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MopiBHANbHA CXeMa OCHOBHUX BUAIB KNITUHHOT 3arnbeni
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30BHIiWHIW BUrNA4 HeMmaToam

Caenorhabditis
elegans




MopiBHANbHA cxema BMN/IMBY NPOAYKTIB AAHUX FeHIB Ha perynaLlilo anonTo3sy y HemaTtoau
Ta NOAMHM.

C. Elegans Humans
Death
A A

Egl-1 | Ced-9 : Bel-2 | BAD
|

1 1

Ced-4 Apaf-1
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Caspase
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MopdonorivyHi KapTUHK anonTo3y
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[NopiBHANBbHA CXema ABOX TUMIB WAXIB aNONTO3y
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3aranbHa CXxema B3aEMO3BA3KY GaKTOPiB peryndAuii anonto3y Ta BUXKUBAHHA |

Death Stimuli:

Survival Factors: @ Survival Factor Withdrawal

Growth Factor% Cytokines, etc.

Bel-2 Family

 Pro-Apoptotic
Pro-Survival

T2

Apoptosis Genotoxic Stress



3arasibHa cxema B3aEMO3BA3KY PaKTOpiB perynauii anonto3y Ta BUXKMUBAHHA ||

Survival Factors;
Growth Factors,
yp7. Cytokines, etc.
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MpUKNaan CTPYKTYPU TUNOBUX PELENTOPIB POCTOBMX paKTOpIB
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CTpYyKTYypHa cxema TUMoBOro TNFo.
peuenTopa KAiTMHHOI 3arnbeni TNFR
TNFRI
receptors
- —
plamsa
membrane
Death
Domain
TRADD
FADD

s
Pro-caspase 8 —' TRAF-2

| 1 ]
Apoptotic Signalling
Yathway Pathway




CTpYKTypHa cxema TMNnoBoro CD95 (Fas/APO-1)L
peuenTopa KAiTMHHOI 3armbeni CD95 Y
SBX

O e
‘“’ CD95 (Fas/APO-1)

Procaspase-8/10

Caspase-8/10

- Death Domain

@ Death Effector Domain
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Mpuknaau peuentopis poanHu GFR

e TNFR1, «TRAMP,
e TNFR2, eFasR,
*NGFR,  TRAIL-R1,
«CD27,  TRAIL-R2,
*CD30, eHVEM,
*CD40, *GITR,

*0X40, * RANK.



Mpuknagmn anonTUYHUX
peuenTtopis DR

eDR1 - TNFR1 (CD120a, p55, p60),

*DR2 - FasR (APO-1,CD95),
*DR3 - TRAMP (APO-3, LARD, WSL1),

eDR4 - TRAILR1 (APO-2),

*DR5 - TRAILR2 (KILLER, TRICK2),
*DR6

*DR7 - EDAR (0o ekmooucnnaa3uHy A),
*DR8 - NGFR.




Cxema opraHi3auii pyHKLiOHaAbHUX AOMEHIB peLenTopiB KNITUHHOI 3armbeni

TRAMP
DR DeR1
APTI-3 TRAL-R3
WaL TRID
THF-A1 LARD LIT
e TRAIL-R1 DeA2
!F““: , DR4  TRAIL-R2 TRAIL-R4
APD-2 DRE

I O$S
— O
= O
O
@
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Mpuknagm peuentopis-"o0bmaHoK” DcR

eDcR1 - TRAILR3,
eDcR2 - TRAILRA4,
*DcR3,

eDcR4 - OPGR.



KomnoHeHTu DISC I-ro Tuny

*FasR (comompumepu3zosaHul),
*FADD — adanmopHuu b6inok,

2 npokacnasu 8 / 2 npokacna3su 10,
*CFLAR(FLIP, ;5) — iH2i6imopHuU 6inoK.



binku, wo s3aemoaitotb 3 DISC I-ro Tuny

e Daxx,
*FAP-1,
*FLASH,
*RIP,

o FAF-1.



Cxema perynATopHOro B3aEMo3B’A3Ky MiXK peLenTopHUM Ta MITOXOHAPIa/IbHUM anonTo30M

Smac/DIABLO
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KomnoHeHTu DISC ll-ro Tuny

*TNFR1 (2comompumepu3osaHuii),

*RIP,

*TRADD,

*RAIDD ,

*CRADD,

*TRAF 1/ TRAF 2,

*FADD,

*[lpokacna3a 8/lMpokacna3a 10 (abo 2),
*CFLAR (FLIPLSL




' Cxema wnaxis aktueauii DISC tuny |
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Cxemu aKTMBaUil HepenuenTOpPHOro anonTosy

L ®
' & /y\‘ gy DNA damage
AN ¥ Vu‘ " by cisplatin Ancillary or Main pathway
¢ redundant pathway?

ER stress DNA damage

ATR Cellular stress
ROS

P53 {:‘% 4 P-p53

PIDDosome? <— @p53

78 &1
PUMA
5] Cytc
PUMA-o/BCL-XL MOMP "6%° re’{ease
PIDDosome
(caspase-2) 22 Bax
Apoptosis
AlF Cytochrome ¢
¢ ¢ Nature Reviews | Cancer
Caspase-independent Caspase-dependent 23

apotosis apotosis



MpeactasBHUKK poanHu Bcl-2

*Bax,
eCed-9, *Bcl-X,,
° BCI-Z, ° Bak,
‘BCI-XL, *Bad,
*Bcl-w, *Bik,

e Mcl-1 p ° Blm,
*Bfl-1, *Bid,
*DIVA, «PUMA,
e NR-13. oNoxa,

e Hara-kiri.



