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1. Tvnn paaiaudinHol 3arnbeni KNiTnH.
ETann KNiTMHHOro LMWKy Ta K/AKO4O0B;
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2. MponidpepaTtnBHa 3arnbenb KNITUH.
3.IHTep®a3Ha 3arnbenb KNiTUH.
4.PagiovyTnuBICTb KNITUH.

5.Mpupoaa pajiauinHOl cMepTi KITUH.
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CDC25 phosphatase: (yHKUIOHYBaHHSA i perynauis

docdaTaza CDC25 —
epMeHT, Wo
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Toukn KOHTpOoNIO nowkomkeHHA JHK

Y BUNagKy BUSIBNIEHHS MOLLKOAKEHb
KNiTUHa:
1. 3ynuHsie unkn B G1, S, G2 dazax;
. YNOBINbHIOE pennikauito AHK;
3. 36iNblLUYE TPAHCKPUMLIO reHiB
penapadil;
4. IHAYKYE anonTos3
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cell division
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BuasneHHa nowkoaxeHb AHK
30IMCHIOTb cneumdiyHi KiHa3u — 3
HaapoauHu PI3-kiHas.

[TOLLKOOKEHHS PEECTPYE
npoTeiHkiHa3a Rad3, BoHa
poCOpPUNIOE, aKTUBYIOUN,
HACTYyMnHYy KiHa3y, NOTIM KiHa3a
akTmeye KiHa3sy Chkl. Chk1l
dochopunioe (Ser 33, 192, 359)
CDC25. docdhopuiboBaHi 3anuLLKN
CEPUHY — CaUTU 3B’A3yBaHHS
KoMmnnekcy 6inkis 14-3-3.

B rpyni 3 komnnekcoM 14-3-3,
CDC25 TpaHCNOKYyeTbCA 3 a4pa B
LiIMTONNa3My.

KNiTUHHUIA LUMKN 3YNUHSAETbCS.
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HEKPO3

MN3meHeHne CTPYKTYPBI KJI€TOK *KHBOTHBIX ITPH HEKPO3€e W amonTo3e. 1 —
HOpMaJibHas KJjeTKa. 2, 3 — HEeKpOTH4YeCKHe u3MeHeHusi: 2 — Habyxanue KJIeTKH, 3 —
HEeKpOTHYeCcKas Je3uHTerpanusi. 4, 5 — anonTo3Hble U3MeHeHHs: 4 — cMOpUIHBaHUE
KJIEeTKH ¢ 00pa30BaHMEeM Ny3LIPYATBIX BBIPOCTOB, 5 — (hparMeHTanms KJIeTKH ¢ oOpa-

30BaHUEM AIONTO3HBIX BE3HKY.JI
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®a3zn anonTosy

° [HaykTOpHa (hasa © EdekTopHa ¢a3a:
(NPUAHATTA PiLLIEHHRA): BinOYyBaETLCA AEMOHTAX
Bin6yBa€ETLCA KNITUHHUX CTPYKTYP
(hOpMyBaHHA |
NPOBEAEHHA
anoONTOTUYHOrO CUrHany

Kacna3u (Caspases) — ucTeinoBi IpoTea3n: BOHH
BUKOPHUCTOBYIOTH 3aIMIIOK CYS B IKOCT1 JOHOpPA EJIEKTPOHIB
1 pO3LIETUIIOI0TH CYOCTpAT MICIs 3aIUIIKy ASP

(Caspases — Bijg Cys Ta Asp)
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CurHanbHi WAAXN anonTosy: 2 7K

1: nowkomxkeHHa AHK, 2: NPOoanonTOTUYHI
BUNPOMIHIOBAHHS, Aid CUrHanu, AKi
FMIOKOKOPTUKOIAIB, nepenaroTbCa BiA
NPUNMNHEHHS peuenTopiB "perioHy
LIMTOKIHOBOI perynsdi, KITITUHHOI cMepTi”
BKOPOYEHHS TenoMepiB (Fas-R, TNF-R)

00 KPUTUYHOIO piBHA,
CTPECOBUM CTaH KITUHU

_ AKTMBaLig Kacnasu 8
AKTUBaLia Kacna3m 9



MNowroaxerHs OHK, AKTUBaU A peuenTopa

Paj0aKTVEHE BVNPOMIHIOBAHHA, perioHa KnitkHHOT cvepTi
LIMTOTOKCMYHI SreHTH Fas, TNF)

Mpokacnasza 8

Kacnasa 8

¥ Mpokacnaza 3

¥  Kacnaza 3
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Kodaktopu aktuBauii
anonTosy
(wnsx kacnasu 9):

First stage of apoptosome formation

KodakTopu anonTto3y
Apafl & Cytochrome C:

Apafl (apoptosis protease
activating factor-1) 3a
AOMNOMOIroro CARD' Recruitment of
(pparMeHTa KOHTAKTYE 3 pipcaspase >
IHILLIATOPHUMK Kacna3aMu ‘ |
(1,2,4,519).

