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KneTouHbIM LMK M ero
perynsiyms



KneTouHbIy LMK

J;neTO‘-IHbIﬁ LIMKJIT = XKM3HEHHbIV UUKN KNeTKU oT
AerneHuns oo crnepylowero gefieHus UM cMepTu.

nerieHue .
M uHTepchasy - NPOMEXYTOK MeXAY AENEHNAMN.

»~

AB/IIETCS OCHOBOM HopMaan LA
Pa3BUTUSA M CYLLECTBOBaHUS
MHOrOKJ/1IETOYHOI0 OpraHn3Ma.




= KneTka He cMOXeT
pPa3aennTbca A0 TEX Nop
NOKa He MPOU30OUAET: €
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B cpase G, npoucxoaut poct
KJTIETKU U NOAroTOBKa XpPOMOCOM
ﬂi Ansa pensiukauum;

B S-thase — cuHTe3 (pennukauus)
OHK n ueHTpnonen;

B ¢ase G, — nogrotoBka K
AeneHunto;

B cdaze M — komnaktusauma JHK
M ee TOYHOe AerneHue Ha 2 YacTu.

Koroa knetka HaxoaunTcs B
noobou cTagaumn KrnetoyHoro
LMKNa 3a UCKITIOYeHUeM MUTO3a,
TO OHa HaXxoAMUTCSH B CTaaumn
UHTepdgasbl.




da3bl KJIETOYHOIo UMKna

M-cha3a
MuTo3; PasaeneHne XpoMOCoOM; G,-thasa
CuHte3 PHK 1

D,eneHFe KIeTKW

G,-¢pasa
[MoaroToBKa K
MUTO3Y

S-chaza
Pennukauus
OHK;

CWHTE3 MMCTOHOB;
ObpasoBaHue
LIEHTPOCOMbI;
YnBoeHue
XPOMOCOM

0enKkoB, POCT KNeTKM

G,-thasa
KneTku He
aensTcs



da3a GO

B ¢aze G, ki1eTkn
npedbLIBAIOT B
COCTOSIHUHU TOKOS U
aupdepeHupyrOTCH.
JTa (as3a ABJIAeTCA
o0parumMomu.




NMpoaoMKUTENIBHOCTb KJIETOYHOIo UMKia

Knetku yenoseka B KyJibType : .

= 8 - 12 4. (BbICOKUI YPOBEHb
cuHTe3a PHK n 6enkos) .

S =6 - 8 u. (cuHTes [JHK)

G,=2-4 4. (yMEHbLUEHHbIN CUHTES
benkos)

M =1 4. (cuHTe3 PHK oTtcyTcTByerT)

B cpeaHem npoaormKUTenbHOCTb
KNMEeTO4YHOro uukKna cocrtaBngaeT 24 u.

24 4yaca

Pasnuuns B 4nNTENbLHOCTU KNETOYHOIO
LUMKIa Mexay TKaHAMU onpenensaoTcd B
OCHOBHOM AnuHown a3kl G, . HekoTopble

KIETKU OENATCA OYEHb MEANEHHO,
octaBasicb B G -hase MHOTMe AHU Uin
Oaxke roabl.




TOoYyKa pecTpuKuum

—

Touka
pecTpukuum

Mo okoHYaHuu G1 KneTku
nepexkso4YaroTc Ha aBTOHOMHYIO
nporpaMmy perynsauuu. Bce
¢pun3nonornueckme 3ageprxkm u
OCTAHOBKM LMKJ1a NpoucxoanT B pase
G1. Tonbko NoBpexxaeHne Kakon nméo
KJIETOYHOM CTPYKTYpPbl MOXXET
OCTAaHOBUTb LUK B Apyrux gasax.
KpuTyeCKMM NyHKTOM KJ/1IETOYHOro
LHMK/1a ABNISIETCA TOUYKa PecTpuKLMM B
KOHLe dpa3bl G1. UMeHHO 3a€ecb
KJlIeTKa "npMHUMaeT pewieHme"
nepexoauTb B hasy S unm yrayburbcs
B COCTOsiHUe nokos. Knetku,
n3pacxogoBaBLUME CBOM
nponndepaTMBHbLIA NOTEHLUMA,
ocTtaHaB/uBaroTcAa B G1 u3-3a yTpartbl
CNOCO6GHOCTHN NepexoaAuTb TOUKY
pPecTpuKLunMn.



M-da3a nogpasaensiercs Ha WeCTb CTaaun

UHTepdasa MpomeTadrasa

dopmupytoLeecs
BEpPeTEHO

LleHTpocombl

AnepHast membpaHa
Anpo AnpbILLKO

KNHEeTOXOpHbIEe

e S

kb

AnepHast membpaHa

MeTtadasa

OkBaTopuarbHas [louepHue
MMNOCKOCTb XPOMOCOMbI




dopmupytoLLeecs lpomerachasa

____ BepeTeHo

LleHTpOsQMb!
AnepHast membpaHa

KNHEeTOXOpHbIEe
\MMKpOpr OYKM

[lepnoa, BO BpeMSA KOTOPOro
NPOUNCXOAAT CNNOXHbIE NPUrOTOBIEHUSA K MUTO3Y
(G1-5-G2)




Craaun Mmuto3a

LleHTpocombl
Anpo Anpsl

KNHEeTOXOpHbIEe
\MMKpOpr OYKM

XpOMaTUH KOHAEHCUPYETCS B OTYETNIMBO BUAUMbIE
XPOMOCOMbI. Ka)kgasi XpOMOCOMa COCTOUT U3 ABYX
CECTPUHCKUX XpoMaTna. B KoHue npodasbl
LumMTONIa3MaTUYeckmne MMKpOTpyboUKn, COCTaBnsitoLWmMe 4YacTb
MHTEepda3HOro UMTOCKeNeTa, pacnagaroTcs U HAUMHAETCS
obpa3oBaHMe BepeTeHa - MaBHOro KOMMOHEHTa
MUTOTUYECKOro anmnaparta. C6opka BepeTeHa NponcxoanT

BHayasne BHe aapa.
——————




Craaun Mmuto3a
I

LleHTpocombl
AnepHast membpaHa

Anpo AnpbILLKO

KNHEeTOXOpHbIEe
\MMKpOpr OYKM

HaumHaeTcs ¢ 6bicTporo pacnaga saaepHou obonovkum. Ha
KaXk10M LieHTpoMepe 06pa3ytoTcs KUNHETOXOPbI, KOTOPbIE
NPUKPEnNATCA K KNHETOXOPHbIM MUKPOTPYHOUKaM.
OcTanbHble MUKPOTPYOOUKN BEpETEHA Ha3bIBAOTCS
MONIOCHBLIMKN, a NeXallne BHe BepeTeHa - acTpalibHbIMN,
KMHETOXOpHbIE MUKPOTPYOOUKM TSHYT XpOMaTUAbl B Pa3Hble
CTOPOHbI, YTO NPUBOAUT K MHTEHCUBHOMY ABWXXEHMUIO

XPOMOCOM.
N .




Craaun Mmuto3a

KNHETOXOpHbIE MUKPOTPYOOUKM MPUBOAST KaXKayto
XPOMOCOMY B 3KBaTOPWasibHYIO M/IOCKOCTb Ha NOANYTH
MeXy MontcaMm BepeTeHa. XpoOMOCOMbI 06pa3ytoT 3ecChb
MeTadasHyo NIacTUHKY, B KOTOPON OHW YAEpPXXUBAOTCS
HAaTSHKEHWEM KMHETOXOHbIX MUKPOTPYOOUEK, OTXOAALLMX OT
HUX K NPOTUBOMOJIOXHbIM MOJIIOCAM BEPETEHA.

Tenodasa

OkBaTopUarnbHas [louepHue
MMNOCKOCTb XPOMOCOMb|




Craaun Mmuto3a

3HaMeHyeTCsl BHe3arHbIM pa3aeneHneM NapHbIX KUHETOXOPOB
KaXkA0ON XpOMOCOMbI, MOC/IE YEro ABe XpoMaTuabl HAUYNHAIOT
) MeA/IEHHO PacXoAnTCs K NPOTUBOMO/IOXKHbLIM MOJHOCaM.
sAHadaza A — KWNHETOXOPHbIE MUKPOTPYOOUKK YKOPAYMBatoOTCH,
XPOMOCOMbI NPUBAMXKAIOTCA K MOAOCaM.
sAHadaza B — nponcxoauT yannmHeHne rnosnsipHbIX
MUKPOTPYOOUEK N NOIOCHI BEPETEHA eLle Aanblue
OTOABUIralOTCA APYr OT Apyra.

