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O1 diauAol 16vIwy gival ENIAEKTIKOI

O1 veupodiaBiBaotég eAéyxouv Tn Aglitoupyia
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O1 npwtelveg G PnoPOUV va EVEPYONOIOUV N
VA KAtaotéAAOUV MPWIEIVEC-GTOXOUC

O1 npwrteivec G evepyonolouvial He TNV
anocuvdecn tng unopovadag a and to TplI-
HEPES

O1 npwteivikée KIVAGES Eival onUaviikoi
NAPAayovieg NG HETAYyWYNg GNHATWY

O1 unodoxeic au§nTiKwy oppovwy gival
KIVAGES MPWTIETVWV

O1 unodoxei¢ evepyonolouvial pe OIHEPIGHD
O1 unodoxeig pe evepyoTnTa KIVAGNG EVEP-
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H napoucia npoAivng eival Kpicipgo xapa-
KTNPICTKO Twv MotiBwv aAAnAenidpacng
NPWTEIVWY

To povonau Ras/MAPK eivair euputata
GUVINPNHEVO

H evepyonoinon tng Ras eAéyxetal and 10
GTP

To povondau wng kivacng MAP eival évag
KAtappaxking onparodotneng

T1 kadopizer v e§adikeucon Tng Gnpatodo-
TNGNG;

H evepyonoinon evog povonatiou pnopei
va NPoKaAécel dIAOPETIKA anoteAéopata
To kKukAlkO AMP kai n evepyonoingn tou
CREB

To povonau JAK-STAT

O1 npwrelveg Smad evéxovial GTo povond-
Tl petaywyng onpato¢ tou TGFB

[MepiAnyn




Figure 6.1 The Biology of Cancer (© Garland Science 2007)
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Figure 6.28 The Biology of Cancer (© Garland Science 2007)



AvaAoyd E TO QJUVOEIKO KATAAOLTTIO-OTOXO0, DLAKpPIivovTal TPELG

TUTTIOL TIPWTELVIKWY KIVAoWwV:

>

Ol TIPWTEIVIKEG KIVAOEG 0€pivng/Bpeovivng (protein serine/threonine
kinases) euBuvovTal YIA TIC TIEPIOCOTEPES PWOPOPUALWOEIG OTO KUT-
TAPO. Onweg UrmoodonAwVEL KAl TO OVOWA TOUG, PWOPOPUALWVOUYV OTNV
TIPWTEIVN-OTOXO0 KATAAOLIMA Ogpivng 1 Bpeovivng.

Ol TPWTEIVIKESG KIVAoeg Tupoaivng (protein tyrosine kinases) ¢pw-
CPOPUALWVOUV OTNV TIPWTEIVN-OTOX0 KATAAOLTIA TUPOGIVNG.

Ot Kivaoeg dITTAG £€c1dikeuong (dual specificity kinases) eival 1o
OTIAVIEG KAl MIMOPOoUV VA PpWOPOPUALWOOUV OTIC TIPWTEIVESG-OTO-
XOUG TOUG EITE KATAAOLITA TUPOCIVNG £ITE KATAAOLTIA OEPIVNG/BpED-
vivng.

ADP
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H pwo@opuliwon TpoKaAegi aAAayn
OTH OTEPEOOIAUOPEWON TNC TTPWTEIVNC
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2XNMATIKR avatrapdoTaon Tng Kivaong p38

term S«
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2 UVKPITIK] TTOPOUCIOOoN TWV EVEQPYVOTTOINUEVWYV KIVOOWV
p38, ERK ka1 cAPK




KpuoTaAAikn doun Tou ocuuttAokou EGF- uttodoxéac EGF
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KpuoTaAAikn doun Tou ocuuttAokou EGF- uttodoxéac EGF
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KpuoTtaAAikn doun Tou ocuuttAokou EGF- uttodoxéac EGF
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NMpwrTelviKa JoTia avayvwpiong

Tahle 1

Maodification-specific recognition by protein modules

Regidie

Modifaration

Mouhele*

Serine
Theamnine

Tyrosine

Lysine

AT e

Proline
Asparagine
Aspartate

(rlutamate

Plhosphordation
O-GleMACdation
Phasphardation
O-GleMNACation
Plhaosphardation
Sulfation

