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Abstact

Abstract

The AREF protein is a product of INK4a-ARF locus, it plays a crucial role in tumor
suppression. ARF stabilizes p53. This results in activated the p53 signaling pathway
and mediated cell cycle arrest or apoptosis. ARF-mediated tumor suppression can also
occur in a p53-independent pathway.

Stabilization of ARF is specifically required for its tumor suppressor funtion. There
are many regulatory mechanisms involved in the control of ARF. Among the regula-
tions, ULF-mediated ubiquitination as an important parrtern is involved in the post-
transcriptional regulations.

Similar to other reversible post-translational regulations, ubiquitination is
reverseble. The specific hydrolases (deubiquitinating enzymes, DUBs) accomplishing
the process of deubiquitination are a superfamily of proteases. Among the DUBs,
USP7 is one of the most prominent members.

Our work first discovered USP7 could bind to ULF by Co-immunoprecipitation
assay. Subsequently we investigated the influence of such interaction toward the
stablization of USP7 and ULF. We have discovered that the interaction has no effects
on the protein levels of USP7, but stabilizes ULF. Moreover, we demonstrated that
the deubiquitinating enzyme activity of USP7 is required for its mediated stabilization
of ULF. In conclusion, USP7 maybe deubiquitinate ULF. Additionally, USP7could
interacts with the tumour suppressor ARF.The obtained conclusions is significative
for clarifying the regulation of ULF-mediated ubiquitination, providing fundamental

support for further investigation.

Key words: ARF, ULF, USP7.
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1.1 ARF

1.1.1 ARF

INK4a-ARFHEEDS e 1 1 8 BEHEZE RS A7, AT w) LA 2 B2 P A AN (] £ £ 13
pl6™ RHIARF!M, p16™ & —AN16 KDII/NEH, J& TINKAK K- b1, x4
A 391 2 M A i C DK 4 R CDK6 14 38 il 3% ke e T 4 (TP . ARF 2
alternative reading framel®J & FK, B34 HIEFEPEHERL R B, A/ AR 70 TR
19KD (p19™"), TifE AN N14 KD (p14**F),

p16™ R ARF #8222 (1 g sk IR 7, 43 518 ik p16™%*-CDK4/6-pRb-
E2Ff1ARF-MDM2/ARF-BP 1-p53 15 5 3 12 R Ui s 40 i JE 300 . s g % A0,
ARFIFIAFAE T 2L A, H Al it £ 242t T ARV AR I ARF .
1.1.2 ARF

INK4a-ARF FER e T NZIEIAL 5 9 Sy taiR % 2 X 147 (9p21), 1
/N BRI TRISRE RS 328 4 5 Be i ik, DL K IK) INK4a-ARF R B 4 491, H: DNA
KJEZ) 30 kb, 5 Lo 18 2 Al 3 PUAMARE o ple™ ™ o7 1as 2 F13
Gifid, pla®® W EANGE T 1B, 2 F03 gufid, SRETF 2R3 I, pl4a
FAE T UG T35 — A B 1B (BE p16™* [R5 — AN BT 10 £ 20 kb), £k
THNET 2, SRR 3 H 3UAERIREX . BAR p16™ R pl14 N YA A R K A0
Ty ARSI HERANT], TS I R (R R SRR T A1 e AR AU,

Exon 1 xon Exon 2 Exon 3
20 TP il ) |
ATG ATG p1 6INK4a *

)l = s
NN
p14ARF s

B1.1 A INKda-ARFH: B B 45 1) [

Fig 1.1 The INK4a-ARF locus in human
VE: ASK 5] HCharles J. Sherr: Divorcing ARF and p53: an unsettled case. Nature Reviews Cancer, 2006 6:
663-673.
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1.1.3 ARF

AN p1O™T E AT 169 ANEKER, TR 19238 Da, A1) pl4™ Uy
H 132 NEEERR, 70 T30 13902 Da. —#H B hEKEEA, 5 S5 ER (Arg),
HAEH =L 20%.