JKBaTOpHanbHas [oyepHue
NNOCKOCTb XPOMOCOMBb




Craaun Mmuto3a

(oT rpeu. telos — kKoHel) pasgenuelLUMecs AodyepHue XxpoMaTuabl
noaxoAsT K NOoNCaM U KMHETOXOPHbIE MUKPOTPYOOUKM
ncyesatoT. NongpHble MUKPOTPYOOUKM MPOAO/HKAIOT
YANNHATBCS. BOKPYr Kakaown rpynnbl JOMEPHUX XpoMaTua
obpa3yeTcs HoBas saepHast 060104Kka. XpoMaTuH
NEKOHAEHCUPYETCS, NOSBNSIOTCA SAPbILLKMW.

.-

JKBaTOpHanbHas [oyepHue
NNOCKOCTb XPOMOCOMBb




CokpaTnmoe KonbLo,
obpasytoLee bopo3ay AeneHus

dopMupoBaHue

CECTPUHCKMX
JIOYEPHUX KIIETOK

XpoMatunj

OcTaTo4yHoe
Tenbue

[pouecc pasaeneHns umtornasmbl. ObbIMHO HAYMHAETCA rAe-To B aHada3ze.
MeMbpaHa B 3KkBaTOpUanbHOM 06/1aCT HaUMHAET BTArMBATbLCA BHYTPb MO
HanpaB/ieHUIo0 ocu BepeTeHa. Obpa3syeTca 6opo3aa AeneHnsl, KotTopas
NOCTENEHHO YrnybnseTcs, noka He AOMAET A0 OCTAaTKOB BEPETEHA,
PacrnonoXeHHOro Mexay siapamMmu. 3ToT MOCTUK (OCTaTOYHOE TenbLe -
06nacTb nepekpbiBaHNS MUKPOTPYOOUEK) MOXKET HEKOTOPOE BpeMs
COXPaHSATbLCS, @ 3aTeM UcYe3aeT, UTO BeAEeT K NOSIHOMY pasaeneHuto
[OYEePHNX KJTETOK.
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MuUTO3

AeIeHNEe KJIETKU

» Tenogasa



MoTOopHuKa KJIETOYHOIO aeneHums

B xo4e KNeToyHoro aeneHns XxpoMatuapbl
cerpervpyroT rno 6unonsipHomMy BepeTeHy. B
Hauane kaxkxaon M-asbl MHTEpdasHbIN
umﬁnﬁamamqecmﬁ KOMIJIEKC MUKPOTPYboUek
NOCTENEeHHO ncYe3aeT u cobupaeTcsa bunonsipHoe

BEPETEHO.

IMetoTCsl BaXkHble 0COOEHHOCTUN BepeTeHa
aeneHuns, obwme ana BCex TUMNOB KNETOK 3yKapuoT.
OTO AO/MKHbI ObITb ABa NONS BepeTeHa, OT KOTOPbIX
OTXOASAT ANHaMmyeckme MT oaHOpPOAHOM
NoNSAPHOCTM (C MMHYC-KOHLI@MM Ha NoJtocax u
NJI0C-KOHLUAMN Ha 3KBaTOpe BEpPETEHaA).
XpOMOCOMbI IO/HKHbI 3aXBaTblBATLCA U
CTabunn3npoBaTbCA M/IOC-KOHLAMU
MUKPOTPYybOUeK yepe3 KMHETOXOP U NepeHOCUTLCA
B MeTada3Hyo NMIACTUHKY. ITO 06N MaH,
NO3BOJIAOLLNN XPOMOCOMaM B AaNbHENLLEM
cerpermpoBaTb B pe3y/ibTaTe nepeHoca K rnostcam
B XoAe aHada3sbl.




MukpoTpyboukmn BepereHa

GTP Takcon

(b) CybbeanHuua
/—'/%

a- TyéynuH _cte cop [ - Ty6ynuH

8 nm
N

[MpoTodunameHt {

MukpoTpyboukn (MT),
OTBETCTBEHHbIE 33
NBWXEHME XPOMOCOM B
X0[le K/TIETOYHOro AENeHuns,
NpeacTaBnsaoT cobou
nosble UMAUHAPSI,
obpa3oBaHHbIE
MoJieKyiamMm TyoynuHa.
[eTepoaAMMEPHbIN
pnnoreHeTU4YeCcKn BbICOKO
KOHCEpBATUBHbIN Henok
Ty6ynuH, cocToswmm us
[IBYX cybbeauHuu,
obnagaeT cnocobHOCTLIO
CBS3bIBaTb ABE MOJIEKY/bI
r'yaHo3nH-5'-Tpudocdarta
(rTo).



MukpoTpyboukmn BepereHa

GTP-

i Kan
i

GDP-
MUKpoO-
Tpybouka

—

B 2
Cbopka Cbopka
npoTtodunameHTa nNacTUHbI

GTP  GIP

o+ @ @8 (+)KOHeu

Ay

3 AnoHraumsa
MUKPOTPYOOUKM

[Ana nonnMepusauum
TybynuHa Heobxoanmo
npucytcteue 'O,
MoHoB Mg2+ U
yoaneHue noHos Ca2+.
[lonnmepusaums
TybynuHa c
obpa3zosaHnem MT
COMpPOBOXAAETCH
rmaponusoMm IN'Mo, no
oaHou monekyne N'Mo
Ha OAHY
NPUCOEONHEHHYIO
cybbeanHuuy.



MukpoTpy6boukm BepeteHa

“QC‘O
S —

i

YY) Hykneauus, §
MeaJSIEHHO 'maponu3

[lenonumepusauuns,
6bICTPO '

BepeTteHo aenenuns SBnsieTcs AMHaMUYECKOU CTPYKTYPOU, CBOMCTBA KOTOPOU
3aBUCAT OT NOSIMMEPU3aLUnK N AenosiIMMepu3aunmn coctasnsowmx ee MT.
BbICTPO pacTywue nnoc-KoHUbl MT MMEIOT TpexkpaTHOEe NPenMyLLECTBO B
CKOPOCTM pPOCTa MO CPaBHEHMNIO C MUHYC-KOHLAMK, YTO 06bSICHAETCA
KOH(OPMALMOHHBbIMXU OCOHBEHHOCTSIMU MOJIMMEPUIYIOLLIMXCSA CTPYKTYP.



LleHTp o6pa3oBaHna MT

T’EGHTDOM obpasoBaHus MT —
3aTPaBKOW - ABNSETCS LIEHTPUO/b, Ha
KOTOPOW MPOUCXOAMUT CTabunuaums
MUHYC-KOHL0B U Hykneaumda MT. MT
MUTOTUYECKOro BepeTeHa npebbiBaloT
B COCTOSIHMM HeobblyanHoO BbICTpOu
cbopkun n pazbopku. LieHTp
OpraHu3aumm rnoCTosAHHO NpoayuMpyeT
HoBble MT, KOTOpble HanpaBeHbI
CnyyanHbiM 06pa3oM, a UX MUHYC-
KOHLbl 3a9KOPEeHbI 1 3alULLlEeHbl OT
aenonuMmepusaunu. MT, pacTtywas 13
TaKoro LeHTpa, MOXET CTaTb
CTabunbHOM NpK YCNOBUK, YTO €€
M1IF0C-KOHEL, OKaXKeTCS1 KaKMM-nbo
06pa3oM 3aKpbITbIM
(«K3MMpOBaHHbLIM>).




Mopaenb ABYXMNOJIFOCHOIo
BepeTeHa
.

LleHTpocoma
ACTpahbele MT

——
-

[lonapHble MT

,,,,,

3Be3aa

KnHeTtoxopHble MT



Mopaenb ABYXMNOJIFOCHOIo

BepeTeHa

HoBble MT oTpacTaloT B
CNyYarHbIX HaNpaBIEHUSIX OT
ABYX LUeHTpocoM. Ux nntoc-
KOHLbl AMHAMNYECKN
HeCcTabubHbl N pe3ko
nepexoaaT OT paBHOMEPHOIo
pOCTa K BbICTPOMY YKOPOUYEHMUIO,
MNpWY KOTOPOM 4acTo
AenonuMmepusyetca sca MT.
Takum obpa3oM MT, 6epyLume
Hayasno B LEHTpe opraHu3auuu,
MOryT CTabuimanpoBaTbCs
COObITUAMK, NPONCXOAALLMMU B
LAPYruX y4acTKax K/IeTKu.



Mopaenb ABYXNOJIFOCHOIo

epeTeHa

+B



Mopaenb ABYXMNOJIFOCHOIo
BepeTeHa

+ Koraa ase MT OT NpOTMBOMOMOXHbIX LIEHTOCOM B3aMMOAEUCTBYIOT B
30HE UX nepeKkpbiBaHus, besnkn, cBsi3aHHble ¢ MT cluMBaloT UX ApYr C
APYroMm, NpuKpbIBas N CtTabnnuanpys nx nioc-KOHLbl U YMeHbLUAS
BEPOATHOCTb UX nenonmepmaumm




[n4a ycnewHoro ageneHna KieTka A0/HKHa
pennuumnpoBaTth AHK, npnyemM ToNbKO OAUH
pas.

