O

Podstata prenosu
signalu



Transdukce (prenos) signalu

Predstavuje zakonité koordinovanou souslednost reakci
podstatou je zmena

konformace) vedoucich od vnéjsi plasmatické membrany

pres cytosol k jadru (expresi geneticke informace).
Tohoto procesu se Ucastni rlzné chemické povahy.

Vysledkem je zapezpeceni vSech fyziologickych funkci bunék a
organismu vcetné regulace cytokinetiky.

Jeden z principialnich rozdil& spociva zejména v tom, zda ma dany
regulator povahu hydrofilni (lipofobni) anebo Hydrofobni (lipofilni)



rastové signaly

Lipofilni regulatory hydrofilni povahy
(proteiny, katecholaminy, apod.)

l
Transdukce
(pFenOS) Signélﬁ /—\‘_ receptory

cykiny molekuly
regulatory signalové

CDKs / transkripce transdukce

S

molekuly
zesilovaci
kaskady




Podstatou |e
zmena konformace

PRIKLADY - ENZYMY



Nekovalentni pevné interakce mezi dvéma
makromolekulami s komplementarnimi
povrchy

* Nejjednodussi zplsob
reakce

 M{ze vsak spolupUlsobit
cela skala chemickych
vazeb silné i slabé povahy
a jejich kombinace

Figure 2-16. Molecular Biology of the Cell, 4th Edition.



Jak vznika komplex substrat - enzym

Substrat presné zapadne do liiZzka v molekule enzymu.

Va V4 Vn (o) A\
V tomto lizku ho poutaji riizné typy sil: Pri ,,vvvgla:em |:_)Ir'IZ’ u_?Ob_el?l Jje
hydrofobni (modra), pritahovani opacné nabitych skupin enzyrr!,tep;v ec olr(n_oc:'e cl’:‘.’l’e: silami, ktere
(zelena v substratu a cervena v lizku), vodikové mistky. poutaji substrat k jeho luzku.

Stépena vazba se tim dostane mezi , nGizky" silné
polarnich skupin (napF. karboxyl).



Alostericka aktivace enzymu.

regulacni

molekula

Enzym sam neni
schopen rozstepit
substrat,

nebot’ jeho molekula
nema spravny tvar.

Teprve navaze-li se na
jiné misto regulacni
molekula (hnéda
zprava),

nez se vaze substrat,
ziska funkcni formu.



Alostericka inaktivace enzymu.

Regulacni molekula

Regulacni molekula se pripojuje opét na jinem misté molekuly enzymu,
nez kam se vaze substrat.

Tim se lisi od pouhého blokovani I8zka, které mize zplsobit latka podobna
substratu (soutéziva Cili kompetitivni inhibice).

Alostericka inaktivace patri k regulacnim pochodm. Mtize ji vyvolat jen

zcela urcita latka, ta, ktera svymi vlastnostmi presne odpovida mistu, na
které se vaze.



Cetné molekuly se $tépi, vstoupi-li do jejich
struktury m
’

olekula vody pri hydrolyze.

T

-
Jako priklad uvadime hydrolyzu bilkoviny, kdy mezi atom
dusiku (zeleny) a uhliku s vazanym kyslikem vstoupi
molekula vody. Vznika ta

Chemicky takovou reakci zaznamenavame:

-NH-CO- + H,0 =@+

Samovolna reakce by probihala velmi pomalu. Katalyzator
ji urychluje ptsobenim na elektronové oblaky (oranzova).

Elektrony se vzajemné odpuzuiji, zatimco kladné nabité
atomy (protony) je pfitahuji.
Sipky naznacuji, jak katalyzator svymi

vyvola pohyb elektrond, ¢imz se oslabi vazby
mezi atomem dusiku a uhliku, takZe se prerusi.

Vlastni télo katalyzatoru udrzuje funkéni skupiny v presné
poloze, nezbytné k vyvolani naznac¢enych zmén

v elektronovych oblacich stépené vazby. ,,Umi* vsak i
leccos jiného, zejména ,pripoutat" latku, ktera ma byt
Stépena. Katalyzator umozni, aby reakce probéhla
Lefektivnéji®, po jejim probéhnuti a nezménén mdze
opakované vstupovat do reakce.