P19 TR p1 4R e STORVRH B AL U 7 s AR D, T 7= A2 (R A B 1 22 1D 1 ]
YT 50%, T 14 ANEFER T AT 11 AMEE, X — XA ARF MYF 20068,
AURERER . MDM2 454251891,

pl4* IR (AR SS M R DNfE LIAS TR, AT AR 43 DA JUAN K 882

(1) N X (1-64aa), HAMET 1B gwfid, JLFEEFIAIL T ARF [Zhfig.
Horh 1- 1422 S MDM2 &5 A0 R 52 4 5115

(2) C i [X 3% (65-132aa), HIAME T 2 Zihid, HH 83-101aa i sE L7511,

HRZ BN ARF 455 A& ARF 1 N s Igh &, Hasish,
FN SR T RIZR R AR 11 p32/CLQBP 35 ARF [11 C i X 45 410,

MDM?2 binding/NeLS  Met NoLS
. axe [ [—
1 14 4% fid &3 101 132

K12 ARARFEANEHAERE

Fig 1.2 A diagrammatic show of ARF protein in human

200645, WFFEHEE VORI, 15 pl9™ A pl4T iR TS ARZIEIR h i 2
M (Met) &b, fENTBIEEH NP (7050 Met45H1 Met48), X2 e
YIRIHT ARF S HPTEA . 24/h BN ZRE) ARF 82 H AR Met #4581
Feos A T ARF B . S @ 5 A 7y B F o 45 SRR W], S M b 1
(] ARF 2 (4534 T2ehifk, #Fk A smARF (short mitochondria ARF) 71,
1.1.4 ARF
1.1.4.1 ARF

(1) ARF i e i A A

M 1995 FFA R INAL, 2 TSI IR IR W] ARF 5 | RS 40 i A S B 35 M T,
sk hgg e 2 AR, e rh p1oART Rk Ik, AN W B AE Gi/S 3IAT Go/M
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WM, Abelson § [ IILIF #:(Ab-mIv) /- FEAL T B 4iffarh, p1oAR" ik ik,
FIPATRER, WAE ARF WA A0 b A . INK4a-ARF JERILE @bk
U0 A g IEER S L SRR TR R A g . SR I IRCBEAN R . 2 R MER
JB T BEA Jf e S5 Wk iR oA sk 2R, T HLAl S Bk INK4a-ARF FEDAI R 4t Jfa 5
Oy R e e AR,

(2) ARF i@ p53 a4z e 1) 2 2

Ui o 6 S EERILAE WS pS3 5 5 IE, A 40 R A B ek
ARF o] LA™Y pS3 IS E3(12 B IEHM), J& T Ring 28 E3 ) MDM2  (mouse
double minute 2, /NEORGAEH 2, AP FEVEY N HDM2) Hljg § HECT 2K
E3 If] ARF-BP1/Mule (ARF-binding protein 1/Mcl-1 ubiquitin ligase E3, ARF 54
M 1/ Mcl-1 {132 ZIEB:8E E3). MDM2. ARF-BP1/Mule 7 %R A () i 4n
Hurb IR, 155 p53 (MR I DI RE -

REHIEFAL Y, ARF. MDM2 LA p53 (s H/K ARG, MDM2 5
p53 &5t , RREHIZ AL, FHIATOCTIRE . 7R 8 A 2250 245 5 iR
T ras W RIERIVERR, INK4a-ARF N (835 9080% , ARF (2 K7 B
o

ARF DI 5 @t MDM2 343 p53. — 1, ARF Z:4E MDM2 #E A%
1=, % MDM2 BRIIFEAZA= A, R BRI p53 SN MDM2-p53 {42 (1 B ik - R %
HRUO), 55T, ARF 5 MDM2 445, HEANT MDM2 (#1372 23 Belis ok, Bl
f5 pS3 IRz 2 A% RIBE S (KA, s ps3tl. #F5tk W], ARF 5
MDM?2 [¥) C ¥ &t£, 1M p53 5 MDM2 (1) N 44, B ARF Fl p53 LESE 4+
(175 303 59 5 MDM2 1R AN AS [ [X 8k

%7 MDM2, ARF ifn]LAifiid ARF-BP1/Mule {5 p53 {5 ‘Sl ™, N H]
siRNA il ARF-BP1/Mule, p53 M3 BT WA, LR Uit R 2 e 1 i
AT p53 T AT . 17 ARF #05 MDM2 fIFLH—FE, ARF 5
ARF-BP1/Mule &5, #dilJa3& 1) E3 i&PE, BO& p53.

4 ARF I 4] MDM2 F1 ARF-BP1 ¥ p53 J&, p53 1E NN ek
TNV IE R S RIA p21. BAX. PUMA. NOXA 219200 S sbe 8 (i i 4 5
T R S A S LI B T, A s R )
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Fig 1.3 The ARF-MDM2/ARF-BP-1-p53 signaling pathway

vE: AK 5] HCharles J. Sherr: Divorcing ARF and p53: an unsettled case. Nature Reviews Cancer, 2006 6:
663-673.