Knacudikauia 6inkis poanHu Bcl 3a HaABHICTIO CTPYKTYPHUX AOMEHIB

Bag-1
Raf-1
Calcineurin

l 1iHF ZiHH

Bel-2 subfamily BH4 BH3 BH1 BH2
Bel-2 [ T I Tl 2 P | anti-apoptotic
Bel-x [ T N 4 = | anti-apoptotic
Bel-x, [ = | E | pro-apoptotic
Bel-w [T | e | ... | anti-apoptotic
Bax subfamily
Bax T o | pro-apoptotic
Bak | Hi5 Lo i . T pro-apoptotic
Bik subfamily

Bik A i) pro-apoptotic

Bid pro-apoptotic
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CTyKTypHa opraHi3auia gomeHis 6inkis poanHm Bcl

Anti-apoptotic

BH4 BH3 BH1 BHZ ™ Bel2
| % — cl-
w{ [ i — o
Pro-apoptotic
Multidomain
Bax
_ Bak
BH3-only Bnip3
i Mix/Bnip3l
. Bim i
Bik
Bid
Bad
ﬁﬁ Fuma

Moxa
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Knacundikauia 6inkis poanHu Bel 3a yHKUIAMM Y pi3HMX BUAAX *KUBUX OPraHi3miB

Anti-apoptotic
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Cxema PyHKUiN 6inkiB pognHu Bel y miTtoxoHapiax

-, Bax
A {,-s\‘ v
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Cxema perynauii akTUBHOCTI
Kacna3s 3 6oky Bcl-2

= caspase- ) r _w qde — ApOpLosis
pro-
mspase -4
cm @
dATP —-\pﬂf-l

N
@
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Moxxnusi pyHKuii Bcl-2

Mitochondrial PT
(cytochrome c/AlF release)

Caspases T
N Channel
CED-4 Bax, Bak, Bik
p63< p53BP-2 Raf-1 —> BAD
A
Calcineurin BAG-1

/

NFE-AT
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PerynatopHi ana Bcl-2 HepoanHHI 6inkn
+ = ?
*Bnip1,
°*Bag-1, *Bnip2,
*Raf-1, *Bnip3, e*R-ras (p23)
*SVIN, eApaf-1. e<p53BP2,
*BJ-1. eCPT-1,
e[IpioHu,
e KanbyuHelpuH,
ep28BAP31.



Cxema OCHOBHMX LUAAXIB perynauii akTMBHOCTI ABOX «rinok» 6inkis pognHum Bcl

Caspases Fhosphorylation

Death
Agonists

Death
Antagonists

Caspases I Phosphorylation

Non-family
Bcl-2-Binding
proteins 32



3aranbHa cxema PyHKLOHANbHUX Ta PErYNATOPHUX NMOAiN 3a yyacTio binkiB poanHu Bcl

[ necrosis |

+———‘

pro-caspase-9

caspase-9

caspase-3 apoptosis |

pro-caspase-3

2 mitochondria 33




JlomeHHa opraHisauia p53

[ R [

1-50 6392 100=300 J23-358 363-393

M-terminal domain Central domain C-terminal domain

P —

Sequence-specific DNA-binding

p53 protein structure
Expert Reviews in Molecular Medicine ©2003 Cambridge University Press
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CxemaTuyHa cTpyKTypa reHy Hdm2/Mdm2 ta ABox popm MOro NpoayKTiB

P76 053 pinding NLS NES ACIDIC  ZF RF NoLS

‘BT . [+

P1 P2

i i 4 t;_G Hdm2 gene

rl—' H—i—IvV= VvV Ilq— IX— XXl Xil —
A A

pS3RE y(;

i [l <o
p53-binding NLS NES ACIDIC ZF RF NoLS
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CtpyKTypa p90Mdm?2 3 iHAMKALLIED OCHOBHUX CalnTiB docPopmntoBaHHA

$229, S232
$240, S242
$246, S253
$256, S260
S262

S17 S166 S186 T216 S269 Y393 $395

491

p53-binding NLS NES ACIDIC ZF RF NolLS

Ubiquitin ligase

q 491

p53-binding NLS NES ACIDIC ZF RF NolLS
p300 Rb
Cxema cauTiB PML PML
fpnEAHanHtA p73 TBP SP1 TAF,250
iHWWX BinKiB —
E2F ARF
DNA Pol ¢ L5 RNA
Numb MTBP

TFIE




Cxema perynatopHux 38’a3kiB mixk Mdm2 1a p53 3a ymoB Hopm#U

‘ p53 AND mdm-2: A DEADLY ASSOCIATION I

B I- NORMAL CELLS

T

P e ot

exon | Texon Il exonlll

p53 RE l
p53 degradation

\000 «— @ mdm2

p53 loss of transactivation 4
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Cxema perynatopHmx 38’a3KiB mixk Mdm?2 T1a p53 3a Aii NOWKOoAKYHYOro CTumyny