Nékteré energie dulezité pro bunky

%

average ATP hydrolysis C-C
thermal motions in cell bond
ENERGY
CONTENT | | [ T
(kcal/mole) 0.1 T 10 100 1000
noncovalent green complete
bond in water light glucose oxidation

Figure 2-7. Molecular Biology of the Cell, 4th Edition.
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Chemickeé reakce, syntézy a stépeni,
nahodilost a zakonitost déju

Stavy A a C se od sebe liSi obsahem energie,
ktery se mUze uvolnit jako volna energie E.,.

Presto preména A—C neprobéhne samovolné.
Musi projit stavem B, ktery'ma vyssi obsah energie nez A. Aby se mohla

uvolnit volna energie E,, musime stavu A ,pUjcit" energii E,; jen tak se
dostane na mezistupen B.

11



O

152 pm ”

o e

157 pm O_H

H

KYSELINA FOSFORECNA JE TROJSYTNA KYSELINA (H;PO,),
TZN. ZE V JEJi STRUKTURE JSOU TRI HYDROXYLOVE SKUPINY SCHOPNE ODSTEPIT PROTON.

JEDEN ATOM KYSLIKU JE VAZANY PRIMO.

TVAREM JE PRAVIDELNY CTYRSTEN NEBOLI TETRAEDR.
TYP HYBRIDIZACE ATOMOVYCH ORBITALU JE SP3;

12


http://cs.wikipedia.org/wiki/Kyselina
http://cs.wikipedia.org/wiki/Atom
http://cs.wikipedia.org/wiki/Kysl%C3%ADk
http://cs.wikipedia.org/wiki/Tetraedr
http://cs.wikipedia.org/wiki/Hybridizace

4

A. Kyselina fosfore¢na/ortofosforecna
B. Kyselina pyrofosfore¢na
C. Kyselina trifosfore¢na

Tyto kyseliny jsou nejdilezitéjSimi slouceninami v preménach
a uschove energie v zivych systémech.

13



Legenda:
ATP hnéda kulicka — signalni molekula

% — adenylatcyklaza
202 3 3 28 o - _ modréa — alostericka bilkovina
(molekula neaktivni)

tyrkysova — (aktivni enzym)
Oranzova — inhibitor

2 CAMP

(., kofaktor")

'%; — 1,2,-dva zplsoby aktivace

—— ’ ez Pomoci cAMP
e )‘E@f Aktivni

enzym

Vznik a ¢innost cAMP. V membrané burky je bilkovina, ktera ma dvé funkce: na
vnéjsi strané membrany je specifickym receptorem (prijimacem) signalni molekuly
(hnéda kulicka) a na vnitrni strané membrany se po pfijeti signalu méni v enzym,
ktery prevadi ATP na cAMP a pyrofosfat.

14



Jeden z hlavnich vyznamu popsanych
reakci - znacny stupen zesileni

Stupné zesileni:
- Kazda adenylatcyklaza vyrobi mnoho molekul cAMP

- Kazda molekula cAMP aktivuje jednu proteinkinazu, ta ma za ukol
predevsim pripojit kyselinu fosforeCnou na enzym syntetizujici
glykogen z glukozy, a tim jeji vyradit z provozu. Tak zablokuje
mnoho molekul enzymu

- Soucasne navaze kyselinu fosforecnou na kinazu enzymu o
rozkladajiciho glykogen. Tim uvede v Cinnost mnoho molekul kinazy.

- Jedna molekula kinazy vsak aktivuje mnoho molekul enzymu
rozkladajiciho glykogen.

Kdyby kazde zesileni bylo jen desetinasobné, pak vysledkem
je 10 000 nasobne zesileni rozkladu, podporenée
zablokovanim syntézy.

