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ARRE QMO T R A EERARERL, X ¥ PS3EMNBIRHERRE T A% HGA

&)

REER BWE; P53 A

H W& (autophagy) i@ L WA B (45T B & L5 B
WA, SKIAL4H o Py 40 PO 45 # IR B 30, Rt BRI R Y
HAHEFFHELSAT AR, BRANSE I &R
FFHEMREET. ER2%. KE. AR MLEE
HEFE, FIE B RRE R R ] R O I B
MEBITHRM .. VRS ESMREERENY., EF
k, FRAKIN, BS5THREMRESRE, P
P53. PTEN i Beclinl SMEERNARTRETE
EEM. I AR SMEMEIER P53 MR RE
E—&ik .

1 B

4B B WO E A TR MR E, HXUEEE,
B RN B ARG N SRR B
B WA SR SIS RS ARLE, % AR B MM R
WEAN, BRALKMBEEMEM. EFE9RET 50,
FREZHADENEEREZHINEZEZNA M
2, U4ERF AR IR R, BMIAENBIMRE, ¥l
BRI, EEMMET. BaTHHRIAA,
AR B AR A K — PR AE AL, R4 Bt T
K—F7, BEERN BB IETC,

BRI SR — VSN IR, BMEFATG
(AuTophaGy) & FCAHXT M () 8 U Atg ZEX R R
ETEEMER. IIEA 291N ATG EFEBIRA, X
ZHREFNEEMEHRAEE AL (cytoplasm-to-
vacuole targeting, Cvt)i@2Fr3t FHRI(E 1 ¥). Cvt
BRERFETEEERE I —MSRAEEHERD
T @A, TR DUERRME R 40 M A B 3 s i
A4 Hu 2%, HE ZEACREG W S gk,
E—EBE&HTAULIHERE Cvt @RMES.
1.1 BERMIES

HARZEYIR. FiR. KRERFTREESHN

FRE, RABFNHIE . REFANREEBE
VIR E B, TSR e KE. M
5 F¥B 5 (target of rapamycin, TOR)E H ¥BEE1E A 41
MEPEER. ATP MEENEZ S, B
KHMXBHEFZ—, &5 8B RNAETE, FRE
3, TOR Xt B M R B )R T5 S A M E &R X,
LEF AR, 4+ TOR #BIE; T 440 ML T
WRZART, TOR 4%, [FEFEBEE B KRR 4L,
TOR HIRIETIE Atg B, W Atgl3p #i0 %
BEERAL, ATHY5R S Atgl7p Al Atglp Z [BIFIFHE/EH,
AT 85 R vE A .

EAMRBEIME, Atg FIRE. BIEREBR
REHMER, RETEEMER. Kb Aglp
BEERTRERARESF NN . FIFZE RN, 7E
MHTBRE T, Atglp BESIEHE ISR, TR A
BEBE PR R O M A TE A A . Matsuura HU
KIL, YRS IRA BT RET Atglp BESRIENE
W), FERIA Arglp BB 5 BB 1E R B
§9. Abeliovich SN A8 4% FL 22 7%, XWHER
B d 2 Atglp MBS EH T REBHTHR, KN
Atg1pMoA JES IR HHIH], F Atglp RAART 4- &
H-1-FF T -3-(1'- FEE)MEM[3, 4-D]MERE(-NAA-
PP~ AE8UK, NTIFENT T Cvt g4, {B 8 MHHE
AZEm. Fit, Atglp BEESEN Cvi BRREXE
E, EBWEES Atglp M5 Atgl3p Ak
Atglp-Atgl3p B EYIRIM B4 . EAFEKESF
4T, 4R LU ¥ 5 & Y (switching complex)
UL EMR S Cvt B2 Z [H] 53, T Atglp BixF#H
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Table1 Yeast S. cerevisiae autophagy-related genes !