Mit ratiomn
Acetylation

bl thylation

U higuitination
Meddylation
Sumoylation
Biotinylation
honomethylation

Sy tric dimet lylation
Asymme tric dimet hylation

Citrullination
Hydraxylation
Eomerizatian
Hydromylation
Glycoaylation
AP-nhosylation
bl thdation
AlP-nbosylation
bl thdation

14-3-3, KIX, MH2, WW, W40, LRR, arrestin domain, PRD, BRCT, CIT

¥

14-3-3, WW, FHA, PED, BRCT

i

SH? PTH
L5 ]

i

Bromaodomain

Chromaodomain

UTM, ITBA, CUE, UEY, NZF, PAT
Shanng domains with uhigutication?
SIM, SHI»

Avidin




Ta povoTtraria Twv MAP kKivacwyv

PMAPKAP

Activation of ERK, JNK and p38 pathways following stimulation by stress or growth factors.



EvepyoTroinon Tou peTaypa@ikou TrapayovTta Elk-1 pe
PWOoPOPUAIiwON

WAPKD £
|




MovotrdaTtia MAP kKivaocwv

Movotmrdti ERK JNK p38 ERKS ERK3
EpéBiopua Kutokiveg UV, otpeg OopoTiké oTpeg, Opog ?
N
G TpwrTEivn Ras < ————= > Rac/Cdc42 ? ?
LN
MAPKKK Raf-1 MEKK1,2,3 TAK1, TAO MEKKS3 ?
b
MAPKK MEK1,2 MKK4,7 MKK3,6 MEKS5 ERKS kinase
T
MAPK ERK1,2 JNK1,2,3 p38a,B,,7,0 ERKS ERK3
L R
2TOXO0G Elk-1, Elk-1, c-Jun, Elk-1, SAP-1, MEF2C, ?

Spi-B, c-Myc  ATF-2 MEF2C SAP-1



MorTi3a cuvappuoyng KIVaowV
(Kinase docking motifs)

Kinase-docking motif

|
_—l&— MEF2A
- DBD lﬁ Elk-1

ﬁ BBES c-on

TiBS




PS&Aog Tou poTifou cuvapuoyng D otn ewo@opuAliwon Tou
SAP-1 amé 1i¢ MAP Kivaoceg

MBP — D — C — MBP-SAP-1
MBP —/‘— ¢ —— MBP-SAP-1AD
SAP-1 SAP-1AD

| . |
5 15 30 60 5 15 30 60 (min)

80

40

(=)
]

0 5 15 30 60 0 5 15 30 60
time (min) time (min)

Relative MAPK activity
Relative MAPK activity
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PS&Aog Tou poTiffou cuvapuoyng D oTn HETOYPA@PIKA
gvepyotroinon tou SAP-1 amro 1i¢ MAP kKivaoeg

MBP/GAL — D — C — MBP/GAL-SAP-1
MBPIGAL—/'— ¢ — MBP/GAL-SAP-1AD
In vitro : In vivo :
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PS&Aog Tou poTiffou cuvapuoyng D oTn HETOYPA@PIKA
gvepyotroinon tou SAP-1 amro 1i¢ MAP kKivaoeg

MBP/GAL — D — C — MBP/GAL-SAP-1
MBPIGAL—/'— ¢ — MBP/GAL-SAP-1AD
In vitro : In vivo :

-
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THE AMINO ACID FAMILIES OF
AMINO ACIDS

The general formula of an amino acid is

The common amino acids
are grouped according to
whether their side chains
are

ce-Carbon atom
H

| i carboxyl

AMino _ a
H:."n.—l': COROH Qroup

group

acidic
basic

uncharged polar
nonpolar

R
—-H_h"_-_ side-chain rougp

R is commonly one of 20 different side chains.
At pH 7 both the amino and carboxyl groups
are ionized. These 20 amino acids

are given both three-letter

and ane-latter abbreviations.

ki
) I =
H ;-.'—l?—f.".{}f.?
K

Thus: alanine = Ala = A

—_—————— e e e e — e ——

]r
|
!
é
f
|
1
|
|
::
|
i
|
]
|
%
j
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Ta Apivoééa

Mn ToAikd (uSpopopa) MoAikd (udpo@IAa)

glycine Gly G serine Ser S
alanine Ala A threonine Thr T
valine Val \Y cysteine Cys C
leucine Leu L tyrosine Tyr Y
isoleucine Ile | asparagine Asn N
methionine Met M glutamine Gln Q
phenylalanine ~ Phe F

tryptophan Trp \\Y HAekTpIKA QOpPTICHEVA
proline bro b (B§T|Kd Kol udpo@IAa)
lysine Lys K

