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cdKk regulation

1) The presence of the cyclin @
2) Activating threonine w

phosphorylation 1n the kinase
domain by CyH/cdk7

2) Inhibitory tyrosine phosphorylation on N-terminus
by weel (dephosphorylation by cdc25 A, B, C)

4) The presence of the cdk inhibitors

5) Nuclear vs. cytoplasmic location



cdk regulation

1) The presence of the cyclin @
1) Transcriptional regulation @

AP-1, Ets-fam., LEF-B-catenin, STAT3, NFkB, CREB for CyD
E2F, myc (indirect?) for CyE
E2F, CREB for CyA

b) Proteasomal degradation
GSK3f for CyD. SCF complex.
APC for CyB 1n methaphase checkpoint

¢) Translation and mRNA satbility
CyD



cdk inhibitors

1) Ink4 family (p15, p16, p18, p19)

2) KIP/CIP family (p21V*"!", p27%Pt,
P 57K1p2)



Progression through G1

P16 etc. Rb/EZFQ%b + EZF

* /\¢/\

CyD/cdk4(6) CyE/cdk2 CyA/cdk2
Mitogenic p27KiP S phase genes
stimuli 1
p2 1Waf

|
Stress / !



replicative
senescence

growth [actors

e.g. EGF
growth factor £ s
withdrawal &

\

‘932

-,

ubiquitination
degradation

contact DNA
inhibition damage

/

ATM/
ATR

@ismass /
. H 74\ f o il
wr
!

TGFpB

-

<

\ ?4)skp2
“ullind
.
+ Fow7
hCded

ubiquitination

is ""™>  degradation

L) ®
cae Y 77 Ml

;rd_ . ; ‘RT\ » \\

) “""%.§;P ha Se\\\\\

repression

activation

> A =t /) .':f (R
Pola.
HsCdeb
o, %
L T

MCM
llistone
Cyclin E
Cyelin A
b-myh



Cyclin E regulation

Cdk
o .

6% proteasome Cyclin E

targeting Thr degradation
phosphorylation  via SCF complexes

by GSK3p3 and and the
Cdk2/CyclinE proteasome

Cyclin E protein-

synthesis \ / localisation

ERplex protein
assembly \’ / transport
deactivating Tyr-P/Thr-P \
dephosphorylation
by PP2C
"T-loop"'-Thr-P-
activating Tyr-P/Thr-P dephosphorylation
dephosphorylation by KAP
by Cdec25 \ ‘
3 tivation by
‘ inhibitory Tyr/Thr- ,?,lg_l'::p',?_".rhi_
phosphorylatlon phosphorylierung
by Gl by CAK
Weel or Mytl binding
L
“ Cdk7




Cyclin E targets

Cdk2

/] \\\

p21Waf! : SWI/SNF, spliceosome

p27 l‘"" £21-5, NPPM/B23 associated
Cycelin F Cd 6 NPAT CP110 [li('ikzrllf{: roteins
C(lc"SA PC\IA (SAP155/SF3B1)

Initiation/
Regulation of Madulation it Initiation of

[Cy clm E /Cdk2 DNA- histone
activation biosynthesis

Duplication of Transcription Splicing

program of
centrosomes cell cycle pre-mRNAs

Replication



Cyclin E targets



Replication lycensing

(Key: B
@ 0 Free MCM2-7
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Replication licensing

system active _@:

Replication licensing
system inactive %‘

Active MCM2-7

TiBS




Replication lycensing

(Key: B
@ 0 Free MCM2-7
hexamers
MCM2-7 on DNA
(pre-RC)

Replication licensing

system active _@:

Replication licensing
system inactive %‘

Active MCM2-7

TiBS




Replication initiation

Geminin
-

4 Licensing: pre-RC formation




Geminin and lycensing regulation




Clasters of replication

Replication foci

Origin
clusters

Origins



Progression through G2 to mitosis

G2

Cdc25A
Cdc258
Cdec2oC

cyclin B<_ Cdk1




Progression through G2 to mitosis

Mitotic entry
cytoplasm - nueleus
Ulljab centrosome |

cyclin B<. Cdk1

Cdc2hA
GCaec?58 '
Cde?s50



Progression through G2 to mitosis
G2-M DNA Damage Checkpoint

Chk1 = Chk2 38




Scaffolding subunits

Catalytic and substrate-
binding module



Integration of signaling
pathways in
cell cycle control



Ras connection to cell cycle
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Proliferative stimuli