Protein Brief description

Atglp Serine/threonine kinase. Core component of a putative protein complex postulated to be involved in switching between
autophagy and Cvt pathway. Also required in the Atg9p retrograde transport from the PAS

Atg2p Required for Atg9p retrieval from the PAS

Atg3p E2-like enzyme that catalyzes the conjugation of Atg8p to phosphatidyl-ethanolamine (PE)

Atgdp Cysteine protease required for the cycling between the soluble and PE attached Atg8p forms

Atg5p Protein associated to Atgl2p

Atgbp Also known as Vps30p. It is a component of the PtdIns 3-kinase complexes I (autophagy and Cvt pathway) and II
(endosomal trafficking)

AtgTp El-like enzyme required for activation of Atg8p and Atgl2p

Atg8p Ubiquitin-like protein that acts in the vesicle enlargement step

Atg%p Transmembrane protein probably required for supplying membrane for vesicle formation at the PAS

Atgl0p E2-like enzyme of the Atgl2p conjugation system

Atgllp Adaptor protein. Also mediates the anterograde transport of Atg9p to the PAS under growing condition

Atgl2p Ubiquitin-like protein that could be formed, together with AtgSp and Atgl6p, a transient coat during vesicle formation

Atgl3p Component of the putative switching complex, and together with Atglp, involved in the Atg9p retrieval from the PAS

Atgldp Specific component of the Ptdlné 3-kinase complex I

Atgl5p Vacuolar lipase involved in vesicular breakdown

Atglép Associates with the Atgl2p-Atg5p complex

AtglT7p Specific-autophagic component of the putative switching complex that regulates the Atglp activity. Required for the
formation of normal-sized autophagosomes

Atgl8p Required for Atg9p retrieval from the PAS \

Atgl9p prApelp receptor

Atg20p PtdIns-3-P binding protein involved in retrieval transport from endosome. Component of the putative Atglp kinase
complex. Required for Cvt but not for autophagic pathway

Atg2lp PtdIns-3-P binding protein

Atg22p Vacuolar permease that recycles back to the cytosol the amino acids generated by autophagic degradation

Atg23p Protein with a similar distribution to Atg9p required for its anterograde trafficking to the PAS

Atg24p PtdIns-3-P binding protein involved in retrieval transpor from endosome. Component of the putative Atglp kinase
complex. Required for Cvt but not for autophagic pathway

Atg27p Transmembrane protein probably required for supplying membrane for vesicle formation at the PAS

Atg29p Probably involved in the expansion of autophagosomes to their normal size

e rxgas, TR#ENAglp-Agl3pE &Y
AEBREEY), EYVRE T Y B Cvi &2 B
Bt e,

AR, Vac8p th BiZFBBHF AT H PR EARZ
—. Vac8p A% Armadillo EE 45, B LM EHEM
TR LT BEWH, Vac8p RS 5 Cvt
BARU AT RS, Vac8p th 2 BM/ER T E
RIS, BT RGE Atgl3p s R B B Atgl7p.
Atg MUE BRI B3NS RES KIEEBERER, RN
WS 5 THENBWERE, 0: Agllp 258445 F
MBEHRANHLGEE, AtglTpS 5 8RN ZHHE R38R
BN,
1.2 BB IKFNTERK

E B RERET, Atg8p EAREZREA
EREIER. Atg8p MXBEREA M BWAKT, T
BFHIE AWAR KNS, 7E BT, Atg8p ThEEH
R, RELIMGEBEE 2825 F(PE)E AL

Atg8p-PE B A& ARE 1 13, X—atb R MBI E
Wi E R E AR Atgdp FA KBS EMEN, HP
ARBMBREARRKGMBRE— M HERK C Kinsk
#. 7€ Atg8p-PE B & ATERITES, Atg8p B EHK
B ERBIER E1 BEE A Atg7p C K HE B K = EM
BeSti0E, G HBIAZ RS S8 E2 FEE R Atglp,
AL C Ko H & B M PE S B TE R BEREE. Atg8p-
PE 5 &YI7E PAS T %8 AL RI AR R HR B AULEE -3 3
BEESYI. Atgl2p-AtgSp HE4. Atgdp Al Maelp
CER BB, malic enzyme)/Atg21p 4, Atg8p-PE ]
&R BhSHIEREFE, T Atg8p MPAS I3
£ Atgdp K. Atg8p 7E H MR T AT 2 R AT 1
B, WK Atg8p LB BB HAF RS ST .
o, B RTES MRS E K&
1 031y 40¥E Atg12p F AtgSp, 5 Atg8p-PE B S51AHI
RIT TR, Atgl2p F AtgSp 2 [AI 3L 45 & Rl iT
7E E1 BEEE 1 Atg7p Fl Atgl12p C K HEBRZ AL AL
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Fig.1 Ubiquitin-like conjugation systems involved in autophagic vesicle formation