HAeKTPIKA QOpPTICHEVA arginine  Arg R
(apvnTIKG Kol udpOPIAQ) histidine His H

Asparticacid  Asp D

glutamicacid Glu E



BASIC SIDE CHAINS

lysine arginine histidine
iLys, or K} 1Arg, or R) {His, ar H)

0 H O 0
e |
k

_N_ [ _L —

This group is

very basic OHC

because its MNH s \,

positive charge These nitrogens have a

is stabilized by ‘{ \ relatively weak affinity for an

resonance. i H* and are only partly positive
at neutral pH.

HAEKTPIKG QOPTIOUEVA
(BeTIKG KOl USPOYIAD)
lysine Lys K

arginine Arg R

histidine His H



ACIDIC SIDE CHAINS

aspartic acid glutamic acid
(Asp, or D} [Glu, or E)

H O H

)
|
—ri.l—C—::— —r~|.|—C—E—
H : H

|_
_CH-
|

CH,

|
CH,
|

HAEKTPIKG QOPTIOHEVA
(apvnTIKG KOl UOPOPIAQ)

Asparticacid  Asp D

glutamic acid  Glu E



NONPOLAR SIDE CHAINS

M n 1TOAI Kq’ {:ll:.nti::! {V:TI?VF
(UdpoYoBa)

glycine Gly G
alanine Ala A s
valine Val Vv i)
leucine Leu L
1soleucine Ile [ —
{Pro, or P) {Phe, or F)
methionine Met o9

—N—C—C—

CH, CH,

phenylalanine  Phe

(actually an CH;
imino acid}

tryptophan Trp

methionine
(Met, or M} (Trp, or W)

v £ 7 £

|-|| (8] H O
|
H

proline Pro

|
CH;
|
CH,
|

5—(CH,

glycine
(Gly, or G) {Cys, or C)
H O H O
I ]
—hl.'—i_—C— o i e, Sl b

H H H CH,

SH

Disulfide bonds can form between two cysteine side chains in proteins.

— CHi 5= 5 0Hy



MoAika (udpOPIAQ)

serine
threonine
cysteine
tyrosine
asparagine

glutamine

Ser
Thr
Cys
Tyr
Asn
Gln

O Z < O 3 w»n

UNCHARGED POLAR SIDE CHAINS

asparagine glutamine
(Asn, or N) (Gln, or Q)

W -
e

Although the amide N is not charged at
neutral pH, it is polar.

sering threoning tyrosing
(Ser, or 5) (Thr, or T) (Tyr, or ¥)

!

he -OH group is polar. —




Mn 1ToAIKG

(UdpoYoBa)
glycine Gly G
alanine Ala A NONPOLAR SIDE CHAINS
valine Val \Y alanine valine
leucine Leu L {Ala, or A) (Val, ar V)
1soleucine & I |—|| 1"1
methionine Met L ‘f P

H

phenylalanine ~ Phe CH

tryptophan Trp

v £ 7 £

proline Pro



XapakTnpiopog TnG mikpareiag D
TOU HETAYPO@IKOU TTapayovTa SAP-1
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MorTi3a cuvapuoyng KIVao WV
(Kinase docking motifs)

(a) MeTaypa@IKOi TTOPAYOVTEG

*o-Jun 2ILEQSMT-LNLADPVGSL
*JTunE *LLEPSLA-VNLADPYRSEL

*NEFAT4 MLERPSRDHLYLPLEPSYR
ATFa **VHEKHEKHE-MTLEKFGPART

*Elk-1 *12KGREKPRD-LELPLSPSLL EREK/JNK

*LIN-1 =*GMEPNP- -LNLTATSNFS ERE
*TFII-T="*SKRPKA--NELPQPPVPE o

SAP-1 18R SKEPKG-LGLAPT--LVI
SAP-2 29K AKKPEG-LEISAPPLLVL

*MEF2C 2*'N-REEPD----LE
*MEF2A 26"NSREDPD- - - -LR- - - —""I

ATF-2 #VHEHKHE-MTLEFGPARN

Features: Basic (LxL) (Qpp)




MorTi3a cuvapuoyng KIVaowV
(Kinase docking motifs)

