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Clenéni podle rtznych parametrd

» Dle vztahu bunky vysilajici a pfijimajici signal

» zavislé na kontaktu (contact-dependent)
» parakrinni
» synaptické
» endokrinni
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Clenéni podle rtznych parametrd

» Typy receptoru
» povrchové receptory

® intracelularni receptory
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Clenéni podle rtznych parametrd

» Dle dusledkt v @- @
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Figure 15-4 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Clenéni podle rtznych parametrd

Podle typu membranovych receptort

» Receptory typu iontovych kanal(
» Receptory sprazené s G-proteiny
» Receptory sprazené s enzymy/enzymatickou funkci



Zakladni typy membranovych receptort

» Receptory typu iontovych kanal(
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Zakladni typy membranovych receptort

» Receptory sprazené s G-proteiny
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Zakladni typy membranovych receptort

» Receptory sprazené s enzymy/enzymatickou funkci
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Zakladni biochemické mechanismy bunécné signalizace

» 1. Zména proteinové konformace

» 2. Fosforylace — kovalentni pridani anorganickeho
fosfatu (z ATP) na molekulu proteinu enzymem, ktery
se jmenuje kinaza

» 3. Nekovalentni zaména GDP za GTP
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Zakladni biochemické mechanismy bunécné signalizace

» 1. Zména proteinové konformace
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Zakladni biochemické mechanismy bunécné signalizace

» 2. Fosforylace — kovalentni pridani anorganického
fosfatu (z ATP) na molekulu tyrosinu nebo
serinu/threoninu enzymem, ktery se jmenuje kinaza

Gamma Alpha Hl
phosphate phosphate e
group group N
B
Il I I N

0—P—0—P—0—P—0 N
| | | 0
0 o 0
Beta

phosphate OH OH

rou
Hiet Ribose

Phosphoserine Phosphothreonine Phosphotyrosine

H H H
HaMN —C— COOH HaN —C— CO0OH HaN—C—CO0H
HaC CH HaC
| H3C~~  TOPOF
0POg

OPOF



Zakladni mechanismy bunécné signalizace
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Zakladni biochemické mechanismy bunécné signalizace

» 3. Nekovalentni zaména GDP za GTP
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Zakladni mechanismy bunécné signalizace
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Zakladni mechanismy bunécné signalizace
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Signalni molekuly casto tvori velké usporadané
komplexy, které organizuji efektivni prenos signalu

» Na cytoplazmatickych ,leSenich® (scaffolding
proteinech)

» Na receptorech
» Na membranovych domeénach
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ASSEMBLY OF SIGNALING COMPLEX ON AN ACTIVATED RECEPTOR
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ASSEMBLY OF SIGNALING COMPLEX ON PHOSPHOINOSITIDE DOCKING SITES

specific phospholipid signal molecule
inactive molecules activated receptor
receptor (phosphoinositides) / hyperphosphorylated
B A phosphoinositides

p. A r
1
“’;-
n‘*")
activated intracellular doufnstream
signals

inactive intracellular signaling proteins
signaling proteins

Figure 15-10c Molecular Biology of the Cell 6e (© Garland Science 2015)



Proteinové domény a organizace signalnich komplexu

extracellular

ignal molecul
‘/ Fianatindiesie phosphoinositide plasma
docking sites membrane
/
CYTOSOL

z
N

activated
receptor

Grb2 (adaptor protein)

IRS1 (docking protein) scaffold protein

Figure 15-11 Molecular Biology of the Cell 6e (© Garland Science 2015)




Jednotlivé signalni drahy interaguji a koordinuji se

membrane

Figure 15-12 Molecular Biology of the Cell 6e (© Garland Science 2015)



Ruzné signalni kaskady probihaji riznou rychlosti
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Pozitivni a negativni zpetna vazba

» Jsou dva zakladni principy, ktere reguluji intenzitu a
delku trvani signalu




Pozitivni a negativni zpétna vazba
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Pozitivni a negativni zpétna vazba
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Pozitivni a negativni zpétna vazba

CONTROL:
NO FEEDBACK \

time —

SIGNAL

POSITIVE -
FEEDBACK

activity of E kinase —»

r

[ ] I I
time —»

SIGNAL

Figure 15-18b Molecular Biology of the Cell 6e (© Garland Science 2015)



Pozitivni a negativni zpétna vazba
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Pozitivni a negativni zpétna vazba
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Pozitivni a negativni zpétna vazba
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Mechanismy negativni zpétné vazby

» Internalizace receptoru

» Degradace receptoru

» Inaktivace receptoru

» Inaktivace signalniho proteinu
» Produkce inhibitoru

> Aj.



