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Bunecneé komunikace




Bunecha komunikace

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

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

Organizace tkané je zachovana diky trem faktorlim:

1.Bunécna komunikace — 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.Selektivni mezibunécna adheze - rlizné buriky maji na povrchu rlizné
adhezivni molekuly, které maji tendence vazat se k burikam stejného typu,
s urcitymi jinymi bunécnymi typy nebo specifickymi slozkami extracelularni
matrix (ECM). Zabranuje chaotickému michani réiznych bunécnych typ0.
3.Bunécna pamét’ — specialni formy genoveé 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

signaly mimobunécné, mezibunécné a vnitrobunécné.
ZivoCisné bunky obsahuji 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: mimobunécna (endogenni regulatory — hormony,
cytokiny, neurotransmitery, exogenni latky — potrava, chemikalie),
vhitrobunécna (druzi poslové, prenos signalll) a mezibunécna (gap junction
— malé signalni molekuly — 1kD)

)
Nongenotoxic chemicals Endogenous regulators |
(e.g.: TPA, DDT and (e.g.: hormones, growth
Phenobarbital) \ / factors, neurotransmiters)

Cell Extrace_llulte_lr
adhesion e e g
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4 ) :
Ca? : .
Free p cAMP Cytoplasmic
fadicalsH P, | DG L rece i
} h 4 / E
CR < « « Second messages
A .
C 2
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°
B Inactlve_ Intracellular
N 0° proteln communication
i)
-.j— AC'CIVG A alters membrane
: proteln function
. y 0
Gap junction C modulates GJ function
Intercellular communication D modulates gene

expression

According to: J.E.Trosko: Environmental Health Perspectives;

106: 331 - 339, 1998



Typy signalu

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

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

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

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



Formy mezibunécénych signalu

(A) CONTACT-DEPENDENT

signaling cell target cell

/

membrane-
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molecule
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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

%)

®©&® &P
@.@ CEP'

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.



Transdukce (prenos) signalu

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

Klicové vnitrobunécné signalni proteiny — molekulove
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
biologicka odpovéd’ bunky



Zjednodusené schéma vnitrobunécné signalni
drahy aktivované mimobunécnou signalni

EXTRACELLULAR
molekulou SIGNAL MOLECULE
RECEPTOR PROTEIN

INTRACELLULAR
SIGNALING PROTEINS

R R R e=(

/TN

TARGET
x A @==0  protENS

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
vhitrobuneécnych molekul

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

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

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

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

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



Ruzné typy vnitrobunécnych signalnich proteinu
ucastnicich se signalni drahy od receptoru na povrchu

bunky k jadru

extracellular signal molecule

receptor protein
latent gene regulatory protein
plasma membrane g g YP
__,X——-_,_,—"‘:—" ——
—_— )z — x -~
g y CYTOSOL

relay pr;b

bifurcation protein <>’ adaptor protein
e« /—’/ W ‘\_\“,_
T3 | S
amplifier and "
transducer protein sma
I intracellular

17 ;'i; T 1} mediator
000000

integrator protein __ |

scaffold protein I8

—— — -— -— -—

;nanchoring
| protein

a— )

11\

modulator protein l
messenger

nuclear envelope 7Y~ Protein
|
e NUCLEUS =~

target protein
activated gene
DNA A—
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 zmény genové
exprese.

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)

Krome toho existuji proteiny modulujici

(modulator), ukotvujici (anchorage) nebo
spojujici (scaffold) signalni molekuly



Integrace signalu

(A)
A B

¥

\ /
ATP ATP
ADP j\ /C ADP

v

DOWNSTREAM SIGNALS DOWNSTREAM SIGNALS

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

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

. . signal molecule
inactive receptor

signal molecule inactive receptor

activated receptor

CYTOSOL

activated 4
intracellular 3|
signaling

proteins .

p activated
intracellular

oy sigpaling protein 1
activated o
intracellular inactive

o

signaling protein 2 intracellular

inactive
intracellular
signaling protein 1

inactive
@' intracellular
signaling protein 2

scaffold
protein

activated receptor

inactive \? activated signaling
intracellular intracellular proteins dovgnstr!eam
signaling protein 3 < 7. signaling protein 3 signals
e
\ . . o
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.
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Viytvareni stabilnich a prechodnych signalnich komplext
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) domeény).