Y komnnekci 3 ATO |
UUMTOoXpoMOoM C yTBOpPIOE
anonTocomy (KoMmnnekc, B
SIKOMY aKTUBYIOTbCH
IHAYKTOPHI Kacrnasn)

procaspase-9

Caspase Activation



CurnanbHi wnaxm aktmsalii kacnasm 9:
P52 — guardian of the genome — xpaHUTenb reHoMy

® CeHcop nowkomxkeHHa AHK — ren p53
(pO3MilLEHMM B KOPOTKOMY nnedi 17
XPOMOCOMMW)

e binok p53: 393 ak3, M = 53 k[a, aie
SIK TPaHCKPUMNUiMHUA pakTop

® HeakTnBHWUWN p53 MICTUTbCS B
LIMTOMNMa3Mi, akTUBOBaHUN — B AP

® CripuymHsE 2 roNnoBHi edeKTu:

" \» 1) 3ynnHSE KNiITMHHUK Unkn B G1/S
(yepes p21); :
2) aKTUBYE anornTo3




Classic model of p53 activation

@

p53 stabilization Etissees
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DNA binding Transcriptional
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Figure 2. Classical Model of p53 Activation
The classical model for p53 activation generally consists of three sequential
activating steps: (1) stress-induced stabilization mediated by phosphorylation
(P), (2) DNA binding, and (3) recruitment of the general transcriptional machin-
ery. During normal homeostasis, p53 is degraded after Mdm2-mediated ubig-
uitination (left), while stress signal-induced p53 phosphorylation by ATM, ATR,
and other kinases stabilizes p53 and promotes DNA binding. DNA-bound p53
then recruits the transcriptional machinery to activate transcription of p53 tar-
get genes.
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Extrinsic pathway
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Heepaodauiss JHK

— caspase
activated DNAase
(bepment-/IHKa3a)

— Inhibitor CAD
(1ar101Top JIHKa3n)

— poly (ADP-
ribose) polymerase
(penapyrounii 01J10K)



MiToTnuHa KaTacrpodha

MiToTyHa kaTtacrTpoda (niaTun 1..
— peani3auisg anonTUYHoI nporpamm

1 1 . Mitotic catastrc ph following irradiation [72]. Control cells
BnaCHe B npOLIIeCI MITO3y, normally contain a single round nucleus (to the //[) Irradiated cells
display increased frequencies of multiple nuclei (arrowheads) and

an L',bOMy Cerperauiﬂ XpOMOCOM micronuclei (arrow; to the I'/g/rf)
He CNOoCTepIraeTbCs, | KNITUHA

610oKyeTbCA B OAHIN 3 a3 MiTo3y (3a3BuUYan, B
npoMeTadasi i MeTadasi).

lNepeBaXKHO peanisy€eTbCa 3a MITOXOHAPIaNbHUM LLISIXOM
(3a akTuBaLil iHiLiaTOpHOI Kacnasu 9).

MiToTH4YHa KaTacTpoda (niaTnn 2) — NOCTMITOTUYHA
3armbenb NoninaoIiAHMX KITUH — peani3auis anonTUYHOI
NporpamMu nicns 3aBepLUEHHSs aHOMasIbHOro MiTO3y KONw
He BiAOYBaETbCA PO3/iNEHHA XPOMOCOM | YTBOPEHHS
OOYIpHIX KNiTWH, B cTaail G1.

[Mpn LbOMY OKpeMi sApa Takol MraHTCbKOI KNITUHU
NnepeBaXkHO 3a/nLLAaTbLCA aHeYNoIAHUMM.



MiToTnuHa katacrpodha

e [pnunHu MK: nowkoaxeHHs AHK (KOHTpOso MiTo3y),
NnopyLleHHs BepeTeHa noainy (popMyBaHHS
6araTonosItoCHOro BepeTeHa noainy).

* [Ipu nopyLueHHi NnpoueciB anonTo3y (nepesipka B TOML|
pPecTpuKUil) noainoiAHMX (30KpeMa, TeTpanaoigHNX)
KMiTUH, BOHM 34aTHI Hagani 34iMCHIOBATU KNITUHHUA
LMK | MITO3.




Aytodarivina 3arnéenv KniTMH

e Aytodparisa — uUe gerpagauia opraHen i
LMTONa3MaTUYHOro MaTepiany, sika 34iINCHIOETLCS 33
YYacCTi BHYTPILLHbOKTITUHHUX MEMOPAHHNX CTPYKTYP.
[1pn uboMy de novo POpPMYIOTbCS creLiani3oBaHi
CTPYKTYpu — ayTodarocoMmm — 1BOMEMOpPaHHI
CTPYKTYPU 3 YaCTUHaAMW BYTPILLHbOKITUHHOIO BMICTY.

e Konu aytToarocomMm 3mMBaroTbCs 3 Ni30COMaMu
(ayTodaronizocomm), BiabYBaETLCS PO3LLENIEHHS iX
BMICTY.