‘ p53 AND mdm-2: A DEADLY ASSOCIATION I

- DAMAGED CELLS

mdm-2

exon | Texon Il exonlll

p53 RE l
‘ mdm 2
phosphorylation
at residue 15, 37 WAF 1
(p) /-/ PCNA
\ GAD45
& CYCLINE G
7 (P )= IGF BP3
stabilization 3‘1&2
DNA DAMAGE
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CTpyKTypHa opraHi3auia reHis Hdm2 ta Hdm4 Ta ix npoaykKris

\
P1 P2 o hdm?2
—> —
A A
| T In—m Xl
p53RE
p53-binding NLS NES ACIDIC ZF RF NolLS
| J
p53-binding ACIDIC ZF RF NolLS
1 [ ] |
P1
»
—la #/_ | _//L_ IBH N - F— Xl
A
ATG hdm4
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3arasibHa cxema perynauii akTMBHOCTI p53
a Unstressed cell

» p53 degradation

b Cellular stress (such as DNA damage)
Kinases

Binding to BCL2, BCL-X, 4°""
activates BAX and BAK

Transactivation of target genes inducing:
Cell-cycle arrest (p21), Apoptosis (PUMA, BAX, etc.)
Negative feedback (MDM2), DNA, Repair. Senescence, etc.

Copyright © 2006 Nature Publishing Croup
Nature Reviews | Cancer
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3aranbHa cxema perynauii akTMBHoCTI p53

DNA damage

A
N

ATM, ATR, hCHKj ,...

Phosphorylation

Acetylation
Ublqurrylo’non
OO
Q0O
Pro’reosome Inhibit the

MDM2-p53
inferaction

Growth/survival factor

Receptor ﬁ.’ @ —>

Nucleolus

J—

Activated
oncogenes

Phosphorylation

p53-independent T
activities DNA damage
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DNA dﬂmﬂge 3aranbHa cxema yyacTi p53y
Chemical carcinogens KNITUHHWMX NpoLiecax
UV, v, and X irradiation

1-— PARP

P33

|

p21

|

DNA repair Cell cycle arrest

Apoptosis

Maintenance of genomic integrity



3aranbHa cxema y4dacTi p53 y KAITUHHMX npouecax

—_— —— -‘_'_"‘--.

B RN Response Giarest GZamest Apoptosis DNA repair

Nature Reviews | Cancer
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Mpuknagun 6inkKiB, reHN AKNX € MilLEHHAMM ANa p53

p53: the master switch

CBP TRAF
P300 PCAF
ASPP1

Effectors Active p53

o @ ®_
Transducers ——

Qutcome Growth arrest




Knacundikauisa kacnas
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JlomeHHa opraHi3auia Kacnas




3aranbHa cxema Kacnaso-3a/1eKHOoro anonTtosy

Death stimuli Intrinsic Extrinsic

| I | Ligand
Decoy

| Fecepltors

. s
Qo O Ovtochrome.C . DIsC
Initiator

i‘ p |
Apaf-1 FaDD
caspase and BaXL ===l ||

“l

!
h- FupP

activation o .
I Procaspase-9 EEl I | Procaspase-8

4

¥

¥

r

v

Active ’t Active

caspase-9fAPAF-1 ﬁ.., —_— caspase-g

‘}\ / 1APs

APs Qﬁ
= Procaspase-3, 7
v
Effector @ Active caspase-3, 7
caspase
activation
1APs ]
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Death execution



MopiBHANbHA CTPYKTYPHA CXeMa Kacnas

0119_N120 0297_8295 D316.A317 H404

D148\ 150 D315.G317 D333 T435

D?t.g2@ D'75.g'76 H277

EFLAM D?70.8271 D29 _p29%0 NI

E124_A13S 0311_3312 D*¥0.g33T N418
v . v v

D#3.A%4 DTN ®0 D19_p 104 N?92

\

D*3.A24 D'*e.g1%e Q303

D216.g217 D374.g375 D47e

D138.\y138 DWS.E306 3 A g4ate

D219.\/220 D372.g373 1479

16 |152;K153 9242

Caspase-1

Caspase-2

Caspase-3

Caspase-4

Caspase-5

Caspase-6

Caspase-7

Caspase-8

Caspase-S

Caspase-10

Caspase-14

M Pro-domain Il Large Subunit Domain Bl Smalt Subunit Domain Il Linker
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MpuKNaan akTUBALIMHUX KOMMNNEKCIB A5 iHILiaTOPHUX Kacnas
a PIDDosome b DISC C Apoptosome

Apaf-1
Cyt.c
dATP

ol

d Dark-apoptosome e CED-4-tetramer

Dark/Hac-1/Dapaf-1 (CED-4),:CED-9

EGL-1
l" b $‘ CED-9:EGL-1

(CED-3),
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Cxema nepeTBOPEHHS NPOKAacnasun Ha akTUBHUI reTepoTeTpamep

D D D
X X %
NH Y/ p20 Z[ - cooH Procaspase
SHG QACXG
Processing

SHG QACXG
\/

Mature caspase
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Cxema obmexKeHoro I'IpOTEO}'IiTI/NHOI'O NpouecHUHry Kacrnas