Nekteré povrchové receptory a vnitrobunécné signalni
proteiny se sdruzuji prechodné ve specifickych
mikrodomeénach lipidove dvojvrstvy plasmaticke
membrany bohatych na cholesterol a sfingolipidy — tzv.
lipidove rafty. Vazby v téchto raftech pomoci kovalentné
pripojenych lipidovych molekul podporuji rychlost a
ucinnost signalniho procesu a usnadnuji spojeni a
interakce signalnich molekul.



Model bunécné membrany

Fluidni mozaika — bunécna membrana je komplexni struktura slozena z
ruznych ¢asti — proteinu, fosfolipidl a cholesterolu. Relativni mnozstvi téchto
komponent i typy lipidu se liSi od membrany k membrané.

Membranové proteiny

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

Adhezivni proteiny drzi bunky
%, pohromadé a preklenuji membranu
\ jednou

R Receptorove proteiny preklenuji
membranu jednou nebo vickrat.
Vazba signalni molekuly iniciuje

e, OdpoOved’ na druhé strané a dochazi

k preméné jednoho typu signalu na

0000 g “ . O 8 | ? | jiny — signalni transdukce.
Lipids Glycosylphosphatidylinositol (GP) Proteins Cholesterol
© ewnsee | Tyto proteiny maji na vnitini strané

membrany dlouhé sekvence

Pietzsch J et al., Nature Reviews, 2004 L, . :
hydrofobnich aminokyselin
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Lipidove rafty

malé oblasti proteint a lipid{ (mikrodomény) ve vnéjsi casti
membrany s unikatnim slozenim lipidl — bohaté na
sfingolipidy a cholesterol.

Sfingolipidy obsahuji dlouhé retézce nasycenych kyselin,

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

Tyto struktury jsou funkcné zahrnuty

v kompartmentalizaci, modulaci a integraci bunécnych
signaltl moduluji dllezité procesy jako bunécny rlst, preziti
a adhezi.

Zahrnuji nebo vylucuiji specifické proteiny.



Co jsou to lipidové rafty?

Water
Hydrophobic
talls
Hydrophilic
head
Water

Figure 1 | Basic structure of the lipid bilayer. Phospholipids,
the type of lipid that makes up the majority of lipids found in the
cel membrane, are made up from a phosphate head (circles)
that likes water and a fatty-acid, or lipid, tail (ines) that hates it.
In an aquecus environment, such as that found in cells, these
lipids line up so as to limit the exposure of the hydrophobic
portions to water, thus forming a memibrane layer.
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Box 1| What are lipid rafts?

Lipid rafts are sphingolipid- and cholesterol-rich membrane
microdomains in the outer leaflet of the plasma membrane.
The plasma membrane is composed primarily of
sphingolipids, phospholipids and cholesterol. Sphingolipids
differ from most phospholipids in that they have long, largely
saturated acyl chains that allow them to pack tightly ina
bilayer, forming a gel phase in which there is very little lateral
movement or diffusion. The gel phase of the sphingolipids is
altered by the association of cholesterol, which condenses the
packing of the sphingolipids by occupying the spaces between
the acyl chains. So, cholesterol-containing sphingolipid
microdomains exist in a liquid-ordered phase that is
significantly more fluid than the gel phase.

By contrast, phospholipids are rich in unsaturated acyl
chains that tend to be kinked and consequently to pack loosely
into a liquid-disordered phase thatis considerably more fluid,
allowing rapid lateral movement within the bilayer. The
different packing of the sphingolipids and phospholipids
probably leads to their phase separation in membrane
bilayers. Sphingolipid microdomains float in a phospholipid
bilayer, leading to the coining of the term Tipid rafts’
Cholesterol preferentially partitions into the liquid-ordered
phase rather than the liquid-disordered phospholipid bilayer
and is essential for the maintenance of the two phases.