YnakoBaTb reHeTUYeCcKyto MHMOPMaLIUIO U
pasfennTb ee NOopPoBHY NO AOYEPHUM
KS1eTKaM.

YaBoeHue HK u cerperaumsa XpomMocoMm
Da3feneHbl BO BpeMEHN — XXU3Hb KJ1ETKM
noapa3aensieTcs Ha CtaguMn: NoAroToBKa K
ennvkaunm (G1), cuHtes AHK (S),
noarotoBka K Mutosy (G2) n muto3s (M).

OcHOBHas CTpaTerms pasrpaHMYeHns CTaanumn KIETOYHOro
LIMK/1a — NOCTPOeHne MHrMbmnTopHbIX 6apbepoB, KOTOPbIE
HeobxoaAMMO NpeoaoneTb ANs Nepexoaa B creayowyto dasy.
MexaHn3M CTUMYNSLUUN N pernaMeHTauun nepexoaa KNeTku K
pa3HbIM dasam umkna n coctasnset cucremy PEFYNIALNN
KJIETOYHOIO LMKIIA.



MCTOPMSI U3ydyeHumsa KJIeTOHHOro uymksia

‘|L DKCNepUMEHTbI, NPoBeAeHHblE B Havane 1970-x nokasanu, 4to suua
B3POC/IbIX NsAryliek Xenopus laevis nponssBoasaT ¢hakTop, KOTOPbIN

Oyay4un BBEAEHHbLIM B HE3pesible 00UUTbI, Haxoaswmecs B G2 dase,
3arnycKkaeT B HUX MeNo3, TaknuM 0bpa3om rotoBs Mx Ans
onnoaoTBopeHus. ®aktopy aanu nmsa maturation-promoting factor,
nnn MPF. DKCTpaKTbl U3 MHOMMX KJIETOK - OT APOXOKEN 10 YENOBEKa -
nMenn MPF aKTMBHOCTb, HO OHa NpPOABNANACb HE Ha BCEX CTAAUAX
KJIETOYHOIro LKA, KCTPaKThl U3 KeTok B G1 n S da3ze He
copepxanu MPF. OgHako koraa knetka npubnmxanacb K MUTO3Y,
aKTUBHOCTb MOSABMANACh, a NOC/Me AeNeHNS pe3Ko ncyesana.




NcTopua nayueHmsa KJIETOYHOro LuK/a

= BTOpbIM HanpaBneHMeM nccnenoBaHnin 6blna reHETUKA APOXOKEN C
Pa3INYHbIMU MyTaLMAMU, U3MEHSOLLMMN HOPMAJIbHOE TEYEHME
~|—KneT0L|Horo LUMKna. bbino BblAENEHO MHOXECTBO MYTaHTHbIX
LUTaMMOB C HapPYLLUEHHbIM KNTETOYHbIM LINK/IOM.

cdc24

-=% | [louxkoBamme—
cdc28 AM
h A Cunres

\ THK —_ |  cfdc20
CTapT ‘| DopMUPOBAHLE ---» Muro3s

cdc31l BepeTeHa




NcTopua nayueHmsa KJIETOYHOro LuK/a

= BTOpbIM HanpaBneHneM nccnenoBaHnii bbina reHeTUKa APOXOKEN C
I Pa3INYHbIMU MyTaLMAMU, U3MEHSOLLMMN HOPMAJIbHOE TEYEHME

€TOYHOro UnkKna. bbio BbiAeNEeHO MHOXECTBO MYTAHTHbIX

LWTaMMOB C HapYWEHHbIM KJIETOYHbIM LIMKJIOM.

cdc24
-=% | [louxkoBamme—
cdc7
i Cunres
JHK —_

\- ~ | P a i W o ey

OcTaHoBKa B
cocTtosiHun G1
B TOYKe
cTapTta

O

cdc20
- Murto3




NcTopua nayueHmsa KJIETOYHOro LuK/a

« BTOpbIM HanpaeneHneM mccneaoBaHu bbina reHeTMKa APOXOKEN C
paBJ'IVI‘-IHbIMVI MyTameMM M3MEHSIIOLLMMM HOPMasibHOE TeYeHne

! SLL00 BblAEIEHO MHOXECTBO MYTaHTHbIX
€TOYHbIM LINK/IOM.

penInuUMpoBaHa,
noyka
C(OOpMUPOBaAHa,
[1TB He yaBoeHO IToukoBaTme—

Cunres cde3
JHK —_ | cfdc20 —-# Linfokunnes
=== Murto3
. DOpMHPOBAHHE -
BepeTeHa




NcTopua nayueHmsa KJIETOYHOro LuK/a

« BTOpbIM HanpaeneHneM mccneaoBaHu bbina reHeTMKa APOXOKEN C

€TOYHOro UnkKna. bbio BbiAeNEeHO MHOXECTBO MYTAHTHbIX

| pa3/iMtvyHbIMN MYyTaundMn, USMEHAOLLMMN HOPMaAJIbHOE TEYEHUE

LITaMMOB C HAPYLWEHHbLIM KNETOYHbIM LUNKJIOM.

cd928

cdc24

IHoukoBamme—

‘ dc8| CnHTe3

(I)Opan R
BepeTeHa

PENNLNPOBaHA,

no4Ka
cdopMUpOBaHa,
[1TB yaBoeHo




NcTopua nayueHmsa KJIETOYHOro LuK/a

« BTOpbIM HanpaeneHneM mccneaoBaHu bbina reHeTMKa APOXOKEN C
pas3NINYHbIMM MyTaLMSIMU, U3SMEHSIIOLLMMN HOPMAJIbHOE TEYEHME
€TOYHOro LMK/a. bbino BbliAENEHO MHOXECTBO MYTaHTHbIX

LUTAMMOB C HapPYLUEHHbIM KNETOYHbIM LINKIIOM.

IHoukoBamme—

N
cdc8
s HTE3
\ I —

cd928

h N

AHK pennuuupoBaHa,
Nno4yka He
obpas3oBanace,

[1TB yaBoeHo

-~ DopmupoBa
BepeTeHa
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NcTopua nayueHmsa KJIETOYHOro LuK/a

/.'
<

/7// i

» OpHa n3 mytaumn, cdc2 (cell division cycle), 6bbina

obHapy)xeHa B Havane 1980-x Paul Nurse. NpoayKkT reHa
cdc2 vrpaeTt BaXkHYO posib B paboTe MOoeKysipHoOro
arnnapaTa KNeTo4yHoro unkna. Tenepb U3BECTHO, YTO 3TO
MPOTEMH KMHa3a C MOJIEKYNSIPHBIM BECOM 34000u OueHb
61M3Kas K Hen NpoTeMHKNHA3a, ABNSIOLAACS
npoaykTom reHa CDC28, ¢ aHanorm4yHon pyHKUnen
6bina obHapyxeHa Lee Hartwell Y MOYKYHOLLNXCS

ApOXOKeN S. cerevisiae. 3TW KMHa3bl 0603HaYaOTCA
BMecCTe Kak p34. B panbHENLWEM OHU U UX TOMOSIONN,
BblZIE/IEHHbIE U3 ApYruX OpraHU3MoB Obl/In Ha3BaHbI Cdk
(Cyclin dependent kinase), To eCTb LMK/INH-
3aBMCUMbIMN KMHA3aMW.



OTHOCUTENbHad
KOHLIEHTpaLmS

NcTopua nayueHmsa KJIETOYHOro LuK/a

A B 1983 rogy Tim Hunt n3y4an KOHTponb 6e1KoBOro
+CMHTe3a B AlLl@X MOPCKOro exa 1 0B6HapyXus, 4To
yepe3 10 MMHYT nocne onnoAoTBOPEHNS NOSIBUIICS
HOBbIM 6en10K. Benok NosBAANCa n ncyesan C KaxabiM
KNETOYHbIM AeNEHNEM, U3-3a YEro ero Ha3easnu
LIMKNNHOM. [oabEMbI M cnaabl YPOBHS LMKAMHA 6binn
COrflacoBaHbl C KOHLUEHTpaumen MPF.




NcTopua nayueHmsa KJIETOYHOro LuK/a

BoigeneHne n ouniieHne MPF 66110 o4eHb gonrnm npoueccoM. B 1988 roay 6bino
obHapy>xeHo, 4To MPF cocTtouT n3 AByX 6e5KoB C MONEKYNsapHbLIMM Maccamu

34 n 450004. AHanun3 nepBoro 6enka C NOMOLLbIO aHTUTEN K P34 APOXOKEN
NoKa3anu, YTo 3TO OAMHaKoBble 6enkun. JanbHenwas pabota nokasana, yuTto
BTOPOW KOMMOHEHT MPF - LUMKIWH.