— AN AR RS, FBIE Atgl2p HUS. FEILE)
Atgl12p M Atg7p ## 3| E2 ¥R [T AtglOp, K5
Atg12p 1 C K %5 H & BRAN AtgSp i) 149 AL iR BR 2 4]
SRR &MEL Atgl2p-AtgSp &k U, BF,
Atg12p-Atg5p Al Atgl6p LAIESM B LM EAEH,
TER—A 350kDa KNI ZRE G Y55 BWRIIIFEN,

Vps34p, BME— S ANIRE R BE AR BELER -3 3
By, REIEHFEMT RN ARIE 5P LTI,
BEY 1 HBEAEBLULEE -3 ¥EF. Vps15p. Atg6p Hl
Atgldp M, XF Cvt FlBREIRR RV TR . BEAEEL
LBEE -3 BB &) 11 2 R 1 4r %1842 (vacuolar
protein sorting, Vps) F 3R k& Y (carboxypeptidaseY,
CPY) M\ B/RZEARHAZ BB T L T, A2 BBATL
FH, 5EEEWIAELL, K2 Vps38p # Atgldp Fi &
R BERRRLUIEE -3 WBEE &9 1 7 B AR YR P )
ERHBEELEHE. 77 LI E R Z Ptdlns(3)P
(PI3-K HIBB(E R N F=PN N B &1 r=4E 5, X PAS
AT T HFh Atg, BFF Atgl8p. Atg20p. Atg2lp &
Atg24p U9,
1.3 REpmEo g

R RV B AR SNE S A B A R A B, AR
WRB. EREE, BRBRRBIABEARNARZ
BEWKKEA S, MEES —EEMNEmAE. &
M5 B A () 7K AR BB RBLER , /K AR B A Y
Y. fE— PR E FUK R TE LB BRI
WFEH, Atg15p FEBEHUE B2 B WRARPEAR BT L 75 20,
BB AR A Atg22p 1A h RBBARE

T LT, TIERABT AN EIR Atg22p R4 HLIE
i B REAE A, R RS AR R IR P T ) — P
My, R4 MATVRFEG T HE LA DR Ee,

2 P53

P53 EFREMH 11 MIETFM 10NN E TAR,
EALT ARG AR 17p13.1, 2K 4 20 kb, 4fY 393
MNEHERE, 7+ FEHS53 kDa I ABRILE H.
PS3TEIEH AP RIEERK, HRELYRZIK
. ORI N R N JE R SR BN I B
H. BTEFE—BTIILT— DNA #REEF5,
PS3HAT ZMELERIRIL, SH5MGRE. 5t
. ERAREE. BE. TZRARETE
A, FRHERNE, P53 EEERREINEE T,
IEH K P53 EF A B AR (wt P53), HAMRIEE EK
SEREPEEEENRTSER, HEMSI4RAELE
K; 2 P53 R KA ERERAZNRAR (mt p53)H
FBRER, EHEBERT P53 W AZRHAK T
P, TAE KBS NI 4n e P53 B2 SR 91,
EEE. ME. MEE. FERIIBRESSZH
AP R, BRI L P53 3 R 25 #) BRI B8 R 26,
L4k K5 | S 40 i DNA Fffid, P53 BT # 1K
FNFE AR BURR RKEIER , 5 40 Buxs RUR S AH
—3. P53 RIEN R UBEE SO S TR
BIZRIK, P21%#¥!, Bax. CyclinG. PIG3. IGF-BP3
FONTEEREYEIENG T RIEEENEH.
P53 BEEMRARAE, R, BEHRRERL THFE
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YRR EME R ERNR B RS EEXEEN
1EH -

3 Bm5Ps3

— L2 R 340 b 98 B iE (oncogenic stress) 2 DNA
TR, Bel I PS3MITEILEE S B R AR (EI2A &),
—RN KB E HE R IR BUE R R KBER P,
BRIRBE R EE T P53 FIELEIE AMPK, it
Y4 mTOR; T XK ZrE it 1§ mTOR #I4
#I[XF PTEN F145 15 tEBE{LAE (tuberous sclerosis
complex, TSC)X: K TSC1, i P53 VA ) BRI
MIZET- 3K DRAM (damage-regulated autophagy
modulator) @324 ¥ {E ¥ mTOR, \TES BMER L.
I, mTOR & & [ B 1 Bk R N T
WY, A3E PI3K. PI3K #KiiAE 1 M AKT LA RS
XA N K PTEN, TSC1 A TSC2. Feng %2
HIRFFEIESE, P53 fETATT mTOR MIRIE, ZERAREEF
B /)N B8R B 41 45 £ 40 S (mouse embryo fibroblasts,
MEFs)H, P53 B0, BE40%) mTOR &1k, LL AMPK
HE AFRE . TSCH/TSC2 EAYR —I Ras /h
1084 2 1 = BERSES Rheb AOIEIL R H, AMPK 3Eid
iEHW TSCU/TSC2 & & 411F Rheb LL GDP 455 B AT
7, $ AT mTOR i #%; M Akt BEF)I%I TSC1/TSC2,
f Rheb 5 GTP & & a7, MMEEE mTOR B3,
mTOR M PDK1 7] EAVEAZBE AT B4 S6 A