The membrane outer leaflet rafts are believed to be linked to
an inner leaflet that is probably rich in phospholipids with
saturated fatty acids and cholesterol. The size of rafts and their
lifetimes in the membranes of resting cells are uncertain.
Current evidence indicates that the elemental rafts might be
small (2670 nm in diameter), containing only several
thousand molecules and therefore accommodating only a few
proteins. Rafts were shown selectively to include some
proteins and to exclude others, so rafts provide a mechanism
for the lateral sorting of proteins in the membrane. Modified
from Pierce, S. K. Lipid rafts and B-cell activation. Nature Rev.
Immunol 2,96-105 (2002) © Macmillan Magazines Ltd
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Transport MK do bunky

Extracellular
fatty acid carrier
@
Fatty acid transporter
and activator?

/ \ 6 mammalian genes

albumin

Jo fatty acid
diffusion ' transport protein
“flip-flop” *, 13 ; mediated
L ¢ protein
® o ‘
?
o‘\.“(' CoA
CoA
. “CoA
; o,
fatty acid ‘e
binding — acyl CoA "CoA
Jhrotein synthetase CoA

5 mammalian genes
Activates
fatty acid

9+ mammalian genes
Intracellular
fatty acid carrier

Marszalek JR and Lodish HF, Annual Rev Cell Dev Biol 2005

MK vazany na albumin
V S€ru

Prenos pres membranu
difuzi nebo pomoci
specifickych
transportnich proteind
(FATPs).

Vazba na specifické
vazebné proteiny
(FABP), prenos na Ascl
proteiny katalyzujici
reakci konvertujici
volné MK na jejich CoA
derivaty.
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Fatty Acid Translocase (FAT/CD36)

Protein v plasmatické (mitochondrialni?) membrané

CD36 — multifunkcni adhezni receptor pro trombospodin a kolagen a
scavenger receptor pro LDL exprimovany na plateletech, monocytech ale i
jinych typech bunék.

Nové prokazana funkce pfri transportu VNMK i jeho pritomnost v bunkach
gastrointestinalniho traktu (Lobo MVT et al., J Histochem Cytochem 2001,
Campbell SE et al, J Biol Chem 2004, Drover VA, J Clin Invest 2005)

Extracellular

Intracellular

Fig. 1. Schematic representation of the membrane topology of
fatty acid (FA) transport protein.



Transport MK pres cytoplasmatickou membranu

Rzné modely:

Jednoducha diflize

CD36 (88kDa) a FABPpm (plasma membrane-associated fatty acid-binding protein

(43kDa) vazou MK na povrchu, zvysuiji lokalni konc. a usnadnuji tak difuzi

« aktivni transport pomoci CD36

« Uvnitr bunék se MK vazou na cytoplasmatické vazebné proteiny (FABPc) pred
vstupem do metabolickych Ci signalnich drah

« Mala Cast MK je transportovana FABP a rychle aktivovana membranovymi acyl-CoA
synthetazami (ACS1) a tvori estery acyl-CoA .

« MK s dlouhym retézcem > C22) jsou transportovany preferencné a primo

konvertovany na estery acyl-CoA s velmi dlouhym retézcem

Interstitial space

: WWWW

Cytoplasm
3 CoA

CoA ’ |
Schwenk RW Prostag| L @ . P "
Leuk Ess Fatty A 2010 *Acyl-COA  VLC-Acy-CoA




Kvantitativni srovnani pritomnosti albuminu v mimobunécném prostoru,
fatty-acid binding proteins (FABPc) v cytoplasmé a koncentrace

mastnych kyselin za fyziologickych podminek.
Albumin (3-6 vazebnych mist pro MK) a FABPc (9 typ() vytvareji
prostredi pro extrémné nizké konc. MK s dlouhym retézcem.

FA FA «—> FA E==—> FA > FA _
1-10 nM g 1-5nM FABPc

FA
Albumin: 300 — 600 uM : FABP: 150 — 300 uM
Total FA: 100 — 400 uM : Total FA: < 50 uM
Blood plasma / Plasma
interstitial space membrane Cytoplasm

Schwenk RW Prostagl Leuk Ess Fatty A 2010
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Lipid droplets (LD)

t= 30 min

S5 Phospholipid
Y monolayer

...........
AAAAA
0
»

4 Triacylglycerols and
2 Bilayer cholesteryl esters PAT protein

Martin S. and Parton RG Nature Reviews 2006

Po dodani mastnych
kyselin

jsou neutralni lipidy
syntetizovany v
endoplasmatickém
retikulu (ER), kde se tvori
a odlucuiji LD tvorici
nezavislé organely
ohranicené monovrstvou
fosfolipidd a napojenych
specifickych proteind.
Zasobarna energie a
zdroj signalnich molekul.
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VétsSina mimobunécénych signald je zprostredkovana hydrofilnimi
molekulami, které se vazi na receptor na povrchu cilové bunky.

