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CyclinD

Cyclin E

Cyclin A Cyclin B

a1, AZFIiol whE cyclins®| wd

59 HFR Qele] AELF7Ne] Zefe] AEHW
mid Glol|4 D-type cyclins (cyclin D1, D2, D3),
late G1 E-¢toll&= cyclin E, S phase <ol cyclin
A 18] 3L G2¢} mitosis E<lollx= B-type cycline]l 2+
24 ek RSOl (Fig. 1). AEFA] ol
A3l A 7ol] o} A cyclins B2 A|EF7)e] W
shol] 2 gk WbA] okx 3 PR okow
%]o] A+ cyclin-dependent kinases (CDKs)E3} E-o]
Ao g ZAgslo] CDKs9 34 7e& =A4ghe

A AEF7A el 1 AghS: ghet. YollA] AF3E
HE o]g]gt cycling9] FHEVQ] CDKs+ 34 o
A3k ol kA AR EAEA EAls=T
7FE growth factor®} 2=l Q)] 1 Wy o] <7k

e WE e Ao ¢HA Sk

Cyclin-dependent Kinases (CDKs)

ATF7) 28 7)ol D AFE AT KR
A A2 HE] AAE At Hartwell 32 3
Hollx €] Start transition®] ZFo] cdc28 - z2})
ARzl o] doldrh= Z1E WAL Nurse &2
G2oll4) M phase&2) MEF71e) A8ho] cde2 F7
A}e] AbEol 93l zAR Itk A St
3} Xenopus oocyte] A-ol|A meiotic A|ZF7]
2] AYEL AFslz #7148 7HR] shiE Q17
B2 ubAseli=d], o] child$ ‘maturation-promoting
factor* (MPF), B3 o] o] wluljZl o] A2l 4]

9] od8g 7holsle] ‘mitosis-promoting factor* k3L
e} MPFS] 713 2412 oocyte?] meiosisZHg
% G2EHFE] M phase22] Fejoll L2l Zlo]A]
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splo) okt

cde2fcde28 AR = 32-34kd =U)e) A S
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Z 247 Mle AEFT1Y 2 dAlllA] Fadt 2
82 b= Ao HoiArh o] §27 familye] 4k
52 5o AL Z7 fde HkEA
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medElgde} (Fig. 2). E4-5EAITNA o) F family
Z CDK2, 4, 6= B Glo|i} S phaseoll4] oI5
3= v Cde2: o} CDKEFHE 2] mitosisol]
A 1 AGEE e AoE dHA gk

MPF2] 714 A2 AEF71EE 1 ol
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A A 715s1A] Flgdel. MPF cyclin (cyclin B)-
AZE mitosisE Q1E3E] glo)A 1k HE&-E ¥
+ uhd, o2 cycling (D-type cyclins, cyclin E,
cyclin AYE AEZ719) 7} phaseS R Ysh=vl 9]
of Ardoz eEolAIt &, FHEEAENA
cyclin B¥ mitosisE §)slo] HeHQl Qio]w,

cyclin AX S phase& =Astu], cyclin D3} cyclin E
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Il 2. CDKs2t 7|3 ciui Al
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) Regulatory Putative
Kinases ,
Subunit Substrates

Cdc2p34 Cyclin A & B Rb, Nfhistone H1

Cdk2 Cyclin A E & D Rb, p27

Cdk3 Cyclin E E2F-1/DP—1

Cdk4 Cyclin D1,D2,D3 Rb

Cdkb5 p35 NF,Tau

Cdk6 Cyclin D1,D2,D3 RB

Cdk7 Cyclin H Cdc2, Cdk4/6

Cdk8 Cyclin C BNA poi U

Cdk9 Cyclin T Rb, MBP
+ Gl phases F3lo] ERFTEANEY] AEF7A complex?] & #AE 9jslo] 77t ApHo
Wg =A% BE cycling2 cyclin boxzhsl & oEojA} (Fig. 3).
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cell cycle cyclin-Cdk inhibitors
stage complexes p15 p16 p18 p19 p21 p27 p57
G1 cyclin D-Cdk4/6 + + + + + 4~ A
G1/s cyclin E-Cdk2 - - - + 4+ o+
S cyclin A-Cdk2 - - - + -+
G2/M cyclin B-Cdc2 - - - + - -