Serum

Growth factors, some cytokines

Some GPCR ligands (especially LPA)
Cell-matrix adhesion

Steroid hormones



Proliferative pathways

GF receptors

Non-receptor tyrosine kinases

Ras

ERK, sometimes

INK, SRF, AP-1 (c-jun, c-fos) transcription factors
PI-3 kinase

Moderate ROS

PKC (various 1soforms), often Ca

PKA (not always)

Integrins

Actin membrane targeting and polymerisation stimulators

Rho family GTPases
c-myc, E2F
B-catenin, STAT3, STATS




Anti-proliferative stimuli

Proliferative signals (serum, GF, adhesion etc) withdrawal
Cell-cell adhesion

TGFp (not always)

Some cytokines (interferons), sometimes GFs

DNA damage, telomere shortening

Hyperosmolarity, UV, pro- or antioxidants, heat shock
Some GPCR ligands

Inhibitors of DNA or dNTP synthesis

Tubulin-reactive drugs
Oncogene activation (not always)

Tyrosine kinase inhibitors



Anti-proliferative pathways
p33
High and prolonged Ras or ERK
STAT1, STAT2
Smad2, 3, 4
GSK3[3
PKA (sometimes), PKC o
JINK, p38

Telomere shortening

Bcl-2



Cell cycle dependent p53 induction
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Cell senescence



Cell senescence




Cell senescence inducers
CoURE N dﬁ telomere uncapping

DNA damage

oxidative stress

oncogene activity

lack of nutrients/
growth factors

improper cell contacts

others

icellular senescence



Telomere signal

CL— Canonical telomere repeats

T-loop

EEER  Non-canonical repeat region

44— To centromere
e

Telomere (TTAGGG),

A few de-protected short telomeres form associations with each other
producing DNA damage signals and M1 replicative senescence

] [  —
= ; iy 1
————
————————————— 1

In the absence of cell cycle checkpoints (e.g.
p53 and pRB) DNA damage signals due to
transient associations are ignored and cells

divide at normal rates
][ | |
11 |

Telomeres continue to shorten leading to end
fusions, M2 growth arrest/apoptosis

Dicentric chromosome

l Fusion-bridge-breakage cycles
(non-reciprocal translocations formed)

Telomerase activation
Telomere homeostasis




Signaling to senescence
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Replicative (telomere-dependent) senescence

telomere DNA damage oxidative stress
uncapping

X _
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(A) senescence




Premature (accelerated, stress- and
oncogene-induced, telomere-independent)
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Cell cycle and apoptosis



Bcl-2

Proliferation and apoptosis
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Non-apoptotic functions of apoptotic proteins

FasL
Fas

v

Function in normal metabolism

o T cell proliferation

» Cell cycle control
» Placental trophoblast differentiation

Bcl2 family

» Axonal growth (Bcl-2)

« T cell proliferation, cell cycle control ?
(Bcl-2, Mcl-1, Bax)

« ER Ca?* release (Bcl-2, Bax, Bak)

proteins

, I ———
Mitochondria AlF

* Embryonic cavitation
» Oxidoreductase function
« Antioxidant function

&Y

\ EndoG -

« Early embryogenesis
‘e Mitochondrial replication

Omi/HirA2 - - — -

» Mitochondrial homeostasis
» Degeneration of striatal neurons

Cytochrome ¢ s ey R—

« Mitochondrial respiration

| Sperm cell differentiation
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Caspase-3 _~ _

Apoptosis

A

« Cell differentiation: erythroblasts,
keratinocytes, lens cells, skeletal muscle,
sperm cells, monocytes, osteoblasts

« Platelet formation

B cell proliferation
» Brain development

Current Opinion in Cell Bicloav




Integration of signaling
pathways in apoptosis
control



Signal-regulated elements
of the apoptotic machinery

Bcl-2 family (Bax, Bak, Bcl-2, Mcl-1, Bel-X , Bel-X,
Bad, Bid, Puma, Noxa etc.; expression, proteasome
degradation, activation, processing, phosphorylation,
localisation)

Death receptors (TNFoaR-family) and death ligands
(expression, plasma membrane localisation, processing)

Procaspases (expression)
Caspase inhibitors (IAPs, XIAP, survivin)

MPT inducers
hsp70



Pro-apoptotic stimuli
Survival signals (serum, GF, adhesion etc) withdrawal
FasL, TRIAL, TNFa etc.