Pro-domain Large subunit Small suburit

(TR J

Asp X Asp A

Caspase
inhibitors

Active caspase
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CTPYKTYpPHaA CXxema TPbOX OCHOBHUX TUNIiB iHPpAamMacomu

IPAF NALP1 NALP3
INFLAMMASOME INFLAMMASOME INFLAMMASOME

NALP1

ligand sensing IPAF NALP3

domains

oligomerization

domain CARDINAL
interaction

domains

caspase CASP1 CASP1
effector

domains

' LRR repeats Q PYD domain
. y caspase domain FIIND
. : -
‘ NACHT domain CARD domain cy




3arasnibHa cxema aKTMBaLil 3anasibHMX NPOLECiB 3a y4YacTi iHds1amacom Ta Kacnas

LPS, Pam3CSK4,

R848, CpG _l
[Sarel 1] o

1 \eoond * Aeromonas hydrophila  « Gout crystals
BT « Listeria monocytogenes  + Bacterial RNA

b . Staphylococcus aureus  « Toxins

an

Potassium efflux, membrane
perturbation, possible iPLA2 activation

—> | Poll1| | [ Proll-18 |

NF-xB

NALP3 inflammasome

Inactive NALP3

<

4

Oligomerization

A

NACHT domain
Active caspase-1 [

Procaspasel

h Proteolytic
j “Jeavoge
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1.Mipanocoma/Pengocoma:
a.PIDD (cnopiaHeHunn no p53, DD),
b.RAIDD (DD ta CARD),
c.npokacnasa 2 (CARD).
2.Komnnekc:TRAF2-RIP1.:
a.RIP1 (cepnHoBa/TpeoHiHOBa KiHa3a, DD),
b.TRAF2,
c.npokKacna3sa 2 (CARD).
3.Tpapggocoma (DISC Il Tuny):
a.TNFR1 (DD),
b.TRADD (DD),
c.RIP1 (DD),
d.RAIDD (DD Ta CARD),
e.npokacnasa 2 (DD).




Cxema go3piBaHHA Kacnasu 8

Exon 9 D374

D216 D384

pa3/pd’ mmh + h

p26/p24 + I v
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CTpYKTypa aKTMBALIMHMX KOMMNEKCIB Kacnas

56

iy Procaspase-8/10

MY
e

:
@@L@;

w
:

(iii)

Procaspase-2

Qaid

a1y

Procaspase-2

(i)

Procaspase-8/10

TNFa
TNF-R1

TNF-R1

P

(i)




Cxema 36MpaHHSA KOMMNOHEHTIB
anonToOCOMM Y BiAMoOBIAHUN KOMMNJIEKC

First stage of apoptosome formation

Apaf-1

cytochrome C

Recruitment of
procaspase-9

procaspase-9

R

Caspase Activation
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JlomeHHa opraHi3auia anonTocomu

' CARDEINBD | HD1MWHD lHD2MpB7 p6 Mcytc

-\
ST
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Ponb aAT® y 36MpaHHi Ta akTUBALLii anONTOCOMHOIO KOMM/IEKCY

_a Apaf-1 (dATP-bound)
e

@L dATP hydrolysis
Pi

) I

No dATP/ATP dATP/ATP

(dADP-bound, / Nucleotide exchange)
no nucleotide exchange m

P

Inactive Apoptosome Active Apoptosome



3aranbHa cxema aKTUBaLii Kacnasm 9

Apaf-1 + dATP/ATP

—> T
Q Hsp7

[Hsp90]

Apaf-1 oligomer

Hsp70|

(i)
Procaspase-9

Procaspase-3

Apoptosome @ @
\» ) Substrate @ CIeavage% APOPTOSIS

Actlve caspase-3




ku LLinaxn akTMBaLii edeKTOpHUX Kacnas

\ b Fas receptor

~YecaRag 4 .
oyre BID = =——3 tBID
/ Active caspase-8 /

Cytochrome c ,” Bcl-2

& LA
P G
{ LN -

TV ~ .
'Procaspase-s Apaf-:L : :
-
Caspase-3/7
Ve
) A,,opmm??d @
Active Procaspase-9
caspase-3/7 ‘ /
APOPTOSIS Actlve

caspase-9
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o DIAP- 1, BUAM iHTBITOPHUX aHTUANONTU4HMX 6inkis (IAP)
*DIAP-2,

*BIRC1 - NAIP,

*BIRC2 - clAP-1 (HIAP2),
*BIRC3 - clAP-2 (HIAP1),
*BIRCE - XIAP,

*BIRC5 - Survivin,

*BIRC6 — BRUCE (Apollon),
*BIRC7 — KIAP (Livin),

*BIRCS - ILP-2.



Mammals
Bruce/Apolion

ILP2

ML-IAP/Livin

Survivin

NAIP

c-lIAP1

c-lAP2

XIAP

Fruitflies

JomeHHa cTpyKtypa IAP y pi3sHUX BuAaiB opraHiamis

Nature Reviews | Molecular Cell Biology
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3aranbHa cxema yudacTi 6inkis poguHu IAP y anonTUYHOMY WINAXY Pi3HUX TBAPUH

Nemodes Mammals Fruitflies
Apoptotic stimuli

___Mitochondria

g AlF

Cellular targets

|

Apoptosis

9.