28 4. Cyclin-CDK complex2}t CKis

£ cyclin-CDK complexoll tiat S A|¢lA}= 2}
ol ek 0 2 CKIEE A|EZ4]E negatived
Al 288 94F0 A wme AAFA AE
37k 234 el (quiescencel} terminal differentiation)
ol 1 WHgo] fEEo] A= AoE deA vk

Aggutel Zo] CKIES Wl AlE57]14 A
WE AFskAY AARBLE signalEoll o8 AlES
7l 24 713 dAsAl sl gloh p27
mitogenic factorol] 23l W& o] lA|x]31 TGF-bo}
742 anti-mitogenic factorol] 2Jal W o] G =},
p212 mitogen factor ¥ub olle} t}E E£5H9)
sk, dlE Eol  p2le
DNA-damaging agentol] Hh-g-3lo] 1 ¥&o] F7}slk
t}. DNA-damaging agentol] &]3} p212] W& Zr]=
p53 olghE % AAl AR Bl gEHolng
p533} A% DNA repairE 93t A|E7) 24 7]
Aol glo] p21¢] Wt AFHQl e 4wsr Azhel
t}. p212 CDKsE9| 715uhs AAlsls 7ol ofy
¢} DNAQ] leading strand®] 2Alel] ol
polymerase d ¢} 24 Zgelx}e] PCNAS] A&t
A (replicative avtivity) B=gh olAigcl. 1ev} p2l
2 PCNA$] gap filling repair/synthesis 7] 24|
kA Fale Aoz gz, o] Az p2io]
DNA7} damageE WH9L-S ull PCNAS] A4S
Ao 24 DNAGHI S 24l Folsls Ao
2 AZ4=ARE DNA damageol] vE-3-3lo] dojih=
DNA repairol]412] PCNAQ] 7|52 AlslA oke

o]
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signalol] =

© 24 DNA repairy 883l 212 9ulgch
G1 phase® T&Bl G1/S Transition

Cyclin DI-& nuclear protein® & o|72] wl&2
G1 phase<] Zlejoll glo] Hp2iQl 71 & & 1t opy
2} rate-limiting factor®A] ZF83sl Ao o AR
t}. £, cyclin D12 3} whespbH G1 phase?] A|7¢o]
vhx] &= Wb, G1 phase Z7]oll cyclin D1 antibody
£ microinjectiona}od cyclin D12] #-8-& 233l
AEEL S phaseE Eoj7}A] Fali AEFIE
WA} o] ZHE & gl A cyclin D19]
mid-G12) AP-S zAslo] AEES late-Glol] o]
2 3}a, o]ul] ¥ t}E signalo] Zh-8-slo] S phase
29 AYg A=At Zelet. Cyclin D19
3229l SFEUE CDK4g} CDK6ol™ o7l 2
A8 CAK (CDK Activating Kinase)ol] &&f] Z72%]
T A= guA ek

Cyclin D1-CDK42] % 7]#L retinoblastoma
gene product (pRb)2IEl] pRbi= transcription factor
ol E2F9] #A)g =4dsl= 2 # GUS transition o
379l o3hg gl E2F= DNA 4ol A
g FAAEY AAE A= A =24 A
2 43A gled of7lell prRb7d AgtelAl = A
A QQzRLEA 9 J)se] At R E2FE & ¥
A5HA)7]3= pRb2] 7152 pRB AAl2] Q14kst e
o} e} =zAEt} Cyclin D1-CDK4 complexy- pRb
o} A4 Z3gtste] mid-GlollA] late-G1E]F o5 <}
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A1t slzvl olFA pRbZ} ) Qlabshsle] E2Fe}
AgstA ZeAEM, A45A Y E2FE S phase s
Steto] B4A A WA 22 e
o] AZEE7]%= GI phaseol|A] S phase® ZlsislA)
& Aoltl. 1 ¥ &, cyclin D1-CDK4 coniplex 2]
J1EA2) 7152 pRbE 914147 pRBE] E2Fo
A S9e B g oz Azud
(Fig. 5).