(3) ARF itk p53 s A2 i osg i & 2

BE—CWFIUR I, ARF 5] IO HE ps3 i R HE PR h B2, £ ps3
Becrgn s, AR plottt S anhgn g, R SCREBATE pS3 B A4
Mo B 22, ARF FI p53 XU (DKO) (1 JEAR /N BRUSGLT 4k 40 L F B Ibk I 40 i
Eb ARF B8 p53 PARGER 1040 ML Kok R PP, ARF. p53. MDM2 =R (TKO)IK
NELLE p53+ MDM2 X F(DKO) /N B SE 25 5 ™.

BT TR, BCE RIL T KR ARF 495 H, R T
U1 E2F-1. ¢-Myc. N-Myc. NF-kB. DP-1. FOXMIb A= & A 41 NPM. #%{~
F LA A B (120, ARF IE &I 5 e (A EAEAT, LR ps3 848
VRN MR AR T, A R R A

E2F-1 /2 411 i Hh F ZE (¥ 5 56 51 B2Fs [ 5y, H = ZEIh b2 (e i R 5L R i
ik DNA SAHRIOESS (10 DNA BEHE. Ftisds), 840 i i
G I S HIFEALDT, WTCR W, p53 ki furh, Rk p1o® & g E2F-1
R b R S R

JEU L R Myc it i) Mye &5 1t 2 40 i o 5 22 3 kR 7. BL e-Myce by
], HA D Re Rt A T L RS R T, R AR BT
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B g e AP AR p53 BT AEAE, ARF 0] LAFI o-Myc-MAX &) 1 8454
R R c-Myce [ThEE. c-Myc WU hterts cull ZEMIIENE %, 524N
JL I S B A A B Tl BEAAR], XS ILREAN gadd45 . pdgfbr S5 AH SR 5k |
R TR I AT R S TR AR, AE pS3 &1F R, ARF
0] LR PP R Mye F05R 55 /h—AN it N-Mye (A6 g,

2t o b — Pl s NF-xB (R334, T LAS A0 g8 T4l . ARF
TS P 7 AW NF-«B (RS E, A0 ARAT TNF-oo T ids S 00 T 5 AU
B3, —J51H, ARF itk NF-xB SIEK 51 RelA(p65)5 HDACI (415 (% Lk
BS54, 30 RelA [FRETEPY %5 —J51, ARF @ik ATR (ATM )

T R I FLAH DB S i A A .

p19™" T LIGE I 9% 47S/45S T AT ZLRIBILIL 328 HIfAE KL 28S F
5.8SrRNA K37 rRNA i Tl fe, IXLE WA KT psS3, (H&E15 54— Ff
15 NPM 1%, NPM 42 nucleophosmin [T FK, WS04 WAEREE . %5
FUERL T4, e dn furb ks, HIOIRe 2 NS SR ED G, P
A HIPY, %A NPM R ARF AHE AR, 2550k 60S RifA LR I
WA, B gn A K0, WFCR W, ARF 5 NPM 454, i FaHI0
5

JUEAIMI T ARF 8 AE p53 @AM R & AR I B ARBLEI R B, B
LR, AR bt ik p14™", S g Le 6 (90 HDM2, WRN,
E2F-1. NPM [f] SUMO 1b&4fi, 1 H5 p53 (s sim it o,

SUMO & 3R IR R ol — RAUB I B, SUiEse E— ARz %
HF1 SUMO (small ubiquitin related modifier). SUMO AL A& i (K5 3 & 22 FEME
REWS St (kis . FERIFRA TR Gl g TRERIE AT, (HIEAZE%),
Z#EAM. DNA K. 2R QORI . BT Ay, R 1 SUMO
WAB & ARF 176 3LAE pS3 fagitk hRE 1 — Pt HLN > HZ, ARF J& i
Ja ) SUMO X —il#, AR — MRz k.
1.1.4.2 ARF

A NFEAMAE, ARF VRN BRI R -, EI7E—38 5 IR an 50%0H) Burkitt’s
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R P4 R s KPR I, E Ras SRR, ARF JE K GUER AT sk op
FRAEM DRI, ARF A LU g () & A

