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ORI AR AR R, R 300071
O [ERFE R A AR AT S A A 2 B A R A TS, B 200031)

T WA P F R B s A, ST LR ZU U T RA T IR R WEE I 15 g EE 1 ISG1S, Bt f i L
M3z H B E . BRI R BT QAT 1 2 MR AT, (X ISG15 S B 1 LU e 1B D) 27 D e
fifELD, AREHE DR A FOE JUAE A TS, RIL T 47 % ISGLS (Bl R 40, 1SG15 K HAE M REAE 58 K 4
PR TEAE A A ZAE . (0 2544 1SGLS (BT ey APt R i L ISGS 11 &R 48 b I 1
(e, 45 HRTITTT ISG15 K HAB M 115 e R e BEAH I AR ) — L fp B g .

XHEim  ISG1S5, Kz EBM, REE, THIEWT
FRSES  Q26,Q939.91

g KRR, MBI T — 85
RIS RYERRATIE g R G0, 10 A o s Jid
PRI AR T R A S s PR 0 f ik T
YA RE. Je RN o e 22 48 2 WLAAON) 03 25 F0 41 1R
BRI —TER 2k, FEELE SRS RIS
{10 400 M A1 Sk 42 il K g, (R IR Bl 3R A P S
. ISG15 £ 1 #4483 J ¥R R 15 (interferon-
stimulated gene 15, isgl5) 4ifid, 7EJFEol 1 B
MEMRE T, wmAESEE. 52 ZM0,
ISG15 7] LU 8t A AT A B, (HIFAN T8
FLTU AR, H RTACK 82 ) ISG LS A e i 3=
B2 5L 56 R S RT3 16 I R 1R o 1
WEFURIL, 1SG15 VLK EE I ISG1S SE4 & ik
AN MO SR AN M EEAE L (e A itk
YEFAR e R S5 DhRE L S AE T2 i ol b Ay
HEEMAER. X I1SG15 LK HAEMThRERIRFFT, LA
N9 B A0 1R B G 0 ISG1S R IA A8 (A i 1ISG15 1k
BT RE M AL, A7 BT FRAT 150 fon 4 v b 22
fif e FE, TG R R, A S TE B2
T AH ELAR FH R C A

1 ISG15 EAMAEIM

19794, Farrell %" SR BT PR AT LA
P15 ku HEE BRI 2RI AN IR AR

AL, E3 1984 4, Korant SFPR L, AT
# (interferon, IFN)AbIH AFIZEI40 e 52, nl LA
SRIE-F T E 1Sk REAMR. ZiESRE
WO 40 i ) RNA & i, JF H T # & -«
(interferon-o, IFN-o) FIl T # 3 -B (interferon-B,
IFN-B) tt T4 % -y (interferon-y, IFN-y) 5145 %%
H% FAZ 8 K IA . 1986 4F Blomstrom 45 PI7E
Daudi 41 /il 52 [ 3k 13 A 2K ISG15 ] cDNA, 4]
Bl & () e & i AL dS — AN BN AL IR, PR S 3
LB T ISR ET,  T5A 2t A B A 1 R
Ve TS 0 7 R KL 15 ku, S JGHTSE
B W E 1o e — B, R AR N i 44 8 TR
EQ I gers 15 (interferon-stimulated gene 15,
isgl5), 4 td 2 1k ISG15. 1987 4, I1SG15 1
cDNA B PRI B, 8 P g A 1) 2 1R 1y 41 S s
165 MRS RIL, MRS TE A
17.89 kul. iy a4, KBUIXF A 165 2RI
NP ER U2 G ISG S B I RTARTE 2. C i)
8 MEILIRIR AL ISG1S Ttk EREBR, Al C s &

* [H] 5% B R RTE 9 R 1140 (973)(2005CB522903) Fil|H 5% [ 4 Bl 2
FE4:(30470071) % B35 H .
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PR 7 5 4 “Leu Arg Leu Arg Gly Gly ”
(LRLRGG)®, % C ¥ J7 H4G I iz 2R B 2 i
F AT S B AG (3G PEA . B, 2 Rk R
M IE 8 R R O A C g S R R AT L
BHIE e S s A W E LS. 5540 ISGLS [k
RO ED> N i (0 FR 2R, TR 1 i
M 17.145 ku. 5L Fr EIXFE AR 2 15 ku ()5
FIL0r 1 s oA 17 ku.