EFEEAEANA cyclin EQ] 92 cyclin D1K
ob A dofjudeh. 18] 3 cyclin E-CDK2 kinase z+
AL AEZ7L S phaseZ Eol7}r] Ao o).
Cyclin E E=3F cyclin D13} wp7}A) 2 3} ksl
Gl phase®] w8 ofr|sls, g2
sto] L 716 Wellehd AIESL S phasez So
7WA Flar A EF7E A ARG Cyclin E &
gk CDK2%} complexS- BHSo] pRbE 3ol 4ks} +f
TR 4 B2 158 2sjel AEFAS] A9
%518} (Fig. 5). 18y cyelin DIk 2] pRb
7} 715S kAl Eali= AlZe GUY/S transition o] 4]
Y ocyclin Ev= o] @4Eo] Ay, o|AL
cyclin E-CDK2 complex7} Cde258ts chulzle
Abstetol LAStAZIEm R 2] S phaseo] Yol
A3 3] WiEel Aow WzE R o}F o
S g AL Qe b gk

I~
F

<& microinjection

ol rE r

S phase9l &3

AZEF7]9) S phase Asfol] Holzli A FE )
I A= cycelin A9k CDK22 g#(4] v} (Fig.
5). Cyclin A%} W3} 4L late Gl} early § %
ol F7kakdekzt mitosis EQbell 7haeli=d),
vivool| AL} cell free systemol|4] 2] A¥A Z7Em
olell cyclin A¥= DNA 3HA4e] zAo| Trofdtelw
&d#A vk S phase Z7lol] WHR) cyclin A%
CDK2¢} ZAghste] CDK29] #4118 =4z} A&
7HA} eyclin A-CDK2 complex2] #2138l substratet=
U QA kot replication originoll 4] single
strand DNAol| Z3+3te] DNA @4 %ol DNAS] =)
AL WAS S replication protein A (RPA)7}
Aoz AZkEck ¥ cyelin
A-CDK2+= S phase -5<F proliferating cell nuclear
(PCNA)9} o]Z6] DNA
replication originoﬂ X sk Aeow deA 9ok

olelgt R ERZ & uff cyclin A-CDK2= DNA 3
4 IHAollAl L A8 slo] S phase] AePe =4
sl Aoz Aggnk gz} cyelin A-CDK2
complex 7} replication factorE Q1A4&lslo] 1E9]
B ZARR in vivooll A2 HHAQ FAL

ob akeiAA) ehx ek

7}58F substrate

antigen complex&
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G2/M Transition

G2 phaseZHE] M phase22] Z8PS a4 =
B-type cycling29] idlo] HsHom o}
Cyclin BS] W82 early G2ollA Z7}3}lo] late G2
9} early M phaseoll ] 7} A Yelhd} (Fig. 1).
G1/S phase transition-2 9|3l cyclin E &} ZA3gtslo]
245 vehll= CDK27F Hadh AXE GyMe)
A AAE cyclin BY Adstol BAL e}