B 2001 roay Paul Nurse, Tim Hunt n Lee Hartwell 3a cBon peBontoLMOHHbIE
NCCNeaoBaHns perynsaumm KNeToyHoro uukia nonyymnnmn Hobenesckyto npeMumto
no GuU3nonorum u MmeamumuHe.

Paul Nurse Tim Hunt Leland Hartwell



LIMK/IMHBbI U UUKJZIMH-3aBUCUMbIE KMHa3bl

s LmknunH 3aBucnMblie kKMHa3bl (Cdk) - 3TO KNeTo4vHble
MalLLMHbI, KOTOPbIE 3anyCcKatoT COObITUS KITETOYHOIo
LIMKS1a U SBSIOTCA CBOe0obpa3HbIMM YacaMu 3TUX
cobbiTnn. Kpome Toro, oHM BbIMOAHAT MYHKLMIO
MH(POPMALMOHHBIX MPOLECCOPOB, KOTOPhLIE
NHTErpupyroT BHEKNETOYHbIE U BHYTPUKNETOUHbLIE
CUrHasnbl ANs TOHKOWM KOOpAMHaLUUK cobbiTui
KneTo4yHoro umkna. M3yyeHne Cdk HeobxoamMmo ans
NOHMMaHNA PYHAAMEHTANbHbLIX MEXaHU3MOB
KOHTPO/1S K/TIETOYHOro LunKna.



Perynauusa aktuBHoctu Cdk

s LnknmH 3aBucumble knHasbl (Cdk) — 3To cemenctBo AT®-3aBUCUMbIX
MPOTENHKMHA3, CXOXNX Mexay cObon no CTpyKType n DyHKLUUN.
[NaBHas CTPYKTYpHast OCOBEHHOCTb — Ha/IMYME ONpPEAENEHHbIX

‘l\‘rperIFITCTBVIVI, He no3sonsowmx Cdk cBA3bIBaTb CybCcTpaThl B
aKTUBHOM LIEHTpEe 6€3 aKTMBATOPHOMU CyObeanHULbI — LIMKINHA.

= B rerepoanmepHou (cocTosiien U3 2 pasHbix CybbeanHuL) }
NPOTENHKMHA3E LIMKIIMH ABNAETCA PErYNSATOPHOM CyObeaMHULIEN, @
Cdk (uMKNMH-3aBMCUMAs! KMHA3a) — KaTaJIMTU4eckon cybbeanHuLen.

Cdk

HEaKTVBHas SH3MATUYECKU-
Cdk AKTUBHbIN
aKTMBHaS KOMIMJIEeKC.

AkTnHasa Cdk
NMEET U3MEHEHHYIO
KOH(OpMaLuto rno
CPaBHEHMUIO C
HEeaKTUBHOM

+||

[MpucoegnHeHue K
annoCTEPUYECKOMY CanTy




AxTBHOCTb LUnknuH-Cdk koMnsiekcoB KN1eTOK M/IEeKONUTaloLWmuX B
XOAe KJI€TOUHOr0 UMK/Ia KY/IbTUBMPOBAHHbBIX G, -KJ1ETOK,
CTUMY/IMPOBAHHbIX K Aie/IeHUI0 pOCTOBbIMU (hbaKTOpaMM

Cyclin A-CDKT1
Cyclin B-CDK1

Cyclin D-CDK4
Cyclin D-CDK6
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Cyclin A-CDK2

Cyclin E-CDKZ2




Cnocobbl perynauum cogepaHva n
akTuBHoctu Cdk

+1. Perynaumns cnHtesa cammx Cdk.

« He Bce Cdk oagHOBpeMeHHO
anCYTCTBymT B KJ1eéTKe Ha Cyclin A-CDK1

Cyclin B-CDK1
Pa3HbIX CTaAUNSX ee LUuKIa.
Ba)kHbIM MOMEHTOM SAIBSIETCS O e e
aKTUBaLUS reHa TOW U UHOWU | \\c¥etin D-cOKS
Cdk. .

G1 “l‘ /

Hanpumep, koMnnekcol G1
nepuoaa (LmknnH D-Cdk4/6 wn
unknuH E-Cdk2) 3anyckatoT
TPaHCKPUNLMIO reHa KMHa3bl Cyelin A-EDK2
Cdk1, koTopas Heobxoanma
Anst 0bpasoBaHUs KOMMNNEKCOB
G2 n M.

Cyclin E-CDK2




Cnocob6bl perynsiuMm cogep XxaHust n
akTuBHoctu Cdk

Jrz. Perynaumns aktmsHoctn Cdk.
0

a [1epBUYHbBIN MEXAHU3M AKTUBALMM -
CBSI3blBaHME C CybbeanHULEN LIMKINHA.

= AKTMBMpPYIOLLEee pochopuimpoBaHme
Cdk. Cesa3biBaHue uuknmHa A ¢ Cdk2
YBENMNUYMBAET KMHA3HYIO aKTUBHOCTb
nocneaHen Ha HECKONBbKO MOpsSiAKOB.
270 06bACHAETCH KOH(POPMALIMOHHbIMU
nameHeHmmn Cdk. docdopunmpoBaHue
Cdk Heobxoammo nuilb Ans ynyyleHus
CBSI3bIBaHWUS C 6e/IKOBbIM CybCTpaTOoM.



Cnocob6bl perynsiuMm cogep XxaHust n
akTuBHoctu Cdk

Jrz. Perynaumns aktmsHoctn Cdk.

« CBsI3blBaHME C MHIMOUTOPHOWN Cy6bEANHULIEN

AKTUBEH

Cyc A Ci_p/
Kip
Cdk 2

HeakTnBeH \ @




Cnocobbl perynauum cogepxaHus

aktTuBHoctu Cdk

jLZ' Perynaumns aktmsHoctn Cdk.

« CBsI3bIBaHME C MHIMOUTOPHOWN CcybbeamHuLen

CyuwecTtByeT ABa OCHOBHbIX cemencrsa CKi
(cyclin kinase inhibitor) Oenkos,
ocywecTBnAwwWMX UHruoumposaHne Cdk.
NpeactaButenu nepsoro cemencrtea Cip/Kip
(CDK inhibitory protein) - p21, p27 u p57,
uHrnoupyrotr Cdk2 n Cdk4/6 uumknunHoBble
KoMmnnekcbl, ocywectBnaa G1 wu G1/S
KOHTPOJb. MNMpeactaBuTenu BTOPOro
cemeuctBa INK4 (inhipitor of kinase 4) - p15,
p16, p18 wn p19, y3kocneuudpunyHol AnNA
Cdk4/6-uD komMnfekcoB M OCYLUEeCTBRAIOT
aHanorn4yHble pyHKLUUMN.
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NMHrmbupoBsaHue aktuBHoctun Cdk

Kak cnepayet u3
(pYHKLMOHaNbHbIX 0CO6EeHHOCTEeN
CKI, ux akTMBaLua NpoucxoauT,

4

Koraa gaZibHeuliee npoaosnKkeHme
KJIETOYHOro LuK/a

HexxenartenbHo. HanpumMmep,

JINLLEHUE KJIETOK NUTaTesIbHbIX

BeLlecTB NMpUBOAMT K
yBeJINYEeHUIO YPOBHA p27, a
BHEKJ1€TOUYHbIA MHFrMGUTOpP pocTa
TGF- Bbi3blBaeT yBesiInyeHue
ypoBHS p15. NoBpexaeHunsa AHK
aKTUBUPYET TpaHCcKpunuuo p21
noa Aelicremem 6enka p53. benok
p21 cnocobeH MHriMbuposaTb
6enoxk PCNA, npuHuMaowmm
yuyacTtue B pennmkayum HK.
Takum o6pa3oM, ocyllecTBNsIeTCs
OCTAaHOBKa KJIETKMU B CBEPOUYHOM
Touke G1 cpa3bl, UTO NO3BONAET
KJ1IeTKe penapupoBaTtb
nospexaeHua AHK.

benkn INK
pl5, p16, p18, p19

% % BenKM KIP1
p21 p27, p57




Cnocob6bl perynsiuMm cogep XxaHust n
akTuBHoctu Cdk

Jrz. Perynaumns aktmsHoctn Cdk.