Nature Reviews | Molecular Cell Biology
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PerynatopHa ponb MiTOXOHAPiaNbHUX
anonTU4HuxX ¢pakTopis y anonTtosi

Casse-S
(p18/pl12)

v
IETD/S

- A o2

Procaspase-3

Procaspase-8 |

Y
Smac/XIAP
Caspase-3 Complexes
(P20/p12) N
Smac/
Caspase-6 DIABLO

XIAP
Autocate:lyj v

Procaspase-6
O

Prodomain v

Caspase-3/XIAP
Complex

Caspase-3
(pl17/pl12)
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PerynatopHi B3aemo3B’a3ku mixK IAP Ta miToXxoHApiaZIbHUMK anonTUYHMMU paKTOpaMm

mitochondria

A
E lﬂ

g C-|AP2

ISMAC| y D

OmifHtrA2)

serine protease \
activity

AP
!

nucleus

XAF1 o
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NMopiBHANbHA cxema
AOMEHHOI CTPYKTYpU
Kacnasu 8 Ta 6iakis FLIP

Caspase-8

c-FLIP

c-FLIPg

v-FLIP (EHV-2, HHV-8,
HVS, BHV-4, RRV)

FLIP (MCV/160L)

FLIP (MCV/158L)

MNature Reviews | Immunology
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IHribyBaHHA 6inKom c-FLIP akTusauii Kacnas 8/10 Ta iioro ponb y WAAXaX BUXKUBaHHSA

FH | cFUP .NF-kB
kB

|
Caspase-8/10
p22-FLIP
l & - E—EB
c-FLIP |= [f]Procaspase-8 KK
complex

v
S=
gene

Apoptosis substrates



MonekynapHa mogenb CTPYKTypu p35
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P1 Residue

g complex (C) Final Serpin-Protease complex

Cxema iHribyBaHHA npoTteas cepniHamu

- P1 Bond

, Schematic illustration of the inhibiting mechanism of Serpins

Tertiary structure of the inhibitor (B) Serpin-Protease dockin
P1
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Bnaune po3uwenneHHa Kacnadamm Ha akTUBHICTb NeBHUX ix cybcTparTis |

AKTuBauin IHribyBaHHA

*[lpoKacnasu, *PARP,

‘[MporeiHKiHa3a C (6), *DNA-PK,

*p21-KiHa3a 2, *bCIN peTuHOBNacTOMM,
docdoninasa A2, *IHribiTop ancouiauii
*6inkn HRE, GDP 4.

*DFF45 (ICAD).



Bnane po3uienneHHA Kacna3amMmn Ha akTUBHICTb NeBHMX ix cybcTparis Il

3MiHa nonimepusauii Hesigomo
*JlamiHun A Ta B, Mana PHIM (70 k4a),
*Gas2, *XaHTIHITUH,
*DoapuH, ‘Mdm2,

*AKTUH. ‘Hdm?2.



Ponb rpaH3umy B y peanisauil LUTOTOKCMYHOI BiANOBIAI IMYHHOT cMCTeMU
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73



PyYHKUiT rpaH3uMmiIB |
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Ponb rpaH3umy B y anonTosi Cytolytic
Effector Cell

Ca+

Ca+ ®e © Granzyme B
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Apoptosis
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JlomeHHa opraHi3auia KanbnaiHis

Classical calpains N

hCAPN1,2,3%,8,9,11,Dm_CALPA,B,Ct #

Non-classical calpains

hCPAN12,14

hCAPNS5,6T, Ce_TRA-3

c2

hCAPN10

hCAPN7, En_PalB,Sc_RIM13

*11L

palB

hCAPN13

T

1

hCAPN15, Dm_SOL q Zn

SOL

Tt_EAR84910

Tt_EAR94203, phytocalpains

AN

Tt_EAS05791

Tb_CAP5.5T Kac

<

Tb_XP_845452t

77



Cxema aKTmBaLii KanbnaiHiB Ta iX ponb y perynauii pisHux 6inkosux pakTopis

Inactivation

Actin AMPA receptor
APP Bel-X

Calcineurn Calpastatin
CycinD DNA polymerase €
FAK a-Fodrin

Ins(1,4,5)P3R NCAM
NMDA receptor  PARP
PKCaand 8

Nature Reviews | Molecular Cell Biology
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Death-receptor pathway [183a OCHOBHUX LLUAXY Mitochondrial pathway

anonTUYHOI 3armbeni
Intrinsic cellular stress
(DNA damage, hypoxia, UV, chemotherapy)
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Resting

Stress
Bad OCHOBHWUX = .
A * ROS and oxidative stress
CTYKTYPHMX CTaHU

, . ) ¢ Increased Ca’ concentration
MITOXOHApPIa/IbHOI NOpU * Misfolded mitochondrial proteins
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Matrix « TROS

Copyright © 2006 Nature Publishing Group 20
Nature Reviews | Neuroscience



Cxema y4yacTi MOHIB KanbLito y KMNEPEKNOYEHHI» MiXK KNITUHHOI 3arnbento n BUKNUBAHHAM

Apoptotic factors == IP3 generating stimuli

¢ TS

Bel-2 reduction
of ER [CaZ']