2 ISG15s EEWEHEE IS

ISG15 J& T 251z % & [ (ubiquitin like protein,
Ubls). KZ ZEHZE RN TERAT, EMAML
FESER 52 UL, T HAR AT DA 2 B A
(R4 T R R T B R ISG15 P A Sz 3%
PR R AAE SN, PRI FR Ry 72 A8 R
£ [ (ubiquitin cross-reaction protein, UCRP)©, 1 iif
AT M, KBLISGIS &47 2 D Ifigk,
Horb N s B ReI 512 2 33% M RV PE, C 2l
et 572 =47 32% M [RIE . H AT b 1SG15 &
A ARg g, R RAA 2 M2 RZRENT S
(ubiquitin fold), AR ISG15 1) 2 /> Dy g
AT TP T 0. 572 23R
FE A (ubls)HEL, ISGIS 1 46 4l B 3k A A B A
T, i e 2 RN oA g, i A
ISG15 C iy 2 AMAHIE M) H & Bxt T H A &1
e T 0 vz e 2Rz R R AN,
ISG15 Hul MARAAERRE. Zhdt, B o LAY AL
SR, RAAAE T B HESHY). ISGL5 FeWILE
NN gl B, T E RN R KR A
Frp I RIS, ISGLS 16 H i Fr4kE m) 5 Fd 3130
Wik, GILER A JAT 4T% RS E. M BT %
PEY) R JLF 100%E LR 57 2F, ISG15 B0 Fh i £
SEPERRAR.

3 5ISG15 £MEInE XHBE RS

A RN ISG1S SEA 21 55 5 1z s A0 B i
FAL, EEP R 3 MBI, Al WehEE ELL
455 Mg B2 AERRNE B30 X Tz R iR L,
E1 73 7 HAT GRS ATP 45 XSRS AL A7
PRI, EATEL RS RS LFE. E1 #0E
Z i 5 ATP, HIL LMz 510 C 3, 15 1E
ZZ N C A EL [ D2 BRIk Ak 2 1) T Rdint i o
WP HNZ 2810 )5 B 78 21 B2 MG 1 21 e U iR bk
B b, WOERNZ R B2 0y 1 2 IR O R B dR

JAAE B3 BRI T, WSz R R
PR BRI b, 58 U IRz =AU E M. Ak,
12 % 245 45 ¥ (deubiquitinating enzyme, Dubs){EiZ
F IR A F KA . Dubs 7681 5 12
FIN LA EEMER, W LR G sz FE T
PRI TN BERIE . Kz ZEMEE RS, 1SG1S
MBI RS RS A BOEE E1. 4550 B2,
NG B3 U g Al AT JLAE, SPEATIIESY
A T BRI .
3.1 ISG15 #i&ls E1I—UBEIL