=  WHrnbupyrouwee pochopninpoBaHne BHOCUT BK1aZ B OTCUYET BPEMEHM
MnTo3a. [1o MuTo3a Komnekc umkmH B-Cdkl nHaktmBmMpoBaH
dochopunnpoBaHneM No TpeoHUHY-14 n TMpo3nHy-15. docdopunmpoBaHmne
OCTaTKOB Y NO3BOHO4YHbIX ocyllectengercd Mytl n Weel cootBeTcTBeHHO. K
KoHUY G2 pe3koe aedocdopunmpoBaHme 3TUX ABYX ocTaTkoB akTusupyet Cdkl u
3anyckaetT Mnto3. [ledpochopmnnmpoBaHue ocyllecTensieTcs dochaTasamm
cemencrtBa Cdc25.

Mytl
dochopunnpoBaHue Weel

&

AKTUBEH
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HeakTunBeH




Perynaumsa UMKJIMHOB

Perynaumsa UMKIMHOB OCYLLECTBNSETCS Ha
+ﬂ,BYX YPOBHSIX.

e TPAHCKPUIMLUS FEHOB
eflerpagaumna 6enka

Perynauusa TpaHCKpUNUMKU FreHOB LMKINHOB Y BbICLLUMX 3YKapUOT M3y4eHa Ha
npuMepe nepexoaa OrpaHNYUTENLHON TOYKM KINETOYHOro Lnkia. LleHTpanbHyto
pOJib B 3TOM nepexoae urpaet E2F - ¢hakTop TpaHCKpUMNLUMM HEKOTOPLIX FEHOB,
HeobxoauMbix ans cuHTe3a [JHK B S daze. OH CTUMyNUpPYeT TakXKe TPaHCKPUMLUNIO
reHOB UMKMHA A, uMKivHa E n ceoero cobCTBeHHOro rexa.
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Perynauma LUKJ/IMHOB
= TpaHCKpUnumsa reHos

B Hepenawmxcs knetkax u knetkax G1 ¢a3sbl 6enok pRb Haxoaucs B
HE@%@ODW‘IMPOBaHHOM cocTosiHuK. benok pRb nHrnbupyet E2F, cBA3bIBasACH C
HUM. DAKTOPbI POCTa CTUMYIMPYIOT TpaHCKpUNumMio umkimHa D. MpouncxoguT
HakonneHne Komnnekcos UnknH D-Cdk4, koTopble HaunHAOT PochopnanpoBaThb
Rb, 4TO NpnBOANT K ero guccoumnauunm ot E2F.

HeakTuBHasa
KMHa3a
‘TIIIir’




Perynauma LUKJ/IMHOB
= TpaHCKpUnumsa reHos

@ wmmcs scneacreme atoro komnnekc Cdk2-uE, elle akTuBHee
docdopunmpyet pRb. Taknm obpasom, ceTb a(pHeEKTOB Uepes NMeTto
NONOXUTENbHON 06paTHOM CBSI3N NPUBOAMUT K BbICTPOMY BO3pacTaHuto E2F
3aBMCMMOWN TPAHCKPUNLMK 1 NEpeExXoay KIeTKM B Hayano S dasbl. Bckope nocne
3TOro B K/1eTKe noaBngaoTca komnnekcbl Cdk2-uA, koTopble pochopunumpytot E2F,
yYMeHbLLas ero cnocobHocTb cBa3biBaThCs ¢ AHK.
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OCBoFonMBLUMVlCH E2F ctumMynupyeT TpaHCKpUMNUMIO CBOEro reHa n reHa uukinHa E.
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Perynaumsa UMUKJIMHOB
= Pa3pyLueHne npoTeosiM30oM

TalmF)6pa30M KOHTPOSIMPYETCS, HanpuMep, BbIXOA U3 MUTO3a. [ecTpyKuus
MUTOTUYECKUX LIMKIMHOB Heobxoamma Ans Havana Tenodasbl 1 NoAroTOBKU K
cneaytowieMy uukny. Pacnaa KopoTKOXMBYLLMX 6enKoB SABNSieTcst YOUKBUTUH-
3aBUCMMbIM. YOoukBuTtuH (Ub) — Hebonbluon 6enok (76 am), KOTOPbI CBA3bIBAETCS C
6enkamuy, TeEM CaMbiM «METUT» UX AN pa3pyLLUEHNS B NPOTEOCOMaX.

[1pOTEOCOMBI - 3TO HENMN30COMASIbHbIE
MYNbTUKaTaIMTUYECKNE NPOTENHA3bI, OBHapy>XXeHHbIE Y
3YKApWOT, LUIMPOKO pacnpoCTPaHEHHbIE B LMTOMNA3Me.
Bosbluasa YacTb LMTO30/IbHOrO NPOTEO/IN3a OCYLLIECTBNSIETCS
MMEHHO NpoTeocomMaMu. lpoTeocoma cocTouT n3 14
cybbeanHul, NpeacTaBnsiowmMx cobon pasiMyHbie NpoTeassbl.
OHu 0bpazyoT 604KO06Pa3HY CTPYKTYPY C aKTUBHbLIMY
LeHTpaMu BHYTpWU. bonblune npoTeasHble KOMMIEKChl Mo
KpavHen Mepe u3 AeCATU pa3/IMyHbIX NONNMNENTUAOB
06pa3yoT AHO U KPbILKY Takon 6oukn. X ponb, BUAMMO,
3aKK04AETCS B TpaHcnopTe YOUKBUTUHUPOBAHHbIX 6€1KOB B
LeHTp 6ouKkn.




Perynsiuma LUMKJIMHOB - paspyLleHue NpoTE0IM30M

Onsa npucoeanHeHns Ub k 6enky-MuiieHn TpebytoTcs Tpu hepMeHTa.

‘ —NH,
e YOUKBUTMH-aKTUBMPYLOWMN pepMeHT (E1) LInTo30mLHbIi

npoTenH-MnLLIEHb

- ®opmupyeT no C-koHuy Ub TMoadupHyto
CBSI3b

o YOUKBUTUH-KOHBIOrMpyrowmn pepmeHt (E2)
- npuHMMaeT Ub Ha cebs.

o YOnkBuTMH-nunrasa (E3)

Wam 1, 2, 3
- nepeHocuT Ub ¢ E2 Ha 6enok. i n-pa3
!
°E2 n E3 npencraBneHbl pa3nnyHbiMn hopMamum, ! @& @& &

CI'IELI,VICI:)VILIHbIMVI B OTHOLUEHUM TEX UM UHbIX BenKoB

ATP

‘ nporeocoma

o[ToMeyeHHble Lenovkamu Ub 6enku 6bICTpo pa3pyLuatoTcs B .
NpoTeocoMax

Ub/
Ub\/ -

nentTnabl



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

BAeHbl Ha KoMniekcbl G1 nepuoaa — B ocHoBHOM Cdk4/6-uD u, B
wen crenenn, Cdk2-uE. MMeHHO AaHHbIE KOMMNEKCHI 3aMyCKatoT
oYepeaHOW NPOLIECC AENEHUS KNETKM.

MpaKTMYeCKkn BCE CUrHANbHbIE MYTU, PErynupyoLLme npoandepaumo KNeTok,
M€$b




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

1. BHELIHWI cMrHan pocToBOro baktopa NpMBOAUT K aKTUBALMKW KNHA3bI,
CBSI3aHHOW C peLenToOpoM




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

2. PTO BeaeT (Yepe3 Te UM MHble NOCPEeAHNKN) K 3arnyCKy KacKaaoB
MUTOreHakTMBMpyeMbix npotenHkmnHas (MAPK)




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

3. KoHeuHble pepMeHTbl MAPK dochopunmnpytoT psa TPaHCKPUNLMOHHbBIX
akTOpPOB, aKTUBUPYIOLLMX reHbl paHHero oteeta (FOS n JUN)

) TpanckpunimoHHbIE '

(hakTopsI
TeHOB paHHETO OTBETA

reHbl OS n JUN




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

4. MpoaykTbl cemenctea FOS n JUN — 3TO TPaHCKpUNLUMOHHbIE (DaKTOPbI,
CrnguM@uyHblie B OTHOLLEHMUN FreHOB 3aMefJ/IeHHOro OTBeTa.

TpaHCKPUTIIMOHHBIC
(dhakTopsl
) TpaHCKPUMIIIMOHHBIE T'CHOB 3aME/JICHHOTO OTBETA
(hakTopsI

TCHOB paHHETO OTBETA

reHbl OS n JUN




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

5. [[eHbl 3aMeaneHHOro OTBETa, SKCMPECCUPYSACh 3aMyCKatOT KNETOUYHbIN LK.
Cpeaun Hux rexbl umknmnHa D, Cdk4/6, T.e. KOMNOHEHTbI KOMI/IEKCOB
cneundunydHbIX AN nepBon nonoBuHbl G1 nepuoaa.

