll cytokines
) al membrane
changes of membrane drug-and hormone receptors
properties metabolizing enzymes
prooxidative/
cytosolic receptors, antioxidative
transcription factors INTRACELULLAR balance
(AhR, NFKB etc.) SIGNALLING
PATHWAYS
nuclear receptors (PPARs, RXR, etc.)
RE transcription factors (AP-1, etc.)
histone acetylation/ DNA methylation

deacetylation

ALTERED GENE EXPRESSION
on transcription, translational or post-translational levels

Main epigenetic (non-genotoxic) mechanisms involved in carcinogenesis