= Cde29] EA7} Aol Cde2e] AL
cyclin BoFo] Zgtol] ofafja] ¥ ut olg} Cde2 =}
Ao Qagl FEolw Jekg W=tk & Cde29)
Tyrls 2717 & Q148 9 AFelollA cyclin Be} 7
3t 7-follnt Cde2s A4S AT w2 A
L7 E mitosisE A3) 7VsslA] Aok Cde2E o)
$lsto] 1 A2 24} = kinasel Weel 0.3
# A 9l=u] Weel-2 A|*E7} mitosis® o]zt 4=
= Z70] & w7bA] Cde29] Tyrl5s #71E <4
3lato] 1 SHAS A3l Weel IEZL mitosis E
gk 1 BAo] ojAls]o]x]of sli=ul, Weeld] & 3
AE fsle]  AgelE kinaseE2  Cde29}
nimlfedr S22 %A Qleh. o|FA QlAk3tH
Weel-2 late G23} mitosiseQF & 24315 Agz
FAF oI RIet. Cde2oll it Weel] 23} uhtha
Zh83to], AEF7]E G2EHE] mitosisE A3fsli=
v d&-g sl= <AL phosphatase®! Cdc25 o)
t} Cde25= Cde29] Tyrls #A7]1E & ¢l A3)slo]
Cde2E #4438} & Late G204 Cde252] 24
SR Weeld] 4 oAlslo] Cde2r} o
QishE AuR GAdEug A AEFV)E=
MitosisZ Z1es}A] == Zeo|c} (Fig. 5).

Cyclin B-Cdc2 complexi= mitosis 5t Al EofjA]
olthe 2 WaE 2qsh ST TS
7 A% Al Cyclin B-Cde29] A=
metaphase S Ea}o] Aoluh, ol el ¥ WA
anaphase® vk3l AEollA Slolihz Ao BeiA
=l o] A2 cyclin BE] Hafjol] o]&Hel Aoz
HojZle}. Anaphase EQboll ViER= cyclin B9 &
242 ubiquitin pathway S E8lo] dojil=t) o]
742 cyclin B-Cde2 complex Z}H|7} anaphase 4t
7191l ubiquitin pathwayZ A}Fsl2Z & -1 #}A19

0 M
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B3 E 2H3le Aoz oA
Cell Death and Apoptosis

Apoptosist= A|E ¥l Tz H ASE
o ofe] A4 2 S WAz 4ol =
Hlo] doluh= 584 deatho]w, I A F
A= apoptotic body F& FH9] AEE} f
A3 (macrophage) S-9] A AE 28l 93l AA
Howr, 4% (Inflammation)S FEskA] okert.
Apoptosis®] e, AFg|H EROZE cytoplasm
shrinkage, blebbing,
condensation, DNA fragmentation, A|Z2}-g o]Z =
A2l phosphatidylserine2] A|E LM Fo] 3
apoptotic body &4l Fo] Hix]o] gic} vl A
ZH A= oA 3o st o F43] Uo]
U 54 55om, odalAe] irregular clumping
7} A|EA ] 5% (swelling of cytoplasm) T3-& A
AA =i, HEFHoFE AEES BAE B3l AE
1 (cell debris)o] AAE| 5L, o]Fo] AFE F
3lA et (Fig. 6).

Apoptosist= A2 ofe] F4H BelH &
ollAl 4l ). ¢S S, Apoptosisi= A
Ae] 7] AAThAlNA #EE= ofe] Held W
k7t (morphogenesis)¥ WA = A7 A0
functional self-organization#}AollA] £Q3F dd-&
wddteh wgh Alo]l ¥ o]FollE  tissue
homeostasis, A3 9] =A €45 AEQ AA,
744 (infection)oll thdt o] 7]zto 24 Hapzlo
2 283} Apoptosisi= ofz] A5 Wby
A= Zlo] Frofal=v]l v]F A=l Apoptosis®] Y
2 BB R 7343 (neurogegenerative disorder),
oA o]AF (immune disorder), 71| Az A
A%} (cardiovascular disease) 52] 4¢lo] = 4= gl
o, Apoptosis®] u]AARR el olAl= kel Yelo)
g ek AZAH] AaA Q) - olA W
ojif v e g WAL olAlEle] Vel
AL E] ApAls] AR, ps3, pl6eg) Bel-2 5
o] A7 o Whdoll 93] === $HE, HIV,