15



zmena konformace
(rychlost reakci)



Pét zakladnich signalnich systému, které
funguji v eukaryotickych bunkach

Signal 1 Signal 2 Signal 3 Signal 4 Signal 5
l l l l l Outside
Receptor
Receptor Receptor Receptor Receptor  protein tyrosine Membrane
kinase
l l Inside
\4 Y \4
cyclic AMP cyclic GMP Ca?* Diacylglycerol ‘X
PK- G Calmodulin PK- C Protein Ser/Thr

/l\ /NN AN T

Multifunctional Dedicated
kinases kinases

/N

P. Cohen: TIBS, 17 (10), 408-413, 1992
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Pét mezibunécnych paralelnich signalnich drah
aktivovanych receptory svazanymi s G-proteiny,
tyrozin kinazovymi receptory nebo obéma typy

signal molecule

N G-protein- receptor

linked receptor \ 7\ £ tyrosine
/\ < | kinase

G protein G protein — phospholipase C  Grb2 Pl 3-kinase

{
! . Ras-GEF !
adenylyl cyclase  IP3 diacylglycerol Rl P1(3,4,5)P3
as
A\ Caz+ MAP-kinase-kifwase-kinase A
cyclic AMP N PDK1
calmoldulln MAP-kinase-kinase
Y Y
PKA CaM-kinase PKC MAP-kinase PK

==/

gene regulatory proteins  many target proteins

Figure 15-61. Molecular Biology of the Cell, 4th Edition. 18



HLAVNI ROZDIL V PUSOBENi MEZI
REGULATORY HYDROFILNI (LIPOFOBNI)
A HYDROFOBNi (LIPOFILNi) POVAHY



Jak prochazeji latky
membranami?

o o/

Polarni latky (napriklad ionty) jsou ve
vodé obvykle obklopeny nékolika
molekulami vody (hydratovany).

To znemoznuje jejich prichod
hydrofobni mezivrstvou v membrané.

Kdyz se vSak obali hydrofobnim
(lipofilnim) plastém,
snadno pres membranu projdou.

Struktura membrany miZze vSak obsahovat nékteré funkéni prvky, treba kanalek
(dole) s hydrofilnim vnitrkem.

Kanalek mdze ménit svlj rozmér, a tim regulovat prlichodnost latek. Vétsinou vsak
v roli regulator{l vystupuji membranové bilkoviny.

20



Lipofilni regulatory

ristové signaly
hydrofilni povahy

(proteiny, katecholaminy, apod.

cykliny

CDKs

MANVA\R

/—\‘_ receptory

l

regulatory

|

molekuly
signalové
transdukce

/ transkripce

molekuly
zesilovaci
kaskady
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Tri tridy
bunécnych
povrchovych
receptoru

(A) ION-CHANNEL-LINKED RECEPTORS

plasma * > ions

®  membrane ' \ ' ;SIQnaI molecule

(B) G-PROTEIN-LINKED RECEPTORS

signal molecule

enzyme

G protein activated
R G protein

activated
enzyme

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

(C) ENZYME-LINKED RECEPTORS

signal molecule
in form of a dimer

sugnal molecule

OR

inactive catalytic active catalytic activated
domain domain enzyme

Figure 15-15 part 2 of 2. Molecular Biology of the Cell, 4th Edition. 22



Superodina jadernych receptoru

DNA-binding
domain

N va c
cortisol receptor

N — C
estrogen receptor

N - C
progesterone receptor

N——C
vitamin D receptor

N———C
thyroid hormone receptor

N —s—C
(A) retinoic acid receptor

ligand-binding
domain

transcription-activating
domain

H2N

DNA-binding domain
. ... COO
inhibitory

proteins
(B) INACTIVE RECEPTOR

coactivator
proteins

ligand

DN

receptor-binding transcription of
element target genes

(C) ACTIVE RECEPTOR

(D)

Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Zména konformace na urovni membran a cytosolu

PRIKLADY

24



Prehled moznych drah uvolnéni kyseliny arachidonové (AA),
pouzityvh inhibitort a detekovanych lipidovych meziproduktu

(podtrzeno)