Mechanismy negativni zpétné vazby

receptor  signal plasma
protein molecule membrane

-Y—f-/—r—

\

Q Q

lysosome




Mechanismy negativni zpétné vazby
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Druhy posel

molecule measured context diffusion c;.tefﬁcient BNID
(pm*</s)

H,0 water 2000 104087, 106703
H,0 nucleus of chicken erythrocyte 200 104645

H* (from H;0* to H,0) water 7000 106702

0, water 2000 104440

o, water 2000 102625

tRNA (=20 kDa) water 100 107933, 107935
protein (=30 kDa GFP) water 100 100301

protein (=30 kDa GFP ) eukaryotic cell (CHO) cytoplasm 30 101997

protein (=30 kDa GFP ) rat liver mitochondria 30 100300

protein (NLS-EGFP) cytoplasm of D. melanogaster embryo 20 109209

protein (=30 kDa ) E. coli cytoplasm 7-8 100193, 107985
protein (=40 kDa ) E. coli cytoplasm 2-4 107985

protein (=70~250 kDa ) E. coli cytoplasm 0.4-2 107985

protein (=140 kDa Tar-YFP) E. coli membrane 0.2 107985

protein (=70 kDa LacY-YFP) E. coli membrane 0.03 107985
fluorescent dye (carboxy-fluorescein) A. thaliana cell wall 30 105033
fluorescent dye (carboxy-fluorescein) A. thaliana mature root epidermis 3 105034
transcription factor (Lacl) rno‘vement along DNA (1D, in vitro) (@ x 13:"0;;.25-1) 102036
morphogen (bicoid-GFP) cytoplasm of D. melanogaster embryo 7 109199
morphogen (wingless) wing imaginal disk of D. melanogaster 0.05 101072

mMRNA Hela nucleus 0.03-0.10 107613

mRNA various localizations and sizes 0.005-1 110667
ribosome E. coli 0.04 108596

Table 4-1 A compilation of empirical diffusion constants that shows the dependence on size and cellular
context.




Druhy posel
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Figure 4-2 The decrease in the diffusion constant in the cytoplasm with respect
to water as molecular weight increases. (Adapted from Verkman AS [2002] Trends
Biochem Sci 27:27-33.)



Druhy posel

» Malé molekuly, které jsou produkovany
enzymatickymi reakcemi nebo uvolnovany iontovymi
kanaly

» Slouzi k amplifikaci signalu

» Jejich produkce i destrukce jsou lokalizovany, coz
umoznuje jejich kontrolu v Case a prostoru



Priklady nejznaméjsich signalnich kaskad:
Mechanismy prenosu signalu a regulace

cAMP System Phosphoinositol system cGMP System Tyrosine kinase system

ACTH, ANP, CRH, CT, FSH,

First Messenger AGT, GnRH, GHRH, Oxytocin,

.. Glucagon, hCG, LH, MSH, ANP, Nitric oxide INS, IGF, PDGF
(signalni molekula) PTH, TSH TRH
Signal Transducer GPCR GPCR - RTK
Primary effector Adenylyl cyclase Phospholipase C guanylate cyclase RasGEF (Grb2-Sos)
e L s ot IP3; DAG; Ca2+ cGMP Ras.GTP(Small G Protein)
(druhy posel) monophosphate)

Secondary effector protein kinase A protein kinase C; CaM kinase protein kinase G MAP3K (c-Raf)



Receptory sprazené s G proteiny (GPCR)
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Receptory sprazené s G proteiny — trimerické G proteiny
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Zajimavost:

If you had to make a wild guess about the target of a certain
drug, your best odds are with “G-protein coupled receptor.”
Drugs targeting members of this integral membrane protein
superfamily, which transmit chemical signals into a wide array of
different cell types, represent the core of modern medicine. They
account for the maijority of best-selling drugs and about 40% of
all prescription pharmaceuticals on the market.