TCR, BRC
Some cytokines (interferons), sometimes GFs
DNA damage

Hyper- or hypoosmolarity, UV, pro- or antioxidants,
heat shock

Some GPCR ligands

Kinase inhibitors




Pro-apoptotic pathways
p33
p38, INK (not always), upstream kinases (MEKK)
Crk

Ras (not always)
GSK3p3

FoxO

STATI1, STAT2
PKCd

Ceramide



Anti-apoptotic stimuli

Serum

Growth factors (especially IGF-1 and insulin),
some cytokines

Cell-matrix adhesion

TNFo-family (all DD(-) receptors + some DD(+) )
CD19, CD28 etc. ligands

Some GPCR ligands

Caspase 1nhibitors



Anti-apoptotic pathways
PI-3 kinase, Akt-PKB
NF«B (not always)
ERK (not always), Raf, INK (sometimes);

RYs %not always)
Most PKC 1soforms
PKA

STAT3, STATS
hsp70, hsp90, hsp27

pzlwa
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MeToabl B HCCJEeI0BAHUM
nepeaayv CUrHajia



Everybody lies.
House M.D.

MeToabl B HCCJEeI0BAHUM
nepeaayv CUrHajia



Ho6pbiu coseT Nel

TTomMHUTE, UTO He BCe CcTaTbu U
onyb6nMUKOBAHHbIE pe3ysibTaTbl
AOCTOBEpPHHI.

OpuveHTupyuTech Ha
LUTUPOBAHUE U MHEHUe
BeAyLUX CneumanmncTos.



Kak qoka3arhb yyacTue CUrHAJIbHOU
MOJIEKYJIbI B KJIETOYHOM Ipolecce
B OTBET HA CTUMY.I

?
PesyabTar
MoJiekyia- .
Crumyia—— —— (KJICTOYHBIN
KaHIUIaT
[poIece)

N3BECTHO, YTO JAHHBIU CTUMYJI IIPUBOJUT K
JTAHHOMY pe3ynbrary. HyKHO BBIICHUTH, YYACTBYET
JI4 B TIEpe/laye CUrHaia OT CTUMYJIa Ha PE3YyJIbTar
MOJICKYJIa-KaHIUJIaT, 1 HACKOJIbKO OHA HEOOXOAMMA.



1) CurnanpHast MOJICKYyJIa AKTHBUPYeTCsl (Ie3aKTUBUpYETCS )/
HaKamiMBaeTCs(yMEHbIIAETCS B KOJIUYECTBE)/

MEHSIET JTOKAIU3AlMI0 B OTBET HA JAHHBIH CTUMY.JI

(majmee paccMaTpuBaeM TOJbKO aKTHUBALIMIO)

2) UHruOupoBaHve aKTUBHOCTH/AKTHBALIMU JAHHOW MOJIEKYJIbI
(MHTHOUTOPBI CAMOM MOJIEKYJIBI MJTH BBIIIECTOSAIIMX MOJIEKYII,
uHruoupyromue anturena, SIRNA/shRNA, HokayT o JaHHOMY
TCHY) MPENnsATCTBYET OTBETY HA TAHHBIA CTUMY.I.

2a) B ujaeaJsie Tpedyercs NpoBeCcTH PEAKTUBALUIO/00PATHYIO
TPaHCPEeKIUIO

3) AKTUBaANMA JAHHOW MOJIEKYJIBI (TP ACUCTBUM JPYTOro
CTUMYJ1a/MCKYCCTBEHHOI'0 aKTUBATOPa/OBEPIKCIPECCUN/
AKCIIPECCUN KOHCTUTYTUBHO-aKTUBHON ()OPMbI) BHI3HIBAET
TpedyeMbIi OTBET.

3a) B ujeasne Xopolno JOMOIHUTEILHO 3aMHTMOMPOBATh ATy
AKTUBALIMIO/HAKOIIJICHUE



Pe3yabTar
Crumyn——  (kieTouHblii

\ [poIecc)

MoJiekyia-
KAaHIUIaT

PesyabTar
Crumyun ~ (KJIeTOYHBbIU
MoJiekyjia- HpoIecc)
KaHIUIaT




Ho6pbin coseT Ne2

TTpumeHanTe KoMnsieKcHbIe
noaxoabl (MHrMbuposaHue +
aHAsIU3 aKTUBALUU + AKTUBALMSA).