Nékteré signalni molekuly jsou dostatecné hydrofobni nebo malé, ze
snadno projdou pres plasmatickou membranu a uvnitr pak primo
reguluji aktivitu specifickych vnitrobunécnych proteind.

Napf. molekuly nékterych plyn{ 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
zZivota, pouze 5-10 vtefin, a v mimobunécném prostoru je preménovan
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 uvolnéni
hladkého svalstva ve sténach cév.

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 nedostateCcnym zasobovanim
srdecCniho 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 také jako lokalni mediator aktivovanymi makrofagy a
neutrofily a 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 stéeny

activated
nerve terminal

o—— acetylcholine
@ activated NO synthase NO bound to

3 guanyllyl cyclase
M w
=,

arginine ZL, ® o0

o® o
g;f{(',‘; 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/(_)z 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

e aa
\ I \ Nucleus

/ Transcription factors \

/ NFkB, AP-1, C/EBP, Sp-1, RXR \

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

transkripcv:nl'ch faktorQ 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 kindza, PTP protein tyrosin fosfatdza, Ras maly GTP-

vazebny protein, ROS reaktivni kyslikové metabolity, RXR retionid X receptor, SAPK stresem aktivované protein kinazy)
27



Receptory

VétSinou transmembranové proteiny, které vazi mimobunécné signalni
molekuly (hydrofilni) — ligandy a jsou-li aktivovany vznika kaskada
vhitrobunécnych signall, které méni chovani burky.

Vnitrobunecné receptory (v cytoplasmé nebo v jadre) — pro malé
hydrofobni ligandy

Kazda bunka mnohobunécného organismu je exponovana stovkami
rlznych signalll z prostifedi a musi na né reagovat selektivné.
Specificky zplsob odpovédi burky na okoli se lisi podle souboru
receptorovych proteind, které bunika ma, vnitrobunécné masinerie,
kterou bunka reaguje a interpretuje ziskanou informaci. Tak jedna
signalni molekula mlize mit ¢asto rozdilné Ucinky na rdzné cilové
bunky.

Burika reaguje na rtizné 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

cellisurface plasma membrane

receptor

hydrophilic signal
molecule

INTRACELLULAR RECEPTORS

small hydrophobic
/—\./ signal molecule

J
e

carrier protein

_ nucleus
intracellular receptor

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



Zavislost zivocisné bunky na mnohonasobnych
mimobunécnych signalech
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Figure 15-8. Molecular Biology of the Cell, 4th Edition.
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Ruzné odpovédi indukované
neurotransmiterem acetylcholinem

(A) heart muscle cell

i
ol

acetylcholine W\N

DECREASED RATE AND
FORCE OF CONTRACTION

(B) salivary gland cell

v

D3
recept_or T
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—II\I+— CH3

CH3
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Povrchové receptory

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

Tri zakladni typy:

1) vazané 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 specifickou kombinaci signall nez jednim samostatnym signalem.

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

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



Tri typy bunéénych povrchovych receptort

(A) ION-CHANNEL-LINKED RECEPTORS

. -
e ions
WS plasma e

1 .
B membrane signhal molecule

(B) G-PROTEIN-LINKED RECEPTORS

signal molecule

-

enzyme activated

G protein activated enzyme
. G protein y

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

33



Vnitrobunecné receptory

Proteiny regulujici transkripci gend — superrodina receptorll 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 vazbé 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 vazbé 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 genl 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 gend.



Nékteré signalni molekuly vazici se
k molekularnim receptorum

CH2OH OH
OH OH
C=0
. y /Cigjj )i;(gjj :
HO
O estradiol testosterone

cortisol

vitamin D3
HO

| | :
HOOO@CHQ—C—COO—
, , NHz* cHy CH3  CH3 D
Gome:
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.