Herpes 9 influenza vlo]e] 5ol 93k 7ed= 1
TP

S o 8

membrane chromatin

e H



A232 kel el ety ol g, 2002 63P

Apoptosis vs. Necrosis

a8 6. Apoptosis 2+ Necrosis

2]l3 9 (Type 1 diabetes), Fulel~ FAS]
(Rheumato®¥ arthritis), v 7ZA3==  (multiple
sclerosis)¥} 522 (Myasthenia gravis) 53} 72+2-
Zp7beded A3l (Autoimmune Diseases)&e| t) =
gl stroke/Ischemia, Alzheimer’s disease, Parkison’s
disease, Huntington’s disease, Amyotrophic lateral
sclerosis 3} 7+-8- AAlE Al A3} (Cardiovascular
dlglzlo}  zZredzml,  Ocular
Disorders, Osteoporosis, Cystic fibrosis 52 A3}
5 #eEEe] gl Aeg HasEn gk o]g} o,
Apoptosis—b‘ A el cheksl Ae] 28-S

R 58 o

Diseases), L8]

A /Kl—?ﬂ o

Apoptosis ZHEQLIXIZ

sjae] ofe] AFEe] kel 28l
S gk a%}m} Aol FFul el whel,

g AEAE ATATAYE 4T
A ek At Aod %Z}ﬂ ATE Fotol AEA
W HAe FEAAN, 2AY F Ok ofE) AE

Aol wslgleh g Eu, TNFR (umor

necrosis factor receptor), CD95/Fas/Apol, DR (death
receptor) 3, DR4, DR5, NGFR (nerve growth factor
recepton)9} 7E-2 AE FEA|t olEe 2=
(ligand)%, p53, pRb 4l CDK inhibitor®} 7 A3
Z7] zAAE, calpaino]t} caspases} 7 whu
A B F4Eo] Apoptosis Bl A|EA ST I}
ol] Zrodsle). Bel-2 familyol] &

T AlEAENA Fadt "%%LF ghet o] E %, Bax,
Bad, Bid, Bcl-XS 52 ApoptosisE EAsl= 9%
< b, Bel-2v} Bel-XL

Sl ole] WA

Z2 ApoptosisE o Agk
t}. Apoptosis®] Al ATHE d4

o AL Ak

@l caspase
IAP (inhibitor of apoptosis
protein) w215 (DIAP, HIAP, XIAP, NIAP 55
t)ZAel  Apoptosis HAQIAEelLE o] gl
ROS (reactive oxygen species)t} NO (nitrogen
oxide), cell adhesion proteins, PI3K B Akt <lAFst
FA4E. e|a, unfolded protein responseol] Frofs}

e

= cluwlASo] Apoptosis IS A ZoE
@A et (Fig. 7).

Apoptosis¥}HA 2 BAASER 72 23
Arel el glo) upitel AWEAeNA vz &
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Cellular Factors Modulating Cell Death

Cell Surface Receptors & Its Ligands

TNF receptors
CD95 (Fas/Apol)
DR3/DR4/DRS
NGF receptors

Cell Cycle Regulators

pS3
pRb
CDK inhibitors

Proteolytic Enzymes

Calpain
Caspases

rr

a7 7. ApoptosisE =S QIA}

i

Bcl-2 Family

Bcl-2/Bcl-XL
Bax/Bad/Bid/Bc¢l-Xs

Inhibitors of Apoptosis Proteins

DIAP
HIAP
XIAP
NIAP
p35

Other Signals

Oxidative Mechanisms: ROS/NO
Cell Adhesion Proteins

PI3K/Akt signaling

ER Stress: unfolded protein response

Programmed cell death in C. elegans

cedd —| €43 | el Death

ced-4

a8 8. Programmed cell death in C. elegans

Aoz HEro] grk 53], Apoptosisol] A3t £
Z}FABE8HA ol JL=Caenorhabditis elegans& o]-8-3}
ARl AE B3l E Aol o] Foizich
I MITE] Horviz 152 C. elegans®] Apoptosis &
2R HQ Wstel] whel ZA] 4chAIZ Wra, 7hztke]
HAlol] fedsl= C. eleganse] FAA} Wo|FE5S
Holulol, $A8E, BAYLH Q72 Fopol
ced-3, ced-4%} ced-9 52 §-A27L Apoptosise}; 4
A wHgs wslold (Fig. 8).