Cyklicky AMP - adenylyl cyklaza vs. fosfodiesteraza

cAMP je typicky druhy posel
asociovany s GPCR
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Cyklicky AMP — aktivuje protein kinazu A (PKA)
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Some Hormone-induced Cell Responses Mediated by Cyclic AMP

Target tissue

Thyroid gland

Adrenal cortex

Ovary
Muscle
Bone

Heart

Liver
Kidney

Fat

Hormone

Thyroid-stimulating hormone
(TSH)

Adrenocorticotrophic hormone
(ACTH)

Luteinizing hormone (LH)
Adrenaline
Parathormone

Adrenaline

Glucagon
Vasopressin

Adrenaline, ACTH, glucagon, TSH

Table 15-1 Molecular Biology of the Cell 6e (© Garland Science 2015)

Major response

Thyroid hormone
synthesis and secretion

Cortisol secretion

Progesterone secretion
Glycogen breakdown
Bone resorption

Increase in heart rate and
force of contraction

Glycogen breakdown
Water resorption

Triglyceride breakdown



GPCR aktivuiji i lipidické druhé posly pres fosfolipazu C
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lonty Ca2+ jsou hlavnim anorganickym druhym poslem

» Vapnikove viny po oplozeni vajicka

time 0 sec 10 sec 20 sec 40 sec

Figure 15-30 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Vapnikové senzory - calmodulin

peptide portion
of target protein

Figure 15-33 Molecular Biology of the Cell 6e (© Garland Science 2015)




Vapnikové senzory — CaMK (Ca/Calmodulin-dependent kinases)
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TABLE 15-2

Target tissue Signal molecule Major response
Liver Vasopressin Glycogen breakdown
Pancreas Acetylcholine Amylase secretion

Smooth muscle

Acetylcholine

Muscle contraction

Blood platelets

Thrombin

Platelet aggregation

Table 15-2 Molecular Biology of the Cell 6e (© Garland Science 2015)




Cyklicky GMP je druhy posel
zprostrekovavajici videni
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Aktivace tyCinky svetlem (upraveno z Wiki)

» Po dopadu svétla na sitnici dochazi k jeho absorpci. TyCinky jsou neuvéfitelné
citlivé, reaguji na dopad jediného fotonu.

» Zatmy jsou Na kanaly otevieny (jsou zavislé na cGMP)

» Absorpce vede k excitaci membrany, ktera se projevi izomeraci 11-cis-
retinalu na ALL-TRANS-RETINAL. Dochazi tak ke zméné jeho geometrie (Schiffova
baze s opsinem se posune o 0,5 nm). Energie fotonu se tedy transformovala na
pohyb atomu. Svételna aktivace je velice rychla a pfitom slozitda. BEhem milisekund
probéhne fada fotochemickych reakci, jejichz meziprodukty (bathorodopsin,
lumirodopsin, metapodopsin |, metarodopsin Il) vykazuji rizna maxima od 500 do
380 nm.

» Nasledujicim diusledkem dopadu fotonu je odpoutani barviva od bilkoviny. Trans-
izomer uz nezapada do vazebného mista. Rhodopsin se tak rozpada na opsin a all-
trans-retinal.

» Takto aktivovany rhodopsin dale aktivuje G-protein TRANSDUCIN

» Kaskada pokraégje aktivaci FOSFODIESTERAZY (PDE), ktera hydrolyzuje cGMP
na NECYKLICKY 5 -GMP.

» Puvodné otevieny kanal pro Na* ionty se uzavira, tok iontd se zastavi.

» Nasledkem je HYPERPOLARIZACE membrany,




i

one rhodopsin molecule
absorbs one photon

|

500 G-protein (transducin)
molecules are activated

!