A

Oncogenic stress

Genotoxic stress

I
Stabilization/activation

}

Transcription- Transcription-
dependent independent

/ N\

(p70S6K) LAY 5 B MR HIE RS, %4 mTOR KiFHT,
p70S6K M T IFREFIHIIT B B W . 7E A 4R AN
4, P53 @i i PTEN 1 TSC2 2 FH¥5 mTOR ™,
FEIEFEH T, TOR Ml AR EH Agl3p &
FERERRAL, 18 Atg13p 5 Atglp I AE AR H /E R HISE RIS
Fefl, MH BMR 4. B & £ LUE T % TOR
i Atg13p 4y Rk, SR BWRRE. R,
TOR it 2 515 S H SRR N, AT Tap42.
Sit4 25 JLAN RNV AR RO BERR AL, SR AR E B
HR®E.

DUE IR FTIA A PSIRITENR T B R A, T
Tasdemir ZPHBFF B2, P53 Al AdE A5 B (&
2B ), 7EIEH 40 MuFIiR{b g fh, R P53 $HI5]
PTF-o. %] P53 K% LB siRNA JTER P53, ¥7T &
HEWIEAE. B PS3ERSIENERERS
AMPK FI8GE RN TOR (FIHIAHIR, B 5B AMPK
2k BRI ATGS . Beclinl . ATG10 4] B 1
HIRAE. AYIRNHIERITEREGIRR P53 72/ AL
HAA G| B RIIE I, RRTEiEES P53 A ftt iR
T EME, HALEIATAES P53 BRI KBS EAHXR.
RS SEI0 R, B MEIRE S 8 P53, IRRI R H
W, Bk, BATEM PS3 N EHERRL ST M
TEEEIET, AlRe S A MMs. RIWMEF EAFERE
S REE R, HAEAVLSIHE ST — PR,

40 o i B W — 7 T AT AR B R A B R

Starvation
ER stress

I
Proteasomal degradation

L

Transcription-
independent

ER stress

PTEN
AMPK
o -

N

Autophagy

—] ampk

N

Autophagy

Fig.2 Regulation of autophagy by P53 ¥
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& YRGB EENENEFHINERN, X
Ji e 4 R T 5 R — PRI HLEICE. 7 emyc 85 2B
B, P53 /v 30 B WA 40 B A 773, T BELBT
I BRAAS A R B ARG I AR B ISR T4,
FH—HH B HAEHE MR RE. RED., Rk
BT, P53 AR AMIERARES R MIET, M
siRNA $E [ JTER DRAM ZEF FERH 11X — G I R A2,
P B A RIBERIREFRE, X THIHIE
FAHA B R U2 O B AL R 0FT 5 | 2 SR FE M 41
JLZE T B R e ST A0 P B T B, 43 R IR 4 IR, ik
iR AR KB, @ BRI AT Be S B RA A e e
HUo, BT EWREMBERARE. RESREEM
HIELER, RN T fEHALHIE By F A 1R B0
B A KA g2

4 RE

P53 EIZH B WA SE T EE R IR E R R
MG BEEMA . R, PS3TEARTETEFR
RHR THAMAR? THETX P53 54K A

MU EXRMRABIS, B TR M

ARTH—PHR.
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Autophagy and Tumor Suppressor Gene P53

Fei Chen, Cui-Ping Liu, Meng Li, Ji-Cheng Li*
(Institute of Cell Biology, Zhejiang University, Hangzhou 310058, China)

Abstract

Autophagy is a dynamic process of protein degradation, which is typically observed during

nutrient deprivation. Autophagic cell death is considered programmed cell death type II, whereas apoptosis is pro-

grammed cell death type 1. Previous studies indicated that autophagy is compromised in various cancers. Recent

research revealed that autophagy is regulated by P53, a critical tumor suppressor that is involved in most tumorigenesis.

This review focused on the correlation between autophagy and P53.
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