(b) AAAG UTTOCTPWMOATO

*Jip-1152YRPKR---PTTLNL
*Jip-3 19GRSKK-ERPTSLNV

*PTP-5L 225LQERR-GENVSLTL
*STEP 211LQERE-GENVSLTL
*MEP3 S1IMLRELQE-GNLPV

*PDE4D432VETKEVTSSGVLLL
*MEK1 1 MEKEKPTP---IQL

Features: ¢ Basic LxL

*Rskl 722 AQRRE-VREELPSTT
*Rak2 =" LAQRRGIKKITSTA
*Rski™LAQRRGMERLTSTR
*XpS0Rek*1LAQRE-VEKLFPSTT

*Mnkl **1LARRRALAQAGRER
M=kl M'LAKRREMEETSTST

MAPKAP-K2 ** L LLERREKARALEA
MAPKAP-K3 **2LLNKRREKQAGSSS

Features: ¢  Basic




MorTifa cuvapuoyng KIvaowvV
(Kinase docking motifs)

11 (R RIR e e NI R RN RN IR RN

Morifo: Basic (LxL) (Ppp)

.H)\£KTpIK('J (pOpTIO'l.IéVG\
(BeTIKG KOl USPOPIAQD)

lysine Lys K
arginine Arg R
histidine His H

HAEKTPIKG QOPTIOUEVA
(apvnTIKG Kol udpOPIAQ)
Asparticacid  Asp D
glutamic acid  Glu E



H koiviy Béon cuvappupoyng (CD trepioxn) Twv MAP kKivaocwyv

333Y Y
314 Y
350 Y
311 Y
319 Y
314 L
311 F
324 W
324 W
362 W Y

o il <o i < B el = I B
[T

LA

D
D
D
D
D
D
D
D
D
D

o~ - T T B L - - B - I - R -
ey Bl Bl - = = o e [
< F P D MOomiMmmm

HEE - w9 T Y
L = B I O M S O o= =

=




H CD trepioxn tng ERK2

— >Asp316 ka1 Asp319

* Evepyo kévrpo




O1 repioxég CD kai ED tng kKivaong p38




O1 Treproxég CD kail ED Tng Kivaong ERK2




O1 repioxég CD, ED kai n auAaka ocuvapuoyng
TNG Kivaong ERK2
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O pOAOG TWV IKPIWHATWY OTNV £EE10iKEUON
Twv MAPK povoTtratiwy

(c)
Pheromone High osmolarity

' ’

Ste20p Cdc42
o) =208 (Cacazp

Bemip Cdc24p

o T S

p
Ste5p l |
‘ Stel/p ) Pbs2p .

l |
(usSp.-“Ksm) ( Hoalp )

¢ |

Mating response Glycerol synthesis




O pOAOG TWV IKPIWHATWY OTNV £EEI0IKEUON
TWV HOVOTTATIWV METAYWYNS OCAMATOG

(a)

HPK
( MLK )

(MKK?)
¢ N D ( JNK )

MEKK1

Stebp-like Pbs2p-like
scaffold complex scaffold complex

scaffold complex




To TTPWTO KUTTAPIKO POVOTIATI TTOU AVAKAAUQPTNKE WE attokplion ato c-AMP eivai
TO MOVOTIATI TNG ATTEAEUBEPWONG TNG YAUKOINC atrtd To YAUKoyovo. H avtidpaon
ouupaivel oTa NTTATIKA KAl JUIKA KUTTAPA KAl TTPOKAAEITAI KUPIWG aTTO TNV

OPHOVN ETTIVEPPIVN.



O1 TpwTeivec G dlioTavTal € 2 oNUATOOOTIKEC TTPWTEIVEC
OTAV EVEPYVOTTOIOUVTAI

receplor protein ingetive G protein

g
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atilia el Ly T

signal
mialecula

EXTRACELLULAR SPACE

CYTOS0L

F T

GTP

activated __ activated ____ 2
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To kukAikd AMP gvepyonoigi Tnv Kivaon PKA | Eikéva 28.44 Otav 10 KukAiké AMP
deopeveTal aTnv uttopovada R 1ng PKA, n

OQi0e15nG SN | Tropovada C aTrodeopeUeTal. MepIKEC Qo
unodox£ac KUKAQON X ; .
TIC uTTOMOVAdEeC C diaxéovTal aTOV TTUPAVA,
—_— OTTOU WO POPUAIWVOUV TO UETAYPAPIKO

"'""-—-—_____-
UUU'mp —> \ mapdyovra CREB.