MeToanl in vitro 1 in vivo

-MccnenoBanue MOJIEKYI

-UccnenoBanue
M30JIMPOBAHHBIX OpPraHelll
WJI X JIU3aTOB

-MccnenoBanue KIETOK WA
JIN3aTOB KJIETOK

-MccnenoBanus Ha opraHax
1 OpraHu3Max



Ho6pbin coseT Ne3

Mcnonb3yuTe pasHbie 06beKTbl
(Hanpumep, nposepauTe
pe3ynbTaThl HA APYTUX KNEeTOUYHBIX
NUHUAX)

[Ona xopoweun nybnukaumm
HeobxoauMbL UCCNeAOoOBAHUSA Ha
PA3HbLIX YPOBHAX



MeTOI[I)I NMHTCI'PAJBHDBIC HJIN ITOKJICTOYHBLIC

-MHTerpanbHbie METOABI OOBIYHO IOCTOBEPHEE
(OCOOEHHO €CJIM OIPEACIICTCS MOJI. Macca IpH
MMMYHOJOTHYECKUX METO/IaX) U JIerdye
OL()POBBIBAIOTCS

-ITokeTouHbIEe METOABI JAIOT HHPOPMALIMIO O
pa3IM4YMM KJICTOK B HOIYJISIINT



MAP kinase activation (%)
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Ho6bpbin coseT Ne4

TTpmeHaUTe NoKMeTouYHbIe
MeToAbI B AONOSNHEeHue K
MHTErpanbHbIMU



OOparHbIe CBA3H, OTBET «BCE UM HUYEr0» M OCHUJLISIIUH
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Ho6puin coset Neb

Nccnepywte pasHble BpemMeHHbIe
TOUKU (AUHAMUKY OTBeTq).

TTo BO3MOXHOCTU NpumeHauTe
MeTOoAbl, No3sonarowme
HabroAAaTb 3a XUBOWU KNEeTKOW



Ucnonb30BaHHe HHTHOMTOPHBIX CTPaTeruu

-HuzkoMoseKkymsipHble HHTHOUTOPHBI (HAITpUMED,
KWHA3 WM OPOTEa3)

-IHrnOupyrommue aHTuTena

-DNA decoys (naruoupoBanue JIHK-cBs3pIBaHM)

-JIOMMHAHTHO-HETaTUBHBIE (POPMBI (ITOMHHUTH, YTO
MMEHHO MHIHOupyeTcs!)

-siRNA/shRNA

-HokayTHbIE MM YCIIOBHO-HOKAYTHBIC )KUBOTHBIE,
KJICTKHA U3 HUX

-HokayTbl/TEHOMHBIE MyTaIllM COMAaTHYECKHUX
KJICTOK, BKJIIO4asi MyTaliy CauTOB IPOMOTOPOB —
MPAKTUYECKHU HE TIPUMEHSETCS




Ho6pbin coseT Neb

Ncnonb3ymuTte cospemeHHblIe
cneumpuUyHbIe UHIMOUTOPLI B
PA3yYMHBIX KOHLIeHTpaumax.

TTposepaniTe HepoACTBEHHBIM
MHIMOUTOPOM UK
anNbTepHATUBHLIM NOAXOAOM.



The selectivity of protein kinase inhibitors: a further
update.

Bain J, Plater L, Elliott M, Shpiro N, Hastie CJ,
McLauchlan H, Klevernic I, Arthur JS, Aless1t DR,
Cohen P.

Biochem J. 2007 Dec 15;408(3):297-315.



BBenenue 0eJIKOB B KJIIETKY

-MuUKpOnHBEKITMA

-Ilepmeabunmzanus CTPENTOIU3UMHOM 1 MPOYHE
METOABI TPaHC(EKIMK OCIIKa

-Bpemennas (transient) tpancdexums JJTHK

-Ilocrosinnas (stable) Tpanchexumsa JTHK

-«Perynupyemasi» TpaHcheKius




Ho6bpbin coset Ne7

TTomHUTe 06 apTemakTax,
CBA3AHHBIX C YPOBHEM
MHIMBUPOBAHUSA UNU SKCNPEeCCUn.

TTomHUTe 06 orpaHUYeHUax
NOCTOSHHOU U BpeMeHHOU
TPAHCMEKLUU.