(1) EREAVER 5 e

(1 A FH o2 5 3l A7 AE T R 7 BLAZ A M b () — FhEL S, 2V AR 8 £ 46
P AR, S AN IO TR PR 2R G0, 1 A P 2 B T A DA 4 i TN 32
PN EEH . L2 AN . USRS AR 145 . B A E AR
AR TRTISS 5ty 200 A 40 O A St SR Jokh, IV 40 65 Ay ) R AP 3

[ WA F 2 — bbb v R DR ST IO 20 M 1 3RV R o X — e Rx T4 e A
A il i), JUHGRARE TRV, B WA ] Re a8 W] i bt e A0 N A A7 (R BE )
m R A WA AR S IE R N IAE RHA N R W, AR, RN TR RS FR UL
SnlsET,

HI T~ E WA P 3 m dn  IK AEA E 0, BT A S g 4 B B R o a4 27
WHREE, AWRAEHZ 5RO AR B, I HYnsE AR M . Ak
AR R b8 (0T 18, mclo FWRAE A DG S DR A Beclin-1 1/ B 50 TR 102 P i
S, R R A . (R MR — BB, WRVE AT DA IR ) AR
AT H B WA F PRI R an S 3y 3-FRARIEENG, I 0t bt Burkitt's ¥k
AN B AR R

T BIRIG, 208 F R OA A, AR T A BR R P A R R Bk
ey HERPT BRI 5, M FFAK ROS 7K RIFE R4, foe e I IRe (¥ P 1l o
X TG AR, THIG R A R g, A T T LA e LA AR R

(2) smARF FI4K ) ARF ik [ WA FH 2 050 T AL

BHEEZ BRI ARF Z 540 AWAER, EFRLKREA T, ARF HHKY
G LT T TR L, smARF 4K ARF S RETH T A0 A

[45-47]

[}

M ARF B Met (N4 Metd8, /N4 Metd5) ke ih il e 1 i B Ve
P TERRLAR, HFR A smARF. smARF 11V IR AL, 7R AR PRt 25 Bl 11 il
PRPITFEA%, Tl smARF 7E ARF S HE T A3 AR N, T 5% A4, 92
KAFR, 2k smARF 23 (2 3E F WA FH AT 5 S 2R A B LAy S o G I )
B LT P30 smARF 1K P30k, B4 38 MAe F AR I e R A& )
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BT, X R AR ps3 MK, 115 caspase 8458 0K,

KT2KM ARF ARG HESET BWMEN, 245MHT4RIFA B
— IR, 7RG B rh A s ARF IS8R Met #5880 5 — ANl R D,
Pk BVE R A SIbAR, 53— NF S0/ INAL BT 2 A (¥ 5008 A
A, AT 4K ARF £ GVEES AWERT, HA M ARF 195 A4 744
BAKSE, TERACAX (AR Be S BN i, 4K ARF A B 5 BMAEH MR
A1,

R X kAR, AR ARF 528 A R 1 Bel-x] A .45 517,
Bel-xl /& Bel2 FIE 52—, fEAR N 5 Beclin-1 #1454, 5111875 Vps34/Beclin-1
S PRI B I AT W7 F - ARF M8 T Bel-x1 15 beclin-1 [H45 4,
RAFESAWAEI R A . BT 5 Bel-xl 4541 ARF H 5 HRE 1 —/NE5,
T AZETC5E B Tl 4 Bel-xl A1 Beclin-1 [J45 445, ARF i a] DUER LS
REHIHLHITE 5 B WEAER .

Autophagy —<-- SIPME

K 1.4 ARFFIsmARFXT B B 1E F A

Fig 1.4 The regulation of autophagy by ARF and smARF

7E: A 5| ©Balaburski,GM, R.D. Hontz: p53 and ARF: unexpected players in autophagy. Trends Cell Biol, 2010
20: 363-369.

ARF W] LARSSE p53, MR A DLAR ML e S5 1K) p53 56 B A AT 3 AR
HEARPUR LR R 2, X EAM TR
(3) ARF JHaf {23k A W 1 e i 522 e 1) 2
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AR/ NIFFUR L, B RERAIN G40 p53 2k, ARF miik)
ARF iR J5 » AL E AR FH R B, A0k P IR T e J) 52 3 1 40, 1%
2 Al 5 ARF I AR 6 A0 B O 7F P X — 0 S B2 AT, %500 /N A b
J5 RSB 45 RAR I8 SRR ) SCHE, B IR AT T, ARF R I R
240 R /I BV I P02 44 400 0 P A A7 e AR T o LB I etV B A8 R AR
RK—HB) p53 AR MM AN LD ARF &34 1 A o