Evepyonoinuevn

npwTeivn G I

“Q'”CAMP ‘Euuson ouuustoxn Tnc PKA

PKA I

N i

Genes VIl - Akadnuaikéc Ekdoosic 2004



O TTOAUNEPIONOG TNGS YAUKOCNG O YAUKOYOVO KATOAUETOI OTTO
TO £€V(UMO oUuVvBeTAON TOU YAUKOYOVOU

HOCH, HOCH, HOCH,

QPOPOMHQQ

UDP-qucose Glycogen (n residues)

Glycogen
synthase

HOCH, HOCH, HOCH,

c") o
0— ||= 0— P o—m HO

& O
UDP Glycogen (n + 1 resndues)




H atmoikodopunon Tou YAuKoyovou o€ YAUKOCN KaTaAUEeTal aTrd
TO EVCUMO WO @POPUAACT) TOU YAUKOYOVOU

HOCH, HOCH, HOCH,

0 0 0
0 0
I T . ! & oOH ! OH
"0—||3—0—F|>—o HO 0 0 0---
v ] OH OH OH

o) O
UDP Glycogen (n + 1 residues)

Pi Glycogen
phosphorylase

HOCH, HOCH,

0 0
4 OH OH
HO 0
OH OH

Glucose 1-phosphate Glycogen (n residues)




(a) Increased cAMP

Stimulation of
glycogen breakdown

PKA vs PPaon |

Inhibition of
glycogen synthesis

l

wk —— @

l_l

@ —— K3 e®

l

B 56

Glycogen+ n P; ———> n Glucose 1-phosphate

Abbreviations:

PKA Protein kinase A

PP Phosphoprotein phosphatase

GPK Glycogen phosphorylase kinase

GP  Glycogen phosphorylase

GS  Glycogen synthase

IP Inhibitor of phosphoprotein phosphatase




PKA vs PPaon |

(a) Increased cAMP

Stimulation of Inhibition of
glycogen breakdown PKA, glycogen synthesis

l N -

6k — > [3® B

l_l

@ —— K3 e®

Glycogen+ n P; ———> n Glucose 1-phosphate

(b) Decreased cAMP

Inhibition of Stimulation of
I breakd i Sy
glycogen breakdown /ﬁ:\ glycogen synthesis Abbreviations:

(active)
l l PKA Protein kinase A
PP Phosphoprotein phosphatase

GPK 2 > GPK 65 -®—— GPK Glycogen phosphorylase kinase
| GP  Glycogen phosphorylase
l GS  Glycogen synthase

—_— 1P Inhibitor of phosphoprotein phosphatase
GP_gQ i UDP'QIU(OSEL)GWCOQGH-FUDP o i it Je s




PKA vs PPaon |

(a) Increased cAMP

Stimulation of Inhibition of
glycogen breakdown PKA, glycogen synthesis

l J« Inhibition of

GPK ——— L4 @-P) —> GS <P phosphoprotein

| phosphatase

Glycogen+ n P, ———> n Glucose 1-phosphate

(b) Decreased cAMP

Inhibition of Stimulation of
I breakd i Sy
glycogen breakdown /ﬁ:\ glycogen synthesis Abbreviations:

(active)
l l PKA Protein kinase A
PP Phosphoprotein phosphatase

GPK 2 > GPK 65 -®—— GPK Glycogen phosphorylase kinase
| GP  Glycogen phosphorylase
l GS  Glycogen synthase

—_— 1P Inhibitor of phosphoprotein phosphatase
GP_gQ i UDP'QIU(OSEL)GWCOQGH-FUDP o i it Je s




H atroikodopunon Tou YAUKOyOvou Kai n Trapaywyn YAuKoZnG, TTou TTPpOoKAAEiTal
aTTo TA AUCNMEVA ETTITTEDA ETTIVEPPIVNG, ATTOTEAEI XAPOAKTNPIOTIKO TTAPAdEIYUA
OITTAOU pnXaviopou pulpionc. MNio ouykekpIPEVA TTPOKAAEITAI EVEPYOTTOINON
TwV eVCUPWYV TTOU OCUMMPETEXOUV OTO JOVOTTATI ATTOIKOOOUNONG TOU YAUKOYOVOU
UE TTAPAAANAN atrevepyoTToinon TWV EVCUNWY TTOU KATAAUOUV TOV TTOAUUEPIONO

NG YAUKOCNG O0€ YAUKOYOVO.