PMCA

inhibition Ca2t '&elease

e ~a

CHECRKPOINT
of APOPTOSIS

realease of stimulation of
caspase cofactors organelle metabolism

Cell Death Cell Survival
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HaamoneKkynapHi MiToxoHApiaaAbHI KOMNOAEKCH

Calcium buffering

Ca* Mutated SOD1

) ATP %
" O
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: - y TVDAC w

N

/ C a20
IV
ANT Complex ) J
I-IV-V ' ) ATP Protein
a-ketoglutarate and import
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Fusion/fission
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Huntingtin = s
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: Caspase Q QD W\‘ : ;
Apoptosis et O induction
Cytochrome ¢ Reduced ATP
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3arasibHa cxema OCHOBHUX NOAiN Yy o
MITOXOHAPIAX Nig Yac anonTosy Hﬁ \
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Intermembrane space

®

«HopmanbHa» posnb

LLUTOXPOMY C Y 9 ® @

3abe3neyeHHi poboTtun

AMXaNbHOTO NaHLora ® @

Matrix of the TCA 9
mitochondrion Cycle
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Mitochondrion

Ponb LUMTOXPOMY C MiZ Yac anonTosy

Nucleus
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MoneKkynapHa moaenb CTPYKTypu daKkTopa iHiuiauii anonto3y AlF
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[inoTeTyHa cxema poni AlF y HeKacnasHOMY anonTosi

Activated

calpaln
AlF cleavage
to tAIF
Bax actlvatlon
Pro-calpaln
MNNG NAD*/ATP

depletion .
& .
oligomerization Mitochondria

e AIF
° tAIF
¥ PAR chains




3aranbHa cxema y4dacTti ATM y KNiTUHHKUX npouecax
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Hopma Ta ctpec EMP

Golgi

: coated by
., transport vesicle

Cytoplasm
' P mature proteins
Proteins o |ER lumen
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modification
and' accumulation of
refolding misfold proteins

by proteasome
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ER stress

(1) degradation -~ L? % (2) UPR

Ubiquitin

(3) Apoptosis
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Accumulation of unfolded proteins in ER

Ponb OCHOBHUX l
CeHCopHUX BinKis nig yac
pCT ecv EMP & Bip binds to unfolded proteins and
pecy dissociates from PERK, ATF6 and Ire1
I
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Activation of PERK Activation of Irel
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of elF2o 1 induction of XBP-1
Translational Proteolysis of Frame switch splicing
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P rrs ATF4 PATFE(N) XBP-1
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3aranbHa cxema posi binkosux ¢paktopis EMP y anonTtosi
Apoptosis
N\ Mitochondria

Cytochrome C
o




misfolded proteins or
Cxema akuBauii Ta Aii alterations in ER homeostasis
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Ponb ATF6 3a ymoB HOpmMM Ta anonTosy

ATF6

Transport /

ATF6

No Transport l
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S2P S2p

N

Nucleus
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Ponb IRE1 32 ymOB HOpMK Ta anonTosy
misfold protein
ER lumen @ P

T S
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Intron removal translation l
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B3aemo3B’s30K Mix cTpecom ENMP Ta anonTUYHMMM npouecamm y MiTOXOHAPIAX




3ara/sibHa cXema y4acTi ceHCcopHux 6inkiB EMP y anonTuyHomy npoueci

Pro-@spase-al. %

APOPTOSIS

e

- Shortterm ¥ —
SURVIVAL +— (eff2f —i translation l:}) APOPTOSIS
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CTpyKTypu uunpodnokcauuHy (A), Hoppnokcaumny (B) Ta rigpokcmuxnopoksiHy (B)
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Buau KatencuHise

1.Cathepsin A (cepuHoBa) 12.Cathepsin O (yucreiHosa)
2.Cathepsin B (uncreiHoBa) 13.Cathepsin S (uucreiHoBa)
3.Cathepsin C (unucreiHosa) 14.Cathepsin W (uucreiHoBa)
4.Cathepsin D (acnaptunbHa) 15.Cathepsin  Z (abo X)
5.Cathepsin E (acnaptunbHa) (yucreiHoBsa)

6.Cathepsin F (uucreiHoBa)

7.Cathepsin G (cepuHoBa)

8.Cathepsin H (uncreiHoBa)

9.Cathepsin K (uucreiHoBa)

10.Cathepsin L1 (uucreiHoBa)

11.Cathepsin L2 (or V)

(uncreiHosa)



Ponb KatencuHis B Ta D y anonTosi Cellular stress

(lonizing radiation,
Death-receptor _ cytokine deprivation,
stimulation chemotherapeutic drugs)

BIMBAD
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' _gag o,
Lysosomal stress &2 NOXA
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) K . O —
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EndoG$ L°o°: @2 ° Cytochrome ¢ s,
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Q0o .
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Generaluzgd AR o , &» X
proteolysis Nuclear Apoptosome 8
translocation & Effector
caspases
Chromatin condensation
ROS production
DNA damage
Proteolysis
\ ¥
Caspase-independent death Caspase-dependent death
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3aranbHa CXema y4acTi i30CoM Y perynauii Wnaxis KNiTMHHOI 3arnbeni

Oxidative stress

‘ B- and T-cell
Staurosporine l receptors
Death receptors /
Synthetic «—— DNA damage
retinoids

!