Membrane
perturbation
Pl

MAFPJ_ J_u-73122

—— LPC+

Q.DAG lipase) |THL
prostaglandins -I-

leukotrienes <

MAG lipase M]—AG +EA

TMAFP

AWYA

Lipidomics reveals membrane lipid remodelling and release of
potential lipid

mediators during early stress responses in a murine melanoma
cell line

Gabor Balogh a, Maria Péter a, Gerhard Liebisch b, Ibolya
Horvath a, Zsolt Torok a, Enik6 Nagy a,

Andriy Maslyanko a, Sandor Benké ¢, Gerd Schmitz b, John L.
Harwood d,[J, LaszI6 Vigh a,[0Biochimica et Biophysica Acta
XXX (2010) XXX—XXX



Tvorba vazebnych mist inositol fospholipidu Pl 3-kinazou

®
%o, -

phosphatidylinositol Pl 4-phosphate Pl 4,5-bisphosphate
(PI1) [PI(4)P] [PI(4,5)P2]

\

PLC diacylglycerol

IP3

CATALYZED BY PI 3-KINASE

\
\

\
1D
® (P

Pl 3-phosphate Pl 3,4-bisphosphate P| 3,4,5-trisphosphate
[PI(3)P] [PI(3,4)P2] [PI(3,4,5)P3]

Figure 15-58. Molecular Biology of the Cell, 4th Edition. 26



Jedna z cest podpory bunééného preziti pres Pl 3-kinazu

survival signal

Pl(4,5)P2
; D) ~r : CYTOSOL
P 3 4,5P34 PH
( IP3 ﬁjomains(
activated R
Pl 3-kinase phosphorylation “@" .o ciation

and activation "

activated receptor of PKB by PDK1

tyrosine kinase
inactivated BAD

14-3-3
protein

- — INHIBITION OF
= APOPTOSIS

active PKB PXP

BAD
| .
PHOSPHORYLATION™

inactive death- OF BAD
inhibitory protein active death-
inhibitory protein

Figure 15-60. Molecular Biology of the Cell, 4th Edition.



3-D struktura proteinoveé kinazy

phosphate-
binding
loop

| catalytic

Figure 3-64. Molecular Biology of the Cell, 4th Edition.
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Prenos signalu pres receptor pro epidermalni ristovy faktor (EGF)
se zapojenim drah metabolismu kyseliny arachidonové (AA)

SHETEP>LTA4 i

Tyr-k |7 Nk

-~ ~
7/ + N\

/ v \

I Nuclear responses .

PLA2: fosfolipaza A2, 5-LOX: 5-lipoxygenaza, SHETE: 5 hydroxykyselina, LTA4, C4: leukotrien A4, C4, PKC:
protein kindza C, DAG: diacylglycerol, PIP2: fosfoinositoldifosfat, PLC: fosfolipaza C, Tyr K: tyrosin kinaza



Transport vapnikovych ionti pumpou Ca?*

ATP-
binding
site

ten membrane-spanning helices
(A)

CONFORMATION A CONFORMATIONB  CONFORMATION C CONFORMATION A

tightly
bound Ca2

CYTOSOL

two Ca2* ions a protein conformational after Ca2+ ions
bind tightly; the change lowers the dissociate, the
aspartyl residue is free energy of agpartyl aspartyl phosphate
phosphorylated phosphate; the Ca<* is now is hydrolysed to
by ATP, creating loosely bound facing reset the protein
high-energy linkage lumen, and it dissociates for the next cycle

(B)

Figure 3-77 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Kaskada proteinovych kinaz v prenosu signalu

£a HBBBUBBBU

ATPase

~ S

pr—

lkinase| [kinase] [kinase] [kinase]

| | | |

ACTIVATION OF CELLULAR TARGET PROCESSES




Struktura izoforem protein kinazy C (PKC)

Group A
cPKC

o, BI, BIL, v

Group B
nPKC
8,e,m(L),8

Group C
aPKC
A G

Regulatory Domain

-

pseudosubstrate

V3

Catalytic Domain

C3 V4 A

g
.