Ced-3% Z &7 ZEAllsl= ICE (interleukin-1b-
converting enzyme)®} 72 cysteinA] luRz By
Ba59} Fad, 5o A4S e A

2w ol ¥, THEBAMZNE ol ICE-like

A

protease5o] EAgte] siElglon, Az ojF A
4 TE& caspase(CysteinproteASE cleaving after
ASPartic acid)g} 3kl AZ7HA] 14%FF o]4e]
caspaseEo| WAE|r) o F Tl BT AELS
FEA2F proenzyme HeE uHEolAw, 4}
IAelA] hulE Baf|abge Esle]  pLlarge
subunit)?} pS(small subunit).© 2 Awls}al, (pL/pS)2
o} tetramerE FAdsto] FASECh (Fig. 9).
Ced-99] Ef A|EQ| Bel-29t AR 8L
1= Apoptosis®] AoIRlZ ¥l F o, Ceddi=
FhEE AES Apafle] fARAZ FHElck
Apafl-2- mitochondriaol] 4] €] cytoplasm .2 WF3:
%l cytochrome C¢} Z&slo] caspase-92] ZASHE
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Proteolytic Processing and Oligomerization of Caspases

Prodomain

Large Subunit
{pL)

Small Subunit
(pS)

Proenzyme

Self-association

Active Enzyme
(pL/pS)2 Tetramer

7% 9. Activation of caspases

Frgel

WAtk AT sdese  uaw
Apoptosis®] A1Z7} AE WEE ALEE= Hgol
AAA o 2w A oA Hokis weldEe] 1
3} FA oA Lol Apoptosise]w], 5], TNFR
(tumor necrosis factor receptor)v~ (family)-& E3F
Apoptosis -F = ZpFo| A QIfE|oigic) ol & 8-
e s8R AL ool ¥ N B
ol cyteine-rich 25 zkaL glo], o] F2E E3}
o] ztzkel P T(ligand)EF WL 4 9}
TNFRy-ofli= TNFR1€} CD95/Fas/Apo-1, p75
NGFR, CD40%°| <3}

TNFR13} Fasi= 5508 AE4 dgkor w
Z% 58]0l death domaino|ehs FL2E Z1 glo]
A, o1& Za&l AL ol ANl death domaing
s} o} A=

s
=

<

i

7} wlulz. el A Aele

k. FEAET AT AES sk death

domaing Z3 9l AET JE chlA S

Pof
031 210
_‘}, e

E:

FADD (Fas-associated death domain protein), RIP
(receptor-interacting protein), TRADD (TNFR-associated

death domain protein) o} it} (Fig. 10).

Fas& whalsls A)E9] 2)Holl 4 Fas-L7} Fasol|

7Agtsbd, Fase] 2491 w3yl doluvt o At
A)E YHNAE Fasel FADD7F Z+2be]  death
domaing Fsto] A=Al Faset AR
FADDY: t}4] FADDel| Zxsl= DED (death
effector domain)-& £} caspase-82] DED3} At
slAl el FADDefe] Zghg Gato] &Askd
caspase-82 TU}E  caspase 5% TATA|Z o 24
ApoptosisZ F-53}4] =}l 8k, Fas= FADD-
caspase-85 £33 A EAE o] 2joll= Daxx/DAP6
(death-associated protein 6)9} Wh2-slo] ASK1e] %
e zAFoEH ATAULE §EY S ok
Z, Fas®|] death domaino]] Daxx¢] C-2et 297} %
% whgsto] Daxx7h EAJ3kE 51, A8 H Daxxe
ASKIE #A3tA7lo=Za INK/SAPK 3 p3
kinase A1 EHEAE LASAA AFAEE HAS