1993 4, Kok S5 A B 40 SC 2 v [ 15
#| ubell (ubiquitin-activating enzyme El-like,
ubell). ubel 1 J& A FE 4L (4 4k 3p21 1) D3F15S2 & Al
JfE 140 kb. H4wfd () UBEIL 512 % E1 A BE 1
ST, BAT 45% 1) 2 5L AU 1tk DL B — MR ST
B2 e s B2 1S AL AT AL 2001 4F, UBEIL #iiE S22
ISG15 [P35 B E100, 3 o) e B A28 R 48, KIN
VIBRTE B U 1 NSIB 1] LY ISG15 A H. /]
NSI1B 5 ISG15 &, w] LAt FH I ISG15 13k
MrEAm0, s2g6 b, A GST-ISG1S @l 8 FE sk
UBEIL 5 ISG15 A B4 . UBEIL ®J LA 5 i 1k
(1) ISG15 JE &4k, I BAEHEEE 1SG1S5, w1
S ISG1S (PG E1. 1Mz 2 S BE E1 ARt
® UBEIL X} & A AT ISG15 45 &40, T3 %
(P 4b B ] BL F 3 ubell [ 14, Knight S50 B,
ubell K8 1) BI85 — MR T
N et /T 58 I S 456 47 1 (ISRE/IRFE 45
G, AR E AP 5 UBEIL ik |k
W, HATCZ s, ubell j&—Fh TP £ R,
JLIER W75 1SG15 45k B ATl E1 Dhfg.
3.2 ISG15 # & E2——UBCS

Zhao Fl Kim P/ MIFF0/NLE 1A [ 1) 77 723l
SEHLAE B T 32 2 45 A I 8 (ubiquitin conjugating
enzyme 8, UBCS) /& ISG15 ({145 & B2. {EHE
E1 Al ATP [AEAER, 72 %0 DL 455 1§ E2 Bk
o e, DA s A AR AR 45 #F R ISG1S i mT LA
5 8 5 1) E2 JE AR g 5. Zhao ZE034E ] -4 2
WO A0 M, R 24 R IEAT GST-ISG15 f i 3t
PUVESRKy, % Hoh 5 ISG15 LM iE B2 10 (.
WL XA TV, A AT R B UBC 8 I LAY ISG15 3t
PriEde, J8id sRE ik — Ak 58 UBCS #t A& ISG15
1) 45 45 W E2. Kim 55 28 2L T ISG15 B0
UBEIL iz 2 4% & UBEL 117 2 R ME, LA
ISG15 4 4% & i 43 (ubiquitin specific protease 43,
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UBP43) 592 2 2 45 & W 1) JE R U v, &
ISG15 (1) E2 W fig & ,Jﬁm/z%%éﬁﬁ’ﬂ E2, T
UBEIL 1 UBP43 ()& & TR BT,
U, R AR %% B2 ] A TR ER 7 3Rk,
A AT T3E AL 57 326 145 5 S AR 1R B 1 Bl S ff € UBC8
ISG15 K45 & E2.
3.3 ISG15 Hy%E#Elg E3——EFP . Herc5

Zou SEUVR LT S — PRl R ISG15 % B
E3——MfE ¥ & & NV 45 &5 11 (Estrogen-responsive
finger protein, EFP). 5 HAth CL 5011 & 1 T ISG15 45
E 1B RS K Ii——ISG15. UBEIL. UBP43 L/
J UBC8 —#f, EFP 2 —FTI£#EHFRLE
(1, 10 14-3-3 [ ISG15 15 i i B v i 3 42 1
E3. %} EFP {35347 siRNA T30 0] LL sk 2> 48 g
W 14-3-3 B 119 ISG15 JLANM &1, EFP 1) ISG15 J&
M A6 i 1R 35 P 4 85 FE RING X 3. b4, Dastur
SRSV B UL 2 E I TR S E T 8 1SGLS JE iz
Mift 158 N AR E ., H A HE 1ISG15 1) El,
E2 F1—#yZ & HECT J5%4 1) E3 Herc5. Herc5
[f] B 7] DA g% IFN-B 5 %, Ut B Herc5 W REJ&E T
ISGIS M & il R 5. XF HereS 3E47 RNA T4k,

TR
B :