TpaHCKPUTIIMOHHBIC
(dhakTopsl
) TpaHCKPUMIIIMOHHBIE T'CHOB 3aME/JICHHOTO OTBETA
(hakTopsI

TCHOB paHHETO OTBETA

reHbl OS n JUN

uybD Cdk4/6  Myc

p27




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lecTBMe MUTOreHoB

6. Kpome Toro cnmHtesnpyetcs 6enok Myc. OH B CBOIO o4yepealb TOPMO3NT
aKApeccnto p27, NHrIMbUTOopa LEeoro psaa UMKIMH-KMHA3HbIX KOMMJIEKCOB,
akTmBupyet reH docdartasbl Cdc25a, kotopas aedochopunmpyet Cdk4 n Cdk2.

20202020 N AKTUBHbIN
uD  Cdk4/6 KOMIMJ1EKC

Myc Cdc25a p27




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

MpuHUKMN paboTbl B KNETOYHOM LINKIIE

a) yCTpaHeHne aKTMBHOCTM KOMIM/IEKCa NpeablayLlen ctaaum,
6) ctumynauusa cobbiTUIn «CBOEN» CTaauw,
B) 0bpa3oBaHue (Mnn akTMBaLMS) KOMMIEKCOB NpeablayLlen ctaauu.



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk
[encTteme komnnekcos G1 cragum

AKTVBHbIE NPOTENHKUHA3HbIE KoMMneKcbl UunukanH D-Cdk4/6 aencrBytoT cpasy

l Ha HECKONbKO CybCTpaToB.

OcHoBHOM cybcTpaTt — 6enok N NoaobHble eMy benku 7
B pe3ynbTate dpochopunuposanus pRb TepsieT cpoacteo Kk E2F-DP, KOTOprVI
B KQY€CTBE TPAHCKPUMLUMOHHOIro akTopa akTUBUPYET LIENbIA PSA FEHOB.

Cyc D
Cdk 4/6



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk
[encTteme komnnekcos G1 cragum

-obpasosaHue
KOMMNOHEHTOB -COXpaHeHue 3TUx
KOMMNNEKCOoB KOMMOHEHTOB Ha
crneayrowmx CTaaum NpOTAXeHUU
umMKna onpepesieHHOro
BpemeHu

-O6bpasosaHue
cybcTpatos u
-aKTuBaUUIo B dpepmeHTOB,

HYXXHBLIA MOMEHT HeobxoauMbIX Ans
pennukaumm OHK




MexaHu3m gencreusa komnnekcos LlmknmH-Cdk
[lencTtBue koMniaekcoB S n G2 ctaaum

l [Ana S-nepexona xapakTepHbl KOMMNIEKChI
uA-Cdk2 n uB-Cdk2, a ana G2 - yB-Cdkl.

-

OcHoOBHag 3agaya KOMMNNeKkcoB S-nepuoaa —
obecrneunTb Takoe NpoBedeHne peninkauuu,
YTOObI KaXXablK y4acToK 1t06oM MOneKy/bl
AHK 6b151 pennMunpoBaH TONbLKO OAWH pas.

\
@

C ntobour ToUKoM Ha4vana pennmkaumm 3a
BECb K/TETOYHbIV LMK AOMKHA CBSA3ATbCS
TONbKO OAHA Napa penIMKaTUBHbIX
KOMIMJ/IEKCOB.

(s)



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[ononHuTenbHble cobbiTng S n G2 ctaanm

+

- Obpa3oBaHMe KOMMNOHEHTOB MUTO3-
ctumynupytowero daktopa (MPF).

-TopMOXXeHne aKTUBHOCTWU 3TOro
KoMmniekca — BO usbexaHue
npeXaeBpeMeHHOoro Havasna MMTo3a.
JTO OCYLLEeCTBNAETCH NyTeM
NHIrMBUTOPHOIro pochopmnInpoBaHus.




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lencTBrue MmToTUYECcKoro komniekca MPF
1. KoHaeHcauusa XxpoMocoMm |

- MPF’Tnoco6eH dopchopunmpoBaTb rMMCcToH H1.
Monekynbl ructoHa H1 cBg3aHbl C
MEXHYKNEe0COMHbIMU y4YacTkamn HK u
YYaCTBYIOT B YKNaAKE HYK/IEOCOMHOWN HUTW,
NpeAnooXNTENbHO TOJMbKO B
dochopnnMpoBaHHOM COCTOSTHUM.

Octameric histone core
10 nm

DNA
H1 histone

Nucleosome




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lencTBrue MmToTUYECcKoro komniekca MPF

2. Pacnap spepHon 060104Km

Ll,engfwocm aAepHOM 060N0YKKN NoaAEPIKMBAETCS
S,A€PHON TAMUHOW - TOHKOW CETEBUAHOMW NNACTUHKW,

KoTopast 06pa3oBaHa M3 MPOMEXYTOUYHbIX (DUTAMEHTOB U
NPUNEXUT K BHYTPEHHEN CTOPOHE SiAEHPON MEMOpaHBbI,
BbINOJTHAS (PYHKLMIO OMOPHOWN CTPYKTYPbI.

Benku namMmmnHbl UMEIOT raHTeneobpasHyto
dopmy. Monnmepunsaums NponNcxoamT
NyTeM B3aMMOAENCTBUSA INOBYIAPHbIX
[IOMEHOB.

JTaMMHOBbLIW TeTpaMep



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lencTBrue MmToTUYECcKoro komniekca MPF
+ 2. Pacnap spepHon 060104Km

MPF kaTanusunpyet
ochopmnnmpoBaHue onpeaeneHHbIX
OCTaTKOB cepuHa B 061acTu
MasIoYKOBUAHBIX YacTen (pUIaMeHTOB.
OTO CKa3bIBAETCs HA KOH(OopMaLum
CBS13bIBAOLLMX AOMEHOB. JTO
NpUBOAMUT, B CBOIO oYepeab, K TOMY,
YTO BCSl KOHCTPYKLMS pacCbinaeTcs.
MeMbpaHa, nuLeHHas 06beANHSIOLLEN
KOHCTPYKLUMN, pacnagaeTcs Ha
MWUKPOMY3bIPbKW.




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lencTBne MUTOTMYECKOro Komnnekca MPF
3. Pacnag apyrmx MeMbpaHHbIX CTPYKTYP

AHanorn4yHo pacnaay saepHou MembpaHbl
Pa3pyLLAOTCA TakK)Ke MeMbpaHb!
3HAOMNNAa3MaTUYECKOM CETU N KOMIJIEKCA
[onbaxu. bnarogapa pacnagy Ha BE3UKYIbl,
COXpaHSeTCa eauHasi CMcTeMa LUUCTEPH U
BAKYO/1EN, KOTOpas

- He MeLlaeT pPacXoXAeHMI0 XpOMOCOM,

- He rnonagaeT B byaywume sapa

- HE NPEensTCTBYET pasaefieHnt0 UMTOoMN1a3Mbl.




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

[lencTBrue MmToTUYECcKoro komniekca MPF
4. PopMmnpoBaHME BepeTeHa AeeHuns

l KaTannsaTtopom nonmMepusaummn TybynmHa ssnsetcss MPF

5. MpepynpexaeHve npexxaeBpeMeHHon LIMTOTOMUM

LiuToToMms B Tenodase
NpoNCXoauT nNyTem
0bpa3oBaHNsA aKTUHO-
MWO3NHOBOIO KosibLa. PakTop
MPF B paHHen npodase
ochopmnnupyeT nerkme uenm
MWO3MHA, YTO NNLIAET MUO3NH
CrnocobHOCTK pearnpoBaThb C
AKTUHOM.,

Myosin |

Pole




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
El,el‘/’lcmme dakTopa, obecneunsatoLlero aHadasy, - APC

APC — aBnseTcs yOUKBUTUHAMIa30Mn, cneumduyHOM B OTHOLLIEHUM paaa
6enkos, B TOM uncne MPF. lNoMmumo MPF yeunkeutuH-nurasa APC
NENCTBYET Ha MHOrmne apyrue cybcrpaTbl, NO3TOMY HEOOX0AMMA TOHKas
perynsiuus ee akTMBHOCTU 1 cneunduyHOCTW.

AN

©606

MpoTeocoma Y
[ b B:\:



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a

[encteune dakTopa, obecneumBatoLlero aHadasy - APC
+1. PacxoxaeHne CeCTpMHCKUX XpoMaTua.