B

H HCDDH

i

N W Moo

: H % HCGDH

A. Basu: Pharmacol. Ther,, 59 (3), 257-280, 1993
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Model aktivace protein kinazy C

pseudosubstrate

Site of
proteolysis

1 Activation
Cofactor
Phorbol ester binding Proteolysis
DAG

‘—- Substrate ATP ——' ‘—— Substrate
b= cOOH - MK %7 I=cooH

A. Basu: Pharmacol. Ther, 59 (3), 257-280, 1993
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Evolucni strom vybranych proteinovych kinaz

g MAP kinase
subfamily
kss1 ERK1 cyclin-dependent
- PDGF Weel
receptor ‘
tyrosine EGE Cdk
kinase |l receptor
subfamily
Src cyclic-AMP-
Lck . dependent kinase

Z cyclic-GMP-
Raf dependent kinase
Mos protein kinaseD

Ca2*/calmodulin-

TGF-B myosin light-  dependent kinase
receptor chain kinase

receptor serine
kinase subfamil

Figure 3—65. Molecular Biology of the Cell, 4t Edition.
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Fosforylace proteinu

ADP

OH (|)
serine CH> )‘A CH»>
PROTEIN |

side chain

PROTEIN
PHOSPHATASE

(A) \T/

Pi

kinase AP} ,,,
phosphatase v
kinase (P)
ON — ' OFF
-\ /-phosphatase

I\
(B)

Figure 3-63. Molecular Biology of the Cell, 4th Edition.



GTP-vazebné proteiny jako molekularni
spoustéece

|
Pi

i » |

GTP GTP N
—" HYDROLYSIS

ACTIVE INACTIVE INACTIVE ACTIVE

Figure 3-70. Molecular Biology of the Cell, 4th Edition.

36



Cdk protein funguje jako nastroj integrace

INPUTS
has this has this . -
phosphate phosphate 12 cyclltn7
been added?|| been removed?|| PT€S€Nt

cdk kinase activity turns on only if the
answers to all of the above questions
are yes

OUTPUT

Figure 3-66. Molecular Biology of the Cell, 4th Edition.



Protein kinaza typu Src funguje jako nastroj
integrace

INPUTS
has this has this has this
phosphate binding been || phosphate
been removed?| | disrupted? ||been added?

Src-type protein kinase activity turns on
fully only if the answers to all of the
above questions are yes

OUTPUT

Figure 3-69. Molecular Biology of The Cell, 4th Edition.



SIGNAL
Proteinové |

Ca?+

kinazy a
fosfatazy 50000008
Ptdins(4,5)P, PC

\

PhospholipaseC Phospholipase A, Phospholipase D

’ﬁ‘_‘ ) -
1‘*-.‘ Vi g J
/ \’_’ { \‘ hﬂ\_\x ;.;:
Ins(1.4.5)P4 | DAG EFA LysoPC| DAG

Caz+ / \

h v

Transientl PKC activation Sustained PKC activation
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Zmena konformace jako podstata rizeni cytokinetiky

INHIBICE B. DELENI
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%hat sﬂ does;l When

e p53 protein iIs made,
it turns on the gene for a

rotein that
bloc dk enzymes,

and thus cell division.

DNA synthesis

\4

Cell division

Science 262, 1644, 1993



Zmena konformace jako podstata rizeni cytokinetiky

STIMULACE B. DELENI

42



Schema eukaryotické replikac¢ni vidlicky ukazujici
sehrané pusobeni DNA polymeraz o a 8 na opacnych
stranach vidlicky

DNA primase

—

elicase

Polymerase &

RF-C

-

R. A. Laskey et al.: Science 246, 609, 1989



Model blokace inhibice komplext cyklin dependentni
kinaza - cyklin prostrednictvim p21

cyclin complexes An active CDK-cyclin complex, in which ATP is bound in the catalytic
cleft Inhibition f the complex by a CIP/KIP CKI (Ref. 19). There are three major fea-
tures O the interaction: (1) a hydrophobic interaction between the RRLFG motif in the
CIP/KIP CKI N-terminus and the cyclin; (2) a rearrangement of the CDK such that the
glycine-rich loop that binds to ATP is no longer available; and (3) the insertion of the CKI 3, -
helix into the catalytic cleft, where it mimics ATP. The dark gray line represents the CIP/KIP
CKI C-terminus, which was missing in the crystallization @whose orientation with respect