2
4 9t

[o ]
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FActivation of the Caspase Cascadej

l

DNA fragmentation

712l 10. TNF-induced apoptosis pathway

TNF7} AEqtel] Faffsl= TNFRel] ZH3sbd
TNFRYE homo-oligomerizations S8 2A4shshd
AEA EAIsl= TRADDZ} TNFR2] DDY-$ell
AgslA =k TNFRS) A3E TRADDO| thA|
FADD7} Z%tslA] =5t = 73} caspase-80] &4
slsich. k3, TRADD-TNFR1 Al TRAF2
(TNFR-associated factor 2)9}% #h-d 4= 9lom,
TNFRI-TRADD-TRAF2 8 H3= NF-x B} 43t
=2 2247|741}, TRAF2¢]] thA] ASK1 (apoptosis
signal-regulating kinase 1)o} 723¥Fsle] INK/ASPK
(c-JUN N-terminal kinase/stress-activated protein
kinase)9} p38 kinase A& TA-G AT 5= 9ok

1990\l <4k, Ziaodong Wang 152 HeLa Al
% QARdeel @S AEA FEUE-100
cytosolic supernatant fraction)ol] caspase-3E #A]3)
A7 4 e SeiABo) EANE s 2
SulEchn g ol gt il EelEE Selel
ZA7be) WSS Reltlod o5 Apafl, Apaf2,
Apaf3 (Apoptotic protease activating factor 1, 2, 3)&
ulslgdel. o]& % Apaf2: 15 kDa®] cytochrome
c dhsA o 24, Apoptosisol] n|EFTERlolr} F

Egle
cytochrome c7} W] EEEol2RE AEAE WE
" F 9go]  wheipch =3 Apaf3w

Q3 oAge g3t #elsA

= AT
caspase9/Mch6/ICE-LAP6 2 FHH =gl o, caspase9
2 caspase AT A FA o)A initiator caspase:E. i
2510] caspase-3E-2] downstream caspase 5= A4
S A7S Felslgie). g, Apafl2 130 kDa2| A

S Pl 2.4, N-terminal 85 ohn) =it B9 C.
elegans®] CED4¢} %2 454 (homology)-2 L}ek
W Aoz AMEgc) o5 AF AAE FY
3] 2o, n|EZcglole] intermembrane spaceol] &
AsIE  cytochrome  ¢7}  AEAZ HEEW,
cytochrome C7} dATPL} ATP Z7) slollA], Apafl3t
AgstAE ], 2 23} cytochrome c/Apafl 7A8HA)
oll caspase9o]| 73l 3l o 23 caspase-99] FA3L
953t} caspase-9-2 caspase-3 52| THE caspase
=9 A7 o ZH ApoptosisE FE5HA Hrt

27 QTR Apoptosis 24 Foll HIETES
olelgrE AEAZ WERE E shid Ty

gl o] whAR)9lrh. Smac (second mitochondria-

derived activator of caspase) $-2 DIABLO
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A% 4 9lgol AsIsich

ofu] gfoflA] AF&k nke}k Frel. Apoptosis Ap=
(apoptotic stimuli)ol] 2Jsf] m|EZ=glo} R HE] cytochrome
C7b sl
apoptosome A& £l Apoptosis7} 52 4 QL
th zzel}, ol AH|Zo|A& cytochrome c7} A3
Az pEwlo] = AEAH] dolubA] ok FAto]

Bz eh o]y IAPEH= clw A Eo] caspase 53 2

cytochrome  ¢/Apafl/caspase-92]

o

7 oA 7] wFolch. oleldk 7% cytochrome
2} 37 Smac/DIABLO7} A|ZA R HlEx]:= A
of| 4= TAP9] EAY sloll A % Apoptosis7h 215 ch