35



Superrodina vnitrobunécnych receptort

DNA-binding
domain
N A c
cortisol receptor

N C
estrogen receptor

N (3
progesterone receptor

N-=——C
vitamin D receptor

C
thyroid hormone receptor

N C
(A) retinoic acid receptor

ligand-binding

domain
transcription-activating
domain

H2N

DNA-binding domain
COOH

inhibitory
proteins

(B) INACTIVE RECEPTOR

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 receptor{ s vazebnou doménou

(B) Receptorovy protein v inaktivni formé vazan na inhibicni proteiny

(C) Po vazbé ligandu disociace inhibi¢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
hormone receptor "
Y ) secondary-response proteins
I N .0 PA o
& A e ®% 4 g0
| DNA
= E = r—f
L3 = =3 —
steroid-hormone-receptor
complexes activate primary-
response genes
! : 0
DNA Co @
—= E;D
l l a primary-response a primary-response
protein shuts off protein turns on
020 primary-response  secondary-response
© 0 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
protein  molecule

intracellular
signaling protein

) p
&) .
= inhibitork_x'
protein
endosome
RECEPTOR RECEPTOR RECEPTOR INACTIVATION OF PRODUCTION OF

SEQUESTRATION  DOWN-REGULATION INACTIVATION

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

SIGNALING PROTEIN INHIBITORY PROTEIN
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Peroxisomové

proliferatory < 9-cis-RA
(fibraty, fraldty /> P )\
apod.) / e ~
T RXR
Vyziva > >
Y / XN | PPAR RXR
Mastné kyseliny
(PGJ2, LTB4) NUPPREL Cilove geny
\ \ Trankrlpce jj
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
apoptoze nadorovych
bunék a predstavuje
mozny terapeuticky
protinadorovy pristup

Dllezitost PPARs v
bunécné proliferasci,
diferenciaci a
apoptoze.

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

Kontrola transkripcni
aktivity cilovych
genll PPAR vede k
biologickym Gcink@im
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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Aktivacni signal pro NFkB >

| ()] \_(b)
Activace IkB Fosforylace NF-«B
l kinaz
Fosforylace, Konformacni
ubiquitinace a zmeny
degradace 1xB 1'
) 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-xB 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-«B, jaderny faktor «B.



Epigenetické (negenotoxické) mechanismy
karcinogeneze

Kazda volba bunky zahrnuje epigenetické (negenotoxick€) mechanismy,
které mohou ménit expresi gentl na transkripcni, translacni nebo
postranslacni Urovni.

Modulace mimobunécné komunikace bud’ genetickou nerovnovahou
rlstovych faktor{l, hormont, neurotransmiterl nebo latkami z vnéjsiho
prostiedi (dieta, chem. latky) mUZze spustit signalni vnitrobunécnou
transdukci. Tyto signaly pak moduluji expresi gendl a moduluji téz GJIC
(gap junctional intercellular communication).

V mnohobunécném organismu zahrnuje homeostaticka kontrola regulaci
bunécné proliferace, diferenciace, programované smrti a adaptivni
odpovédi diferencovanych bunék.

Kdyz se oplodnéné vajicko vyviji v embryo, fetus a dospély organismus,
totipotentni bunky jsou smérovany do pluripotentnich kmenovych bunék,
které proliferuji, tvori progenitorovée bunky a pak diferencuji, adaptivné
reaguji a hynou apoptozou. Geny jsou selektivné transkribovany nebo
reprimovany béhem diferenciace, bunécného cyklu, zastavy bunécného
cyklu i béhem programované bunécné smrti. VSe jsou to déje rizené
epigeneticky.



environm. chemikalie, hormony,

mimobunécné

léky, zareni . rlstové faktory,
dietetické MK,vlaknina \:_ - podnety cytokiny
\ N s T %7
8 N L7 / /
N N ; i
N\ 4 , ,
~ - z membranove
zmeény vlastnosti enzymy metabolizujici receptory
membrany léky a hormony

prooxidativni/

cytosolové receptory, antioxidativni
transcripcni faktory rovnovaha

(AhR, NFKB etc.)

jaderné receptory (PPARs, RXR, etc.)

RE transkripéni faktory (AP-1, etc.)
acetylace/ deacetylace metylace DNA
histon(

~ =

Zmény v expresi genli

na transkripcni, translacni i posttranslacni Urovni

Hlavni negenotoxickeé (a epigenetické) mechanismy zahrnuté v karcinogenezi
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