Model for the blo$1g of p21°PLmediated inhibition of cyclin-dependent kinase (CDK)-

to, and effect on, the CDK-cyclin complex is not clear. Binding of E7 or proliferating-
cell nuclear antigen to the p21°** C-terminus might rearrange the interaction between
p21°P1 and the CDK-cyclin complex, and allow ATP binding and phosphorylation of some
substrates.

J. O. Funk and D. A. Galloway: TIBS, 23, 337-341, 1998



PODSTATA - ZMENA
KONFORMACE



Receptorem zprostredkovana draha aktivace

ﬁ / STIMULUS
ﬁ receptor

‘. » »
OO XL &
 J (]

MesizZ g3 > 1= < S

C protein PIP 2

/ phospholipase C

L substrate
protein kinase C

l

inositol P3 ¥+ ” RESPONSE

ST
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Zména konformace na Urovni genomu

PRIKLADY
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Alostericky “walking” protein

Figure 3-75. Molecular Biology of the Cell, 4th Edition.
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Aktivace NF-xB TNF-a

TNF-o trimer

CYTOSOL

TRADD (L ) adaptor proteins

RECRUITMENT ,
_ CD AND ACTIVATION & 2~ activated IKKK

inactive
IKKK OF IKKK

L PHOSPHORYLATION
Inactive . AND ACTIVATION %
IKK OF IKK BY ©. activated IKK-B

ACTIVATED IKKK

-
kB OF IkB (?

NF-xB

exposed nuclear )
localization signal

MIGRATION OF NF-xB UBIQUITYLATION AND
INTO NUCLEUS / DEGRADATION OF

PHOSPHORYLATED IxB
coactivator ‘m

IN PROTEASOME
DNA

¥
TRANSCRIPTION OF NF-xB &>
TARGET GENES

Figure 15-74. Molecular Biology of the Cell, 4th Edition.
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Tvorba signalnich proteinti s PH doménami k plasma
tické membrané béhem aktivace B bunék

activated B cell receptor complex
Pl(4,5)P2 / plasma membrane

R

@t (P) =
P1(3,4,5)P3

activated Pl 3-kinase

(B)

-
P1(3,4,5)P3 4domains

tyrosine phosphorylation
and activation of PLC-y
by activated BTK

BTK  PLCvy
P1(4,5)P2 diacylglycerol
() ’ {;
(PXP), (PXP) 3 > > Activation
@ W/C;AVAGE\ of PKC
S (PYP) — Release of
IP3 Ca?* from ER

activated PLC-y

Figure 15-59. Molecular Biology of the Cell, 4th Edition.
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Nékteré signalni proteiny fungujici pres
cytokinoveé receptory a signalni drahu Jak-STAT

TABLE 15-5 Some Signaling Proteins That Act Through Cytokine Receptors and the Jak=STAT Signaling Pathway

SIGNALING LIGAND

RECEPTOR-ASSOCIATED  STATS ACTIVATED
JAKS

SOME RESPONSES

y-interferon
a-interferon
Erythropoietin
Prolactin

Growth hormone
GM-CSF

IL-3

Jakl and Jak2 STAT1
Tyk2 and Jak2 STAT 1 and STAT2
Jak2 STAT5
Jakl and Jak2 STATS
Jak2 STAT 1 and STAT5
Jak2 STAT 5
Jak2 STAT5

activates macrophages; increases MHC
protein expression

increases cell resistance to viral infection
stimulates production of erythrocytes
stimulates milk production

stimulates growth by inducing IGF-1
production

stimulates production of granulocytes
and macrophages

stimulates early blood cell production
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Jak-STAT signalni draha aktivovana o-interferonem

a-interferon receptors a-interferon

CYTOSOL

BINDING OF INTERFERON
CROSS-LINKS ADJACENT pﬁc‘orsl\;ﬁ{)egy‘{#g
RECEPTORS, AND Jaks RECEPTORS ON
CROSS-PHOSPHORYLATE TYROSINES
EACH OTHER ON TYROSINES