Cathepsins

e
& *iBid
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CTpyKTypa uuTockeneTy

microtubules
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Ponb iHTErpuHiB y 3abe3neyeHHi B3aEMoaii MiX LMTOCKeNeTOM
Ta 30BHIWHbOKNITUHHUM MATPUKCOM

cell migration<—cell adhesion— FN assembly

1

FN - | ECM
e\ organization
ol collagen
tITG—@&2 thrombospondin

. fibrinogen
[ ]
actin £ | signaling
filaments £ proteins

cytoskeletal organization —>cell growth
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Ponb iHTErPUHIB Y NEBHUX KNITUHHUX QYHKLIAX

Migration and Invasion

p140CAP
Survival and J

Proliferation
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Cxema perynauii akTMBHOCTI 6inka Bim 3 60Ky paKTOpPiB BUKMBAHHA Ta NPOAYKTIB OHKOreHiB

i i MUt in Cancer iy

‘A
Caspases

1
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.. Survival Factors: FasL ~ Death Stimuli:
YyacTb BiNKiB POAMHM  Growth Factors, o Survival Factor Withdrawal

. Cytokines, etc.
Bcl y anonTosi
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Cytosolic
Sequestration

e ||
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O = PTQWUC
- = Pro-Survival

DNA dama
Genotoxic Sltgeess 105



MonekynapHa mogenb cTpyktypu AHK-a3un |

DNase 1
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3arasibHa cxema aKTuBauii eHaoHyKneasmn CAD Ta moaenb CTPYKTYPU aKTUBHOTO pepMeHTy

a
Nucleus DNA
cleavage
CAD-ICAD
cao  (ED
protein T
CAD mRNA ~  Cytoplasm

Apoptotic stimuli,
caspase activation

Ribosome
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CnpoleHa cxema WAAXiB HEKPOTUYHOI 3arnbeni
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MopdonoriyHi 3miHu nig
Yyac iHAYKUiT anonTo3y 3
noganblm BTOPUHHUM
HEKPO30M

Morphological Changes during Apoptosis
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bynoBa Ta PyHKLUii npoTeacomm

Seven distinct o—subunits , _4 Non-ubiguitinated peptide
encoded by 7 genes PAZ8/11 5"“'_':'3 -——_-—'__-'”/
Saven subunits (PA2Bafi
or PA28Y)
Fa2g
B Activated 205 proteasome
(205 + PA2S)

==l

=]

%Qﬁ\\*\x‘\;bb =hort peptide fragments

205 proteasome
28 subunits (a7B7pror)

Paolyubiquitin-
protein conjugate

n Feleased

PATCD pohyubiguitin
(¥} chain
b 265 proteasome
B (PAYDD + 208 + PAFOO)
Seven distinct f-subunits [
encoded by 7 genaes BA700
PATO0/M195
17+ subunits (6 of which
are ATPases)

\
Q15%-‘:::; Short peplide fragments
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MopiBHANBbHA cxema pi3HMX dopm aerpagauii KNiTUHHUX KOMNOHEHTIB

Phagocytosis

Cell or particle

Autophagy Receptor-mediated
endocytosis
Damaged

Macromolecules
organelle

Early endosome
(fusing with

Lysosome Late vesicle from

Figure 7-14 Biological Science, 2/e

endosome Golgi)

© 2005 Pearson Prentice Hall, Inc.
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Lysosome contains Food vacuole  Hydrolytic

active hydrolytic fuses with enzymes digest dopMyBaHHA aBTocI)arqumx BE3UKYA
enzymes lysosome food particles

Digestive
enzymes

Plasma
membrane

Lysosome

800 kD complex °e 0,
(Apgi2-Apg5-Apg16)*’s  LC3c%

(a) Phagocytosis: lysosome digesting food /4
S gAY . .
Lysosome fuses with Hydrolytic enzymes %gga @
vesicle containing digest organelle ev -
damaged organelle ~ components isolation membrane  autophagosome  autolysosome

Vesicle containing
damaged mitochondrion

(b) Autophagy: lysosome breaking down 1
damaged organelle



PyHKUiT Ni30COM B KNITUHI

Encocylosis
The Function of Lysosomes
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3arasnibHa cxema npougecis astodarii
> o @
'R \Os) -

a
o o O Autophagosome

Phagophore

Cytosolic proteins
and organelles
Hydrolases

¢

Lysosome
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MikpodoTtorpadii KNiTUH y cTani aBTodarii




OCHOBHiI 6inKK 31UTTA, AKI NPUMMAIOTb y4acTb Y aBTodariyHOMYy NPOLECI

Phagophore assembly site

Atg1, Atgg, PI(3)K 8;
Atg2, Atg18

Atg9:
Atg1 complex:

Atgi8:

2290

Atg2:

)

PIGB)K:

PidIns:

-0-"()@

Ptdins3P:
Atg12-Atg5-Atg16 complex:

Atg8-PE: o
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Phagophore:



Multivesicular Lysosome
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® Atgs ® Atg12 Q" Atg12-Atg5-Atg16(L) complex

o Atg16 : Atg12-Atg5 conjugate 9 LC3 (Atg8)-phosphatidylinositol
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[1Bi OCHOBHI UcTemMK KoH'torauii (3n1TTAa) aBTodarii ApixKaKiB

a Initiation b Elongation _ | ¢ Maturation
' ATGI2 conjugation system

Starvation signals

|

LC3 conjugation system

’
' w‘-----.o---c--.o.-o-------o---.---.
,'

Autophagosome

Nature Reviews | Immunology
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MikpodoTorpadii, AKi iNtOCTPYIOTb OCHOBHY ponb Atg5 y po3BUTKY aBTodarii.