Free ISG15

>

UBC8
S

Ay DA K B ISGLS SR8 1 1) ISG15 L& i
THBR, WU Heres X140 M) i85 85 1 ¥ ISG15
JEMAE M L B 7R A TP A B 41
b, JLEE YLK Ik ISG15. UbelL. UbcHS F1 Herc5
()¢ 35 TR AT DL S5 ISG15 SLM 51 it 25 3 v
Here5 B —/N B2 R A7 215 RCC1 HL & X 300}
BRI PR A DA T I
34 ISGI15 K45 &5H—UBP43

UBP43 H. 15 UBP(ubiquitin specific protease)if
FEINFFE, UBP M KK A S 58 E% T
T Bz ZRBER IR A T ALz R
Kz #BWmalA Ik, Hrh iz # -gsPESTe.
SUMO-gsPETc. Nedd8-gsPETc Hil ISG15-gsPESTc,
iE 52 UBP43 446 M ISG15-gsPESTc ¥ %4k s [4
ISG15. i F 15 UBP43 [ 40 o S 96 3HE — 20 i
UBP43 J& - F ISG15 FF ) £ 45 G lile. UBP43 /&
H H BT HIME— (1) ISG15 2245 51, HIFAHER AT
7EHA ISG15 45 Gl vl . H i S 43R5 6 2k
UBP43 [f)/N i, ok HIX L8/ ) UBP43 B 41 i
R B 1 ISGLS 2 1L 18 4 1) 2 Atk K
I HAET 2R oy LA 3 5 = (1) ISG1S

ATP SH

l-> Af

m .; : ';

G

Fig. 1 Schematic diagram of the ISG15 conjugation system
E 1 ISG15 &5 IFRETEE
1: ISG15 #lm 1, B € o 2 ANELSLH H %K. 2: E1I-UBEIL 3.;1@11112%5@ ISG15. 3: i@t El,
ISG15 C s IR F MR 1L, 1SGI5 s, 4: Bl _LRIBRIE Sl AMP- 248, 15 ISGIS /bR leEE. 5:

E2-UBCS FEir#5y ISG15 1) E1 43 F. 6: WL #5ls1EH

ISG15 #: 5] E2 43 1 I, El 20 TR 7: 15

HPRLER (1 B3 2 75545 ISGLS 19 B2 4> TAHEHEIE. 8: B2 45 B3 4r FAHEAEN], ISG15 i H: 2 #0 i

Mo v &, E2 5 E3 70 TR
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BT, 1 Rz Z A KST H5 e
AR X B — 5 i 2 UBP43 & —Fds 7 11 1ISG15
LY G EAN.

ISG15 X & 1 B A B ik 7 5 i A s iz
FA B AL 1), T HB Y 2 M R
HH PR R B RIS, A S A AR R
PP RRATAE D RE, UOBH B A Y ISG1S &1 &
G5 EARINEZ RBM RS2 MR A5 %)
MR FR. NSz ZEMRE AR, 1SGIS 21 &%
B AR AT TR R A S, BN SR )
ISG15 FEANMEMGAE Gy ik Ft b m e A7 T 224

4 ISG15 RixwyiET

it ISG15 KL isgl5 by T4 &= B L 1A,
HIH 874 2 A ISRE/IRFE 45 &0 4, nl LR
T FWEEIE(E 2-). ZETRERBE T, 2h )5
A LR 2 ISG15, 18 h JF ik BIEED. T4 3= 5
I B L AR T TR S A AR T R TR
ZAR. T BT 40 % 1 52 44 /2 1 IFNAR (interferon
alpha/beta receptor)l Fl 2 ZLRG I F Y6 R4k, 45
TR GG, CATHBTEHIG T e, s,
Janus P 1 (Janus tyrosine kinase 1, JAK1) &5
I 28 FR P 2 (tyrosine kinase 2, TYK2) # 12 14
ok, BEJS BERR AL T B4R 5 3 S B s WOE R T
(signal transducer and activator of transcription,
STAT) 1 fil 2. STAT1 I STAT2 #% JAKI & 1k
Je, BEAT STAT iy 1~ — 24k, WEIRALI STATI