H evioxuon Tou onuaTtog givail BAaciKO XAPAKTNPICTIKO TWV
ONMATOOOTIKWY HOVOTTATIWV

o Epinephrine (10~ M)

Amplification /l\

Amplification

Adenylyl
cyclase

cAMP (107° M)

Protein
kinase A

Amplification
Activated
enzyme

Amplification
Product




EvepyoTroinon Twv utTodox£wVv KIVAoN G TUPOOivng

Ligand-
binding sites

Ligand
vv

Exterior

Cytosol

Receptor tyrosine

kinases (RTKs)

Bound ligand

Transmembrane
o helix

Activation
lip
Poorly active

protein tyrosine
kinase 2

Active protein
tyrosine kinase

Dimerization and
phosphorylation of
activation lip tyrosines

Phosphorylation
of additional
tyrosine residues




EvepyoTroinon Twv UTToOOOXEWV KUTOKIVNG

. Ligand-
Ligand pinding sites Bound ligand

MESYA

Transmembrane

Exterior ;/ o helix

-

JAK Kinase ADP
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O p6Ao¢ TNG pubpoOTTOINTIVNG OTNV TTAPAYWYH TWV WEIMWYV
EpUBpWYV aipoocaIpiwv
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Progenitors of other
types of blood cells

Erythroid progemtor (CFU-E)

Apoptos&s
(cell death)

Mature red cells




2.€ KATAOTAOEIC UTTOEIAGC (LMEIWPEVNG CUYKEVTPWONG OEUYOVOU) EVEPYOTTOIEITAI O
LMETAYPAPIKOC TTapayovTag Hypoxia Inducing Factor-1, o otroiog odnyei o€
augnon Twv emMTTEdWYV TNG KUTOKIVNG, EpuBpoTtrointivns. KabBwg Ta etTitreda 1NG
gepuBpoTroIinNTivng au¢dvovTal, Ta TTPWIKNa EpUBPOKUTTaPA dIAPOPOTTIOIoUVTAIl O
WPIMA EPUBPA aluoo@aipIa, 0 POAOG TWV OTTOIWYV Eival N HETAPOPA OEUYOVOU

OECUEUNEVO UE aljoO@aIpivn.



AAANAeTTidpaon TnG epuBpoTToINTiVvNG ME TOV AVTIOTOIXO
utrodoxéa

Erythropoietin

Membrane surface
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Kutokivip — Ynodoxéag — Kivaon JAK — STAT

Epo
receptor

DimerizatiAcy

Into nucleus;

binds DNA \

and activates Nuclear-
transcription localization signal




O p6Ao¢ TNG pubpoOTTOINTIVNG OTNV TTAPAYWYH TWV WEIMWYV
EpUBpWYV aipoocaIpiwv

O evePYOTTOINMEVOG HETAYPAPIKOC
Tapayoviac STATS TTpoKaAEi TNV
TTapaywyn Twv avTI-QTTOTTITWTIKWYV
TTpwTEivwy Bcl.

Hematopoietic stem cell

Epo 1

receptors M |
\ Progenitors of other
31 types of blood cells

Erythroid progemtor (CFU-E)

\/L_/
Apoptosis
(cell death)

Mature red cells



H pwo@araon SHP1 mrpokaAei Tnv armrevepyotroinon tng JAK2

Inactive JAK2
kinase

SH2 Phosphatase
domains domain




O utrodoxéag TnG epubpoTtroinTtivng Kai n Kivaon JAK2 givai
AVOYKAia yIa TNV TTApAywyn TwWV £pudpwvV aipyooc@aipiwyv




Ta onUATOdOTIKA NOVOTTATIO TNG EPUBPOTTOINTIVNG

Epo — EpoR — JAKZ

(a) STATS Transcriptional activation

(b} GRE2 or Shc — Ras — MAP kinase — Transcriptional activation or repression

Transcriptional activation or repression;

(¢} Phospholipase C, — ati F gt ———» . . :
© PR : Elevation of Ca modification of other cellular proteins

(d) PI-3 kinase — & Pratein kinase B ——— Transcriptional activation or repression:
' modification of other cellular proteins




To gyovoTtrdTt HeTaywyng onparog Ttou TGFR




To gyovoTtrdTt HeTaywyng onparog Ttou TGFR

Nucleus

) Transcription

-

RPNNAGAC] T CACGTGRZY PAI-1

S—.

3-bp spacer