g =glotol| 2] AlEAE iy wE e A
FAY  zAckalAZ AIF  (apoptosis  inducing
factor)7} ). AIFY= PDCDS8 (programmed cell
death 8)& % E-gjo] 2] 57 kDa2] flavoprotein & &
2], vre|glo}2] oxidoreductases®} FAMAS 7FAIH,
270€] mitochondrial localization sequences®} 27H2)
nuclear localization signalg Zkil it} w|EFZg]
ole] intermembrane spaceol] EAs}E  AIF=
Apoptosis A1%ol| ozl AlZAR o] F=, o] T 4
X ATFE= slo g o]%3te] chromatin condensation
o|i} large scale DNA fragmentation-& 252138k}, o]
o). AIFE cytochrome c@] HHE, n]EF T glo}
9] transmembrane potential©] dissipation, A1)3F}of]
2]9] phosphatidylserine®] H|E e|H-z2o] vZ& 55
Z7}A171e}. o|#d3t AIFS] 7|5 caspase inhibitor
ol olelial AAlEA ghFo g mFo] Hol AlFe
o# §-%% Apoptosisoll= caspase”} FrowlA]
Fe Ao 2EEh

o9} o], m|EF=elolE E3F Apoptosis TH
2 caspase-dependent pathway®} AIF-dependent
pathway® & 4 9r}.  Caspase-dependent
pathway @] 73-$-oll+=, Apoptosis At=of| 23] w]EF
=glo} £7Houter membrane)e] permeabilization©]
S 5% 31, cytochromec7} A|¥E2F wlExlo| Apafl

vho] A Esloi caspase-9-2 caspase-35 FHA S}
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Al7]31, caspase-3%= ICAD (inhibitor of the
caspase-activated deoxyribonuclease)E ¥+t oJ#
71 Ak A 5o Arksto] ApoptosisE FAsHA
t}. CAD (caspase-activated deoxyribonuclease)$} 7
kslar 9)¥l ICAD7} caspase-3ol| 2jsll Arlzhd,
CAD7} S43teto] dloll EABHE A DNAS
AHeldto #4] DNA fragmentationg -f-5314 k.
caspase-dependent apoptotic pathwayi= proapoptotic
Bax, Bid$} antiapoptotic Bcl2, Bel-XL5-2] Bel2 ¥+
9] ghullAE cytochrome C, IAP, Smac/DIABLO &
o] oy xhAZe] o =AHck  wbdel,
AlF-dependent apoptotic pathwayi= caspase cascade
= FaslAl ApoptosisE gl AFEAEE
SHAF= Al 93l AIF7} mlEZE2lofellA
AEA e Wog olF%w, large-scale DNA
fragmentation, cytochrome ¢ B} £-7}, phosphati-
dylserine®] A|Z e|H-2e] =% F7t 59 diol
PRE e, ATFe) 9% o]k Wiyl ojH
A2E Belo] wAlEl T 2 AR E A9 AEIHE

obAl E-hrdslct
Caspase cascade EN3} =2

ool A} glFslglFol, caspase cascade®] B3t
S} felelo] T 7pAQ fo FR7F FHA Uk
g AR AZeboll e ARtEE AREA ol
o7 TNF - Fas Aol 93t caspase?]
A8} Aol thE shi nEFseofell AN
Bl A ARRA UVEe 2Bkl 2%
caspase?| A3} 7 Zeolrt

0|9} 7+ caspase cascade 4] 3lol] Tofslz
AR e ofe) b shiA Sl ojs) 24
= 4 glrh of]& Fol, c-FLIP (cellular FLICE
inhibitory protein)& FADDel| 2|38} caspase-8] 2
AeE AA18 4 ik ¢-FLIP-2 CFLAR (caspase8
and FADD-like apoptosis regulator), I-FLICE
(inhibitor of FLICE), CASPER (caspase-cight-related
FLAMEI1 (FADD-like  antiapoptotic
molecule 1), CASH (caspase homolog), CLARP

protein),

(caspase-like apoptosis regulatory protein), MRIT
(MACH-related inducer of toxicity) B 2% A4#{%]
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chall 22 FADD®] DED (death effector domain)
¥} §A%F module®} caspase-82F -F-A}gl protease
domaing Z+31 9lr). 2}, c-FLIP-Z caspase 24
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