AFTER STATs DOCK ON
SPECIFIC PHOSPHOTYROSINES
ON THE RECEPTOR, THE Jaks
PHOSPHORYLATE THEM

STATSs DISSOCIATE
FROM RECEPTOR
/~ STATs MIGRATE TO NUCLEUS, AND DIMERIZE VIA

BIND TO DNA AND OTHER THEIR SH2 DOMAIN

GENE REGULATORY PROTEINS

other gene
regulatory proteins

DNA
7 t

a-interferon response  TARGET GENE TRANSCRIPTION
element in target gene

Figure 15-63. Molecular Biology of the Cell, 4th Edition.
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Model Smad-dependentni signalni drahy
aktivované TGF-j

CYTOSOL G
Smad2 or
'E Smad3
@ (D
a— Smad4
E PHOSPHORYLATED
THE piade 2 nacd Smad2 OR Smad3
MIGRATES TO DISSOCIATES FROM
NUCLEUS, RECRUITS THE RECEPTOR AND
. OLIGOMERIZES WITH
OTHER GENE
REGULATORY PROTEINS, Smad4
AND ACTIVATES
TRANSCRIPTION OF
SPECIFIC TARGET GENES

other gene regulatory proteins

\

TGP p-response  4pGET GENE TRANSCRIPTION

element in
target gene

Figure 15-65 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

TGF-B

CYTOSOL | (P) G Smad?
serine/ . ). &or
threonine “type-Il type-I \~ Smad3
klnaSQ TGF_B TGF"B .

domain receptor receptor

TGF-$ BINDING TO A TYPE-II PHOSPHORYLATED TYPE-|
RECEPTOR CAUSES THE RECEPTOR RECEPTOR RECRUITS AND
TO RECRUIT AND PHOSPHORYLATE PHOSPHORYLATES Smad2

A TYPE-I RECEPTOR OR Smad3

Figure 15-65 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Kontrola transkripce genl environmentalnimi
signaly

receptor protein in cell membrane
detects environmental signal

\h
/,_\\‘

O @ gene-regulatory protein
~ is activated...

/...and binds to regulatory DNA...

::Q/__:

...provoking activation of a gene
to produce another protein...

...that binds to other
1regulatory regions...
A

v - AR
regulatory l 1

region O x

...to produce yet more proteins, including
some additional gene-regulatory proteins

( protein-coding
region

Figure 1-40. Molecular Biology of the Cell, 4th Edition.
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Aktivace protein kinazy typu Src dvema

nasledujicimi deéji
kinase domain

SH3 OFF

tyrosine

PHOSPHATASE
REMOVES
INHIBITORY
PHOSPHATE

KINASE ADDS
ACTIVATING
PHOSPHATE
TO TYROSINE

Nef PROTEIN
BINDS

COMPLETELY
ON

activated Src-type protein kinase

Figure 3-68. Molecular Biology of the Cell, 4th Edition. 55



Srovnani dvou hlavnich vnitrobunécnych
signalnich mechanismu u eukaryotickych bunék

SIGNAL IN SIGNAL IN
PROTEIN .
KINASE GEF [éﬂi
APP P BEE
Ok
= ON
PROTEIN GAP
PHOSPHATASE
SIGNAL OUT
SIGNALING BY PHOSPHORYLATION SIGNALING BY GTP-BINDING PROTEIN

Figure 3-72. Molecular Biology of the Cell, 4th Edition. =



Velké konformaémi zmény v EF-Tu zpusobené
hydrolyzou GTP

domain 1

P/ GTP-
binding
site

| switch

| helix

released tRNA

Figure 3-74 part 1 of 2. Molecular Biology of the Cell, 4th Edition
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