AHadasza HaumnHaeTcs nocne (b)
BbICTpanBaHNA XpOMOCOM B Kinetochore MT
3KBAaTOPWasIbHOW MJI0OCKOCTU Kt
61nonsipHOro BepeTeHa U M s

3HaMEHYETCS OAHOBPEMEHHbBIM
pa3feieHNEM BCEX CECTPUHCKMUX
XpoMaTtua. 3TO pa3aeneHne :
SIBNSIETCS CKOPee pe3y/ibTaToM \ :
NOTEPU CLEMIEHNS MEXAY \\ <+ ) .
XpOMaTVaAaMM, YeM yBeNIUUEHNEM .}\ /. |pbie
TAHYLMX CU CO CTOPOHbI MOMOCOB [~ _~ (canirozomel
+)

Polar MTs Chromosome

BEpeTEeHa.

| . >
ster Spindle Aster



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
[enctBme akTopa, obecneymnBatollero aHadasy - APC

1. PacxoxxaeHne CeCTpUHCKUX XpoMaTua.

XpoMaTuabl CLEMNIEHbI MEXAY CObown
MY/IbTMOENKOBbLIMM KOMM/IEKCAMMU —
KoresmHaMmw.
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MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
ElleﬁCTBme dakTopa, obecneunsatoLlero aHadasy - APC

1. PacxoxxaeHne CeCTpUHCKUX XpoMaTua.

PasgeneHne ceCTpMHCKUX XpomaTtua
3aBMCUT OT Aerpagaunn MHrmnbmutopa,
TaK Ha3bIBAaEMOro CEeKypuHa
(securin), nocpeacTBOM YOUKBUTUH-
3aBMCMMOro nporeonn3nca. IToT
MHrMbUTOP NpeaoTBpalLaeT
NENCTBUE NpoTeasbl, Ha3BaHHOM
cenapa3ou (separase).
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MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
[lenctBme akTopa, obecneymBatoLlero aHadasy - APC

1. PacxoxxaeHne CeCTpUHCKUX XpoMaTua.

BBEoSASHUSHASSEY paspenseT ~ =~
eINRIBORRM BEMbldd MeTyT ~ ~
GRIREIAIY RASBYTEHON RS & -
YHAHTIRIM B AIRPRERCOMaX. ~ o
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MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
[enctue dakTopa, obecneunsatolero aHadasy - APC

+2. PaspyweHne MPF.

[loKa He 3aBepLUNTCA pacxoXXaeHne XpoMocoMm, paspyweHne MPF
HeXxenaTenbHO, TaK Kak brarogapsi eMy noaaep>XmBaeTcs
KOHAEHCMPOBAHHOE COCTOSIHME XPOMOCOM, siaepHast MeMbpaHa
HaxoauTcs B pa3apobsieHHOM COCTosiHMN U T.4. [1oaToMy B
oTHoweHnn MPF nura3za APC HeakTMBHa A0 No3aHeN aHadasbl.

N

&



MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
[enctue dakTopa, obecneunsatolero aHadasy - APC
2. PazpyweHne MPF.

docdopunmnposaHmne Cdhl npepgotepallaeT aktueauuio APC. B
akTnBaunio APC BoBneveHa knHasa Cdcl4, koTtopas
nedochopupupyet Cdhl, KOTOpbIN B CBOKO 04Yepeab CBSI3bIBAETCS C

¥
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MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a

[enctue dakTopa, obecneunsatolero aHadasy - APC
2. PazpyweHne MPF.

AkTnBHbI kKomnnekc APC-Cdhl pgencrteyeT Ha dakTop MPF,
Hanpasnss ero NpoTeoNn3unc.

[MpoTeocoMa 5 TN\




MexaHun3Mm gencreusa kommnaekcos LimknuH-Cdk

AHada3a n Tenodasa MUTO3a
[encrteune dakTopa, obecneumBatoLlero aHadasy - APC

+3. S deKkTbl pa3pyLlueHns MPF.

B nensuwencs kneTke NOCTOSHHO NPUCYTCTBYIOT NpoTenHdocdaTasbl.
[ocne pe3koro cHmxeHnss MPF nx akTMBHOCTb HauMHaeT npeobnaaaTts.
DTO NPUBOAMUT K COBbITUSAM, MPOTUBOMOSIOXKHBIM COBLITUSAM Npoda3sbl.

a) BoccTtaHoBneHne aaepHbIX 0bonovek
6) [lekoHaeHcaums XpoMoCcoMm
B) LntoToMns (LMTOKNHE3)

* Myosinl
Myosin | Myosin Il \

Pole
Pole

Cleavage
furrow




KOHTPO/b KJ1IeTKMU 3a
NpoxoXxaeHueMm KJIETOYHOro uukna

= B Xxope KNeToyHoro umkna KIeTkou ocyLeCcTBNSEeTCs
CaMOKOHTPOJSIb COBCTBEHHOr0 COCTOSAHMSA. ITOT KOHTPOS1b
NPpUypOoYEeH K onpeaeneHHbIM cTaanam uuknia. Cucrtemsl,
CNOCOBHbIE OCTAaHABIMBATb KETOYHbIN LMK B ONpeaeneHHbIX
TOYKaX B OTBET HA pa3/INYHbIE NOBPEXAEHUS, MOYYNIN
Ha3BaHMEe CBepPOYHbIX ToveK (OT aHrn. checkpoint) KNeTo4YHoro
LMKNa.




KOHTPO/b KJ1IeTKMU 3a
NpoxoXxaeHueMm KJIETOYHOro uukna

« KoHTponto noasepraeTcs cocTosiHMEe HacIeaCTBEHHOrO
MaTepuana. B 3aBMCMMOCTU OT pe3ynbTaToB BblIOMPAETCS OAMH U3
TPEX BAapUaHTOB AaNibHENLLErO NOBEAEHUS:

1 — 6e30CTaHOBOYHbBIN NEPEXOS K Ceayowwen CTaanun LuKna,
2 — 33lepXXKa Ha TeKYLUEeN CTaann ANns ucnpasneHus nedekTa,
3 — 3anycK MexaHu3Ma anonTo3a, €C/IM HapyLUEHUS HEUCNPaBUMBbI.




CBepouHble Touku (checkpoints)
KJ1IETOYHOro yMKna

= B uukne cywecTByeT HEeCKONbKO CBEPOYHbIX TOYEK, MPOXOXAEHMEe
KOTOPbIX BO3MOXHO JIMLLb B C/Tly4ae HOPMabHOIro 3aBepLleHuns
npeabIayLWnX 3TanoB 1 OTCYTCTBUSA NOBPEXAEHNS reHOMa.
BblAensioT No MeHbLlen Mepe 4 Takme To4Yku: B nepuopax G1, S u
G2, a Takxke "To4Ky npoBepkn COOpPKU BepeTeHa AeneHuns".
BbiaensioT ewe 2 KpUTUYECKuX rnepexoaa mexay dasamum - G1/S u
G2/M.




CBepoy4yHas TOYKa Gi

TakTHOCTb [HK, Tak kak pennukauua nospexageHHon OHK npmueeger
K nepefaye reHeTU4YeCKNX aHOMasriMin NoTOMCTBY. [103TOMY KneTku,
noaBeprumeca MmytareHHbIM BO34ENCTBUSM, Bbl3blBaOLWMM Pa3pbIBbI
OHK (Y®- 1 ramma-obnyyeHune, ankunmpyowme CoeguHeHns),
ocTtaHasnmBatTcsa B G1 1 He BXxogdaTt B S-haay.

OcHoBHOe TpeboBaHUe K KNeTKe, BCTynawLien B S-paay, -
“Tm

OctaHoBka B G1 Habntogaetcsa He Tonbko nocne HK-nospexaaroLwmx
BO34ENCTBUN, HO U MPU OAPYrUX COCTOSAHUSIX, B TOM YMCIe MPUBOOAALMX K
HapyweHuam Ymcna xpomocomOcTaHoBka B G1 HabnogaeTcs He TONbKO Nocne
OHK-noBpexaatouwmx Bo3gencTsum, HO U Npu Opyrux COCTOSHUSAX, B TOM YUCIie
NPUBOASALLNX K HAPYLLUEHUSAM YMCIia XPOMOCOM - MPU HE3aBEPLUEHHOCTU
npeablayLero KNeToYHOro LUnkna MMTo3oM (pacxoxgeHnemM XpoMocomMm), rnpu
HenpaBuUbHOW cerperaummn xpomocomOcTaHoBKa B G1 HabnogaeTca He TONbKO
nocne [AHK-noBpexaatouwmx BO34enNcTBun, HO U NPU OPYrmx COCTOSAHUSAX, B TOM
4Yucre NPUBOOALLUMX K HApPYLIEHUSIM YMCa XPOMOCOM - NPU HE3aBEPLLEHHOCTH
npeablayLero KNeToYHOro LUnkna MMTo3oM (pacxoxgeHnemM XpoMocom), npu
HenpaBuUIbHON cerperaumm XxpoMmocom Bo Bpemsi Muto3zaOcTtaHoBka B G1
HabntogaeTcsa He Tonbko nocne JHK-noBpexgaroLwmx BO3AeNCTBMIA, HO U NpU APYrnx




CBepoyHas Touka G1

benkn ATM n ATR gaBnqatoTcs
EI.éEHMKaMM NHpopMaLMK O
noBpexaeHuax AHK. ddekTopamm
ATM aensitoTcsa checkpoint-kuHa3sbl
Chk1/2, 6enok p53, BRCA1. benok
p53 akTMBMpPYeET MHIMbUTOpa BCEX
LIMKNIMH-KMHA3HbIX KOMMAeKcoB p21.
Chk1/2 cnocobeH nHrnbmnposatb
docaTtazy Cdc25, kotopas nrpaet
Ba>XHYIO pOSib B Nepexoe K
CUHTETMYECKOMY nepuoay.