500 cyclic GMP phosphodiesterase
molecules are activated

|

10° cyclic GMP molecules
are hydrolyzed

1

250 cation channels
close

1 |

10°-107 Na* ions per second are prevented

from entering the cell
for a period of ~1 second

membrane potential is
altered by 1 mV

SIGNAL RELAYED TO BRAIN

»

jedna molekula rodopsinu
absorbuje jeden foton

je aktivovano 500 G-proteinovych
molekul

dale je aktivovano 500 molekul
fosfodiesterazy cyklického GMP

10°> molekul cyklického GMP je
hydrolyzovano

uzavira se 250 kationtovych kanall

106-107 kationtim Na* za sekundu
je zbranéno vstoupit do bunky po
dobu 1 sekundy

membranovy potencial buriky je
zmenen o 1mV

signal je prenasen do mozku



Shrnuti zakladnich funkci trimerickych G proteinu

~ Four Major Families of Trimeric G Proteins*

Family = Some family Subunits that Some functions
members mediate action
I G, a Activates adenylyl cyclase;
activates CaZ* channels

Q. a Activates adenylyl cyclasein
olfactory sensory neurons

] G, vl Inhibits adenylyl cyclase
By Activates K* channels

G, By Activates K* channels; inactivates

Ca?* channels
a and By Activates phospholipase C-

Gt (transducin)  « Activates cyclic GMP
phosphodiesterase in vertebrate
rod photoreceptors

1] G . a Activates phospholipase C-
v G,/ V] Activates Rho family monomeric

GTPases (via Rho-GEF) to regulate
the actin cytoskeleton

*Families are determined by amino acid sequence relatedness of the o subunits. Only
selected examples are included. About 20 o subunits and at least 6  subunitsand 11y
subunits have been described in humans.



BUNECNA SIGNALIZACE:
Konec prvniho dilu




Receptorove tyrosin kinazy
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Receptorove tyrosin kinazy

Some Signal Proteins That Act Via RTKs
Signal protein family Receptor family Some representative responses

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

Insulin Insulin receptor Stimulates carbohydrate utilization and protein synthesis

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

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

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

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

(MCSF) differentiation

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

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

Vascular endothelial growth factor VEGF receptors Stimulates angiogenesis
(VEGF)
Ephrin Eph receptors Stimulates angiogenesis; guides cell and axon migration

Table 15-4 Molecular Biology of the Cell 6e (© Garland Science 2015)
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1 \:105 - TheRas S nil - C '

Family Some family Some functions
members
Ras H-Ras, K-Ras, N-Ras | Relay signals from RTKs
Rheb Activates mTOR to stimulate cell growth
Rap1 Activated by a cyclic-AMP-dependent GEF;
influences cell adhesion by activating integrins
Rho* Rho, Rac, Cdc42 Relay signals from surface receptors to the
cytoskeleton and elsewhere
ARF* ARF1-ARFé6 Regulate assembly of protein coats on
intracellular vesicles
Rab* Rab1-60 Regulate intracellular vesicle traffic
Ran* Ran Regulates mitotic spindle assembly and nuclear
transport of RNAs and proteins
*The Rho family is discussed in Chapter 16, the ARF and Rab proteins in Chapter 13, and Ran
in Chapters 12 and 17. The three-dimensional structure of Ras is shown in Figure 3-67.
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TABLE15-6

Signal protein Receptor-associated STATs activated Some responses
JAKs
Interferon-y (IFNvy) JAK1 and JAK2 | STAT1 Activates macrophages

| STAT1 and STAT2

Stimulating Factor (GMCSF)

Interferon-a (IFNo) Tyk2 and JAK2 Increases cell resistance to viral
infection

Erythropoietin JAK2 - STATS Stimulates production of erythrocytes

Prolactin JAK1 and JAK2 STATS Stimulates milk production

Growth hormone JAK2 ' STAT1 and STATS Stimulates growth by inducing IGF1
production

Granulocyte-Macrophage-Colony- | JAK2 STATS Stimulates production of granulocytes

and macrophages
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