® AyToaris 3arnyCcKa€ETbCsl, 30KpeMa, MOLLUKOIKEHHAM
orpaHen (MiTOXoHAPiN, NMEPOKCUCOM TOLLO)
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TPAHCNALMA <=

BAHHE MONOAAHHE
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CTABHNBEHOCTD BBICOKOrO  CTABHNBHOCTD MNABHBIX
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benku

UHTHOMPYIOT ayrodaruro H
BBI3BAHHYIO roJI0/IaHUEM
TPAHCKPHUIILIUIO I'C€HOB 7
aKTUBHPYIOT TaKHE ITPOLIECChl Kak
TPaHCIIALUIO U OMOCHHTE3 pUOOCOM

U3 crateu: (Raught B.,Gingras
A., Sonenberg N. Belku-MueHH
panamuimHa (TOR) - The target of
rapamycin (TOR) proteins //Proc
Natl Acad Sci.- 2001.-V.98, Nel3.-
P.7037-7044)




NMporpaMmoBaHui HEKPO3

® |lle — eHepreTM4yHa KaTtacTpoda KAiTUHWN: PAKTUYHOLO
NPUYNHOIO HEKPO3Y € 3HMXKEHHSA piBHA AT® HMXK4e
KPUTUYHOIO 3HAYeHHS, CNpuYnHeHe ToKCMHaMm abo
Di3NYHMUM PYMHYBAHHAM CTPYKTYP KAITUHW.

* [lporpamMoBaHu HEKPO3 PELIENTOP-0MNocepeaKoBaHO
IHAYKY€ETbCA Monekynamu TNF (tumor necrosis factor —
haKTop HEKPO3Y NyX/IMH) abo Npu 0AHOYACHIN aKTMBaLlii
arnonTo3y 4yepe3 peuenTtopu Fas i 610KyBaHHI Kacrnas.



kb

Apoptosis

Autophagy

MNecraosis

Senescence

Mitotic catastrophe

Table 3.1 The characteristics of different types of cell death®

Chromatin condensation; nuclear

fragmentation; DNA laddering

Fartial chromatin condensation;
no OMA laddering

Clumping and random
degradation of nuclear DNA

Distinct heterochromatic
structure (senescence-associated
heterochromatic foci]

Multiple micronuclei; nuclear

fragmentation; dicentric
chromosomes

Blebbing

Blebbing

Swelling;
rupture

Fragmentation
(formation of
apoptotic bodies)

Caspase-dependent

Increased number
of autophagic

Caspase-independent;
increased lysosomal

vesicles activity

Increased vacuolation; -

organelle degeneration;

mitochondrial swelling

Flattening and SA-3-gal activity

increased granularity

- Caspase-independent
(at early stage)
abnarmal CDK1feyclin
B activation

Electron microscopy; TUNEL
staining; annexin staining;
caspase-activity assays;
DMNA-fragmentation assays;
detection of increased number
of cells in sub-G1/50; detection
of changes in mitochondrial
membrane potential

Electron microscopy; protein-
degradation assays; assays for
marker-protein translocation to
autophagic membranes

Electron microscopy; nuclear
staining {usually negative);
detection of inflammation and
damage in surrounding tissues

Electron microscopy; SA-3-gal
staining; growth-arrest assays

Electron microscopy; assays for
mitotic markers (MPM2); TUNEL
staining

CDK1, eyelin-dependent kinase 1; 54~ 3-gal, senescence-associated galactose; TUMEL terminal deosynucleotidyl transferase dUTP nick end labelling.
*Adapted from Okada and Mak [2004). Adapted by permission from Maemillan Publishers Ltd.
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Duration of process (membrane Duration of process (time from
blebbing to cell collapse) entering division to cell collapse)
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Figure 3.2 Data from Endlich et ¢l. (2000) demonstrating early and late forms of cell death. The ST4 lymphoid cells
die rapidly by apoptosis before mitosis. L5178Y-5 cells also die by apoptosis following irradiation, but only after
attempting to complete mitosis. In this case the initial DNA damage response is not sufficient to induce cell death and
the cells die because of problems that occur during mitosis.
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Early cell death
(apoptosis, senescence
autophagy, necrosis)

\

/ > —» Clonogenic
survival
@ o) L I —
DNA damage (e =t
response ( Mitotic Catastrophe )

@ > (gb Late cell death
(apoptosis, senescence

autophagy, necrosis)

Figure 3.1 Schematic of cell death following irradiation. DNA damage induced by irradiation elicits activation of the
DNA damage response (DDR - see Chapter 2), which leads to induction of cell-cycle checkpoints and DNA repair. In
certain rare cells this response also induces apoptosis or other forms of cell death. However, in most cases cells die only
after attempting mitosis. Remaining or improperly repaired DNA damage causes mitotic catastrophe, which subsequently
leads to cell death. Mitotic catastrophe and cell death can take place after the first attempt at cell division, or after
several rounds of proliferation. Consequently, this form of cell death is considered late cell death.
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