EFEOLT, ARF @R s s A, R ILA i oy JR R 2 A ARF
St ps3 AR AR i —TAE S A AL () S0 45 R W, ARF fit b B2 i
TR iR R PTEN nJ LUE k5] AKCT (%9955 4 M i 480 ) 1 1
(KPR 1T #H—mTOR, B ZWus HWAVER] . 7R/ P PTEN SR, B&aT
HATHU IR A A2 o PTEN 1 ARF XUGHER 5 W] o 1) e 1R e A o Ferh— b
RVEIAA, B PTEN SIS I E AR RGN ARF 2R 5 0 =,
IR A WA P A AR T e A AT

A NEEFHE, HRIETJUEANIA TR NN ARF GBS L3k 50 L6 b 1)
Mo IXRTRESAE N ARF AT WA FHOGS 40 i o) R 4 R BT B o (1 e
FNGURI e 5 BRI T, ARF Wi, 4l A=A 66 R b8 T i
RE BRI SUCAHR, 7F p53 BRRIIRIRAINMIY, FbR ARF 5, & BWAE
FHRA 2 0045 30 T k), ARMRTIE aBe J0 B0 BT fERE LR Al b, RBR
F WA ARG BE A U Beclin-1, 4 ARKBE )2 BB, AEAE o) b — L) Rg 4
F e &5 SRR
1.1.4.3 ARF HVS

BEF 0T ARF IR ABEFY, BRI, ARF 76/ BUKANMA R B R oo R
IR ERIFEEM . ARF KGN F,  HVS (hyaloid vascplar system, 3%
R R G0 WILE R R, IR, RE&TPERI].

P 2 40 343 WA (K] PDGF (porcine platelet-derived growth factor, IfiL/MEAT4:4:
KR B0 SMEFEAN R IH ) PdgfrB (PDGF receptor B, PDGF 524K B)
dity, FANMIEEE, (A BA M AR A IR AR . p19°NT HiEI Pdgfip S
H5, WD PdgfeP IR, AT HVS B TS SRR, b FEAK
i MDM2 il p538>,
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1.1.5 ARF
1.1.5.1 ARF

ARFAE N BEE R IE N, AEVEZ NI 4 0 Cln i 40 B . e JE Jees 4 i
PRI . PR S FUIE . AMREE) R TR . RS
PLAF SR BE B IEEN AR L 3 31 H A =R,

(1) FEPRIE R G AN AL B R 2B i A — AN A SE R 2R T o N5
PRI AR LI I K o INK4a-ARFIE R KGR 3207 SR A2k, 78 A
AP Rk 14%, iR AT B 80 MR . . R . g0
R RAEAEIENINK4a-ARFIE R BEQ 45, AEBEAT p1 6™ FIAILLIfp 1 5™ [y e
RS,

(2) PIEEEINSRAE S48 fUE R RAAESN B 72, R mp16™  “HIARF &
FIMEIERITH, AT 80 RAEAIN BT Lo, JLEWpl6™ MgmisIx, Hii
EEARMENIDCTAMNE F1BIISRAR . WIFCR I, At R IS
(63%) FBREMREE (41%) LLAL,  NZRJGUR IR FINK4a-ARFHE R (R 5838 e A2
FEFAR, A 5% A AT

(3) A8 TFHEEA INK4a-ARFIER RS Y0 )5 31 iepGhy (X FRHTE &)
EEGC, WX mE I g T ihhe, FEOERERZ A, LR
KA BUD A INK 4a-ARFHE R 415 e R FN 58 AR 1R g an 25 g v, R BEAR A 18
AR R

B —HE L, [ — bR T INK 4a-ARFFER I35 1077 RIEA LB — 1, A
A s JLA 7 3R AR T
1.1.5.2 ARF

(1) X ARF ¥ sl i) 4

EH A RAMAZL D ORIV, RIGIIIRREBRSN) . ARFINZRIEACPARAK.
FE S MR 2 255 Cln s e SR DRARavs A, U B P BRI 29 ke
INK4a-ARFIW A3 PR, %S HRIED, 5ps3AREH, DNARGIFAEZE S
ARFIJFiL, HARFHIFHESFEE. R,

W], Z0M-PE2F1. Myc. Ras. DMP1. EIA. JunB. V-abl3Ju] L%
TEINK4a-ARFI 31K, Mk 7KF-R 15 ARF.
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