+/+

AT

£ Autophagosome
# Autolysosome
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Cxema yuacrti perynatopHux 6inkis y aBrodariuHomy npoueci |

m— GMKLSV

MELSY =t + Atgd protease
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Enfosomef
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""" Miinz C. 2009,
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Cxema yyacti perynaropHux 6inkis y asrodariuHomy npoueci ll

< CHAPERONE-MEDIATED AUTOPHAGY>

Cytosolic protein

¢ N with KFERQ- amino acids
like sequence

+ LAMP2a
+ cathegsm

' + lv-hsc73 Q‘j\f

LYSOSOME

+ ATP-Mg™
CYTOSOL
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CTpyKTYpHi dopmynun BopTMmaHiHy (A) Ta LY294002 (B)

O




Cuctema «BMUKaHHA» aBTtodarii

H
stress

Cytoplasmic
p53 pool

Mitochondrial Unfolded

v proteins

Other
complexes

strees mTOR Beclin 1
complex 1 complex

Autophagic switch
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Ponb cuctem cUrHanbHOI TPAHCAYKLUiT B akTUBauLil aBTodarii

PI3K-I /Akt  MAPK/Erk1/2
Signaling Signaling

AMPK p53 / Genotoxic
Signaling \

ULK complex

Autophagy
Induction fm}’

Bcl-2 —— (Beclin’
__/ Membrane
Apoptosis Nucleation
O Sequestration

Autophagosome

y. Lysosome

Autophagolysosome
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Growth factor receptors,
Toll-like receptors

Cucrema PI3K/mTOR

PIP2
PIP3
Akt

FKBP12

Rapamycin

@ ®

4E-BP p70S6K



CTpyKTypHa dopmyna panamiymHy
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3aranbHa cxema iHAYKLUiI aBTodarii

Medscapes www.medscape.com

i
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¢ iy
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lvsosome
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Degradation

sourca: Meurosurg Focus @ 2006 Amencan Association of Meurchkogical Surgeons
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CxemaTunuHe NOpiBHAHHA NpoueciB aBTodarii Ta anonTo3y 3a emb6pioHaNIbHOrO PO3BUTKY

a Neurodevelopmental autophagy

Nucleating
autophagosome

Control of early neural plate proliferation
Neuronal differentiation, axonal growth
Neural tube closure

Neurodevelopmental apoptosis

Active

> 9
Inactive Actiy

Mitochondria-dependent apoptosis

Neural precursor cell selection
Control of the number of immature postmitotic neurons
Neural tube closure
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Ponb 6inkis Bcl-2 Ta 6ekniHy y perynauii asTrodarii

N
D —F—
o ol

Stimulation
of autophagy

L

Inhibition
of oncogenesis

Cancer Researeh Reviews

AR
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3aranbHa cxema iHAyKuii asTodariyHoro waaxy pocroeumu pakropamm

Growth factor —-o

Growth facter

Copyright © 2005 Nature Publishing Group
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THKi i Stoee | Bacterial A Viral
Ponb NpoTEIHKIHa3K PKR imoéqna: SIess | infection Ao infoction
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MopdonoriyHa KapTuHa y m’a3eBiil TKAHUHI 3a XxBopo6bu [aHoHa |
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MopdonoriyHa KapTUHa y m’A3eBill TKAHUHI 3a XxBOpo6u [laHoHa Il

S - AT
: & -,
N ‘ ’7 B




MiKpodoTorpadia HeMpPoHiB 3a XxBOpobwu MapKiHCOHa
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Cxema npouecy 3HEeWKOoAKEHHA CUHYK/IEIHY LanepoHamm

Non-toxic o-synuclein

conformations
4 | A -
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..................... >
o-Synuclein Lewy bodies
protofibrils ) l
(oligomers) &t
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Motor impairment
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IHAYKLIS KNITUHHOT 3arnbeni XaHTiHITUHOM
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Cxema OCHOBHUX NpoueciB Yy HEMPOHaXxX 3@ YMOB XBOPOOUM XaHTIHITOHA
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YTBOpPEHHSA aminoigHux Tineup Ta mikpodoTorpadis
KNiTWUH 3a XBopobu Anburermepa
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dopmyBaHHA aminoigHnx ¢ibpun
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MikpodoTorpadisa KNiTUH renaToKapuMHOMMU




3arasnibHa cxema perynaTopHuxX 38’A3KiB MiXK anonTto3om, aBTodarieto Ta BUXKMBAHHAM

Apoptosis »Type | cell death

/ [®

_ _ Caspase k.d./
Mitochondria BAX. BAK k.d.
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Stress BH3 proteins
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B3aeMo03B’A3KN MiXK anonTo30M, HEKPO30OM Ta aBTOdarieto
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