Ecnn nospexaeHna JHK oyeHb
BETMKN N UX UCNpaB/ieHne
3aTArMBaEeTCs, TO ANTENBbHO
COXPAHSIOLLIMA CBOKO aKTUBHOCTb
6enok p53 AencTByeT Kak
TPAHCKPUMNLMOHHbBIA (paKTOp FrEHOB,

3anycKaloLwmx nporpaMmmy anonTo3a.

CBepo4Hast Touka ATM/R
nospexaeHnn JHK 1

p53

@ l

Cyclin D-CDK4/6 == p21¢iP

lNepexon «— cyclin E/A-CDK2

e B S-cha3zy .l_ T

p21CIP Cdc25A

T

pPS3

T

ATM/R —— Chk1/2



CBepoyHas Touka S n G2

MNoBpexaeHnsa AHK n apyrne HapylweHus Bbi3blBatOT OCTAHOBKY B S 1 B G2-(haze
KNEeTQUHOro uunkna. lpu aToM BbIABNAKOTCA NOBPEXAEHNSA, MPONYLUEHHbIE NMpU
npo%zﬁnemm npeablayLWmnX KOHTPOJIbHbIX TO4YeK, IM60 MosTydeHHble Ha
NOCNeAYLWmMX CTaamax KNeTouHoro umkna. Kpome toro, B G2-(hase getektupyercs
nonHoTa pennukaumn AHK n noaToMy knetku, B KoTopbix JHK HegopennmumpoBaHa,
He BXOOAT B MUTO3.

CBepoyHas

TOYKa

NoBpeXAeHUI

[IHK 521CP

Il

Cyclin A/B-CDK1 ==JBltepexon
B M-cpasy

Cdc25C

CBepoyHas r];
1K
TOYKa 1

HEAOPEN/IMKaUnn
f..a

IHK TR T I

p21¢ciF Cdc25A

Cyclin A-CDK2

CBepoyHas Touka |
MOBPEXAEHUN o

AHK I

ATM/R =— Chk1/2




CBepoyHasa Touka c60pku BepeTeHa
(spindle-assembly checkpoint)

ot Sod Bo usbexaHne HenpaBUITIbHOIO
pacnpegeneHnss XpoOMOCOM KIETKU

Maternal Chromosome 1 3agepxuBarotca B metadpaszeBo nsdexaHue

HenpPaBUNbLHOrO pacnpeAeneHNA XPOMOCOM RNl miororabule

microtubules

KINeTKWN 3aAepXXuBaroTca B MmeTtacpase o Tex
nop, Noka Bce KNHeToxopbiBo nsdexaHue
HenpaBUIIbHOIO pacrnpegerieHnst XpOMOCOM Rt
KINeTKWN 3aAepXXuBaroTca B MmeTtacpase o Tex
nop, NOKa BCe KNHETOXOpPbI He ByayT
npuKpenneHbl K MUKpOTpyb6oykamBo
B B n3bexxaHne HenNpPaBUITIbLHOIO pacnpeaeneHuns
XPOMOCOM KJeTKW 3a4epXUBaroTCcH B
MeTacbase .qo Tex Nop, NoOKa BCe KNHETOXOPbI
HE 0 EI'IJ'IEHbI K MUK OO4YKdM
Mpun o6paboTke Apo en- TOB Be ?_Icl;r%au I,_!“B‘éenonwmepmyrou.l,mMM
MUKPOTPYOOUKHN, KNETKU Te'PaHo'% ﬁﬁoBc& erT'i'éy Th O M‘Faké%BT Ve ﬁiﬁ ¢a Ha cTaaum meTadasbl.
Y Ap @Earddpeisanaseo BV RS :

BUB - budding uninbib#éeokiby dmen ey kas Bld\ R:omitatigearrest deficient.

HenpukpenneHHble knuleTSSHEIAHB MGy IR MR D B8NP M6 upyeT komnnekc
KNeTKU 3aAepiuRIPTCHE MeTadase Ao Tex

nop, Noka BCce KNHETOXOpPbI He OyayT
npUKpenneHbl K MUKPOTPYOOYKaM .
OnpepensloLYIO0 ponb B UHAYKUUU
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Bxirouenue
CheckPoint — KOHTPOJILHON TOYKHU

KoresuHa (?)

Mad?2
Mad1
Mad2* = APC/C***
Herpagaumns
CeKypuHa
\/
- enapasa
Brikmouenne CheckPoint | - o . o —
"9 P - >
u Pacwennexve
BoitTecHeHne CP-npotenHoB U o J U
[MpekpaweHune npoaykumm Mad2* (?) Havano
aHadasbl
docdopunmpoBaHune



CBepo4yHas TOUYKa cerperauvu
XPOMOCOM (Chromosome segregation checkpoint)

l KoHTponbHas TouKa cerperaumm XpoMocoM NPenSTCTBYET 0CBOOOXAEHWNIO
Cdc14. Takum obpasom npoTteonn3snsa MPF He npoucxoauT. YTo
NPEeNSTCTBYET BXOXAEHUIO KNETKMN B Tenodasy KJIETOYHOro LMKa.

CBepoyHan ToukKa
cerperauuvm
XpPOMOCOM

= { 52
: o }
ali’ [poTeocoMa N

Tenodasa



O6Lwwume npeancraB/ieHUs
06 anonTto3e

s AMNOnTO3 - 3TO NrEHETUYECKU 3arnpoOrpaMMMpPOBaHHbIA NMYTb KIIETOYHOM
CMepTN, HeEO6XOAMMbIW B Pa3BUTMM MHOIOK/IETOMHOIO OpraHM3Ma u
YYacCTBYOLLMM B NOAAEPXKAHNN TKAHEBOIrO rOMEoCTasa. JToT
MeXaHU3M, KaK U3BECTHO, BbI3blIBAETCH pa3/IMYHbIMN CUrHaIaMMU:
CBSI3bIBAHMEM C peLenTopamMmn cneumuyecknx KNnnepHbIx
NIUraHaoB, HEXBATKOW (hakTOPOB pOCTa/BbKMBAHMS,
nospexaeHnamm AHK n paspyllieHnsaMm UMTOCKENEeTa, rmnokcmen u
ApYyruMn HebnaronpusiTHbIMU YC/I0BUSIMM.




CpaBHUTeNnbHaA XxapakTepMcTUKa HeKpo3a U anonTosa

MpusHak

AnonTo3

Hekpo3

PacnpocTpaHeHHOCTb

OanHoyHas kneTka

[pynna kneTtok

NHaykumsa

AKTUBMPYETCSA (U3NONOrNYECKUMU/ UK
naTosIorM4yeckuMm CTumMynamMmm

PasnunyHas B 3aBUCUMOCTU OT
nospexagaroLlero pakropa

Buoxumumnyeckne
N3MeHeHns

OHeprosaBncmmasi hparmeHTaums
AHK 3HOoreHHbIMY SHOOHYKNeasamu
JInzocombl MHTaKTHbIE

HapyLwieHne nnm npekpallieHne NoOHHOro
obmeHa. 13 nu3ocom BbiICBOOOXOAatOTCA
doepMeHTDI

Pacnag AHK

BHyTpunagepHasa koHaeHcauus ¢
paclwienneHnemM Ha pparMeHTbI

OndpdysHas nokannsaumns B
HEKPOTU3MPOBAHHOWN KneTke

LlenocTHOCTb
KIETOYHON
MeMObpaHbl

CoxpaHeHa

HapyweHa

Mopdornorus

CmMopLUnBaHme KNeTok U
doparmeHTaums

HabyxaHune n nmanc kneTok

BocnanutenbHbIn
oTBeT

Het

OObIYHO ecTb

YnaneHune nornomx
KNeToK

[MornoweHne (haroumTos) cocegHMm
KneTkamm

[MornoweHne (paroumtos) HenTpocunamm

N Mmakpodaramm
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APOPTOSIS
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