UcciieqoBanue 3KCIpPecCum

-RT-PCR (B ToM uncine real time)
-UDA nnu nor-0J10T
-BecrepH-0i10T

-IIpoTrounas nuTomMeTpus
-MmmyHODIIyopecueHIys



Ho6pbin coseT Ne8

TTo BO3MOXHOCTU NOSIb3yUTeChH
COBpeMeHHbIMU
BLICOKOMPOU3BOAUTESTbHBIMU METOAAMM.

Mcnonb3ynte BO3MOXHOCTU FrEHOMUKU U
NPOTEOMUKMU, 6a3bI AAHHBIX, MACCUBLI
KOHK, aHTUTeNn u manbix monekyn, macc-
CNEeKTPOMETPU0, MHOrONyHOYHbIE
NAATbI, KOMMbFOTEPHYHO 06paboTKYy.



Ho6pbin coseT Ne9

TToMHUTE, UTO He BCce meToAbl
AOCTOBepHbI, a aHTUTenNa,
cybCcTpaThbl, MUHMIMOUTOPSI
CNeLUnUPUUHBL.

OpuveHTupyuTech Ha
COBpeMeHHOe MHeHUe BeayLUmX
cneumanmucToB Unu nposepsamuTe
Camum.



UccaenoBaHue BTOPUYHBIX MOAU(PUKAITUN
(bochopuiupoBanue)

-®ochoaMUHOKHUCIIOTHBIN aHAJIU3, aHAJIA3
coaep:kaHus ochopa, aHaJIN3 BKIIFOUCHUS
pPaJuOaKTUBHOTO (pocopa — IIOUYTH HE MPUMEHSIETCS
-Macc-cnekTpoMeTpus BBICOKOTO pa3peiicHUs
MeTo/ibl ¢ HCTIOIb30BaHuEM (Pochocnenru@uuecKux
AHTUTEI

-UDA nnm nor-0J10T

-BecrepH-0i10T

-[IpoTrouHas muroMeTpus

-MmmyHODIIyopecueHIus

-MIMMyHOnpenunuTanus Ha OSJIOK U IOCIIe YOI

MMMYHOOJIOT aHTUTEIaMU K (h)OCPOAMHMHOKHUCIIOTE




HUccaenoBanme JIoOKAJIU3 AN

-ImMmyHODIIyopecLieHIUS
-Meuenbie Oenku nian GFP-fusion
-CyOKJIeTOUHOE (PPaKIIMOHUPOBAHUE



NcciienoBanue B3auMoaecTBUSA 0€JIKOB

-O0Opa3oBaHME KOMILIEKCOB In VItro
-Konokanuzanuss Ha UMMYHO(DIYOpPECICHIIUN
(HECTPOTO)

-FRET(FREP) meuenbix 0eakoB uinn GFP-fusion
-Ko-uMmyHonpenunuTanms



HUcciaenoBaHue aKTUBHOCTH (pepMEeHTA
(KMHAa3bI)

-In vitro kMHa3HBIN 3ccer (PaaNOAKTUBHBIN WU
HEPaJIMOAKTUBHBIN )
-In gel kuHA3HBINM ccer (3uMorpadus)



UccaenoBaHue TPAHCKPUNMIITHOHHBIX
(pakTOpOB

-JIokanmmzanus (Crm1 s shuttling)
-EMSA (DNA-binding)
-UmmyHonpenunuranus xpomaruHa (ChlP)

-FISH
-PeroprepHbie KOHCTPYKIIUH




Ho6pbin coset NelO

Mcnonb3yuTte aaekeatHblIe
CTATUCTUYECKUE MeTOAbI



[ man C. Meanko-0noiornueckast CTaTUCTUKA.
M.: Ilpakrtuka, - 1998.



Ho6pbin coset Nell

CTpemutecb K COBMeCTHOU
paboTe (co-laboration)



Ho6pbin coset Nel?2

MexayHapoaHbIe KOHpepeHUUn
— He3ameHUMas BO3MOXHOCTb
NONYYUTb AKTYasIbHbIE 3HAHUA U
NO3HAKOMUTLCS C MOSIE3HBIMU
NHOAbMU.



Ho6pbin coseT Nel3

N3yuanTe HayKy nSaHMpOBAThH
3KCMNepuMeHTbI (TaKTUKA)

N3yuamTe nckyccTeo
NAAGHUPOBATHL HaNpABeHUs
paboTbl (cTpaterus)



Yaauulll



Molecular Biology of the Cell

5t edition.
15. Cell Communication + other chapters

Signal Transduction



Biochemistry of Signal Transduction and Regulation

Handbook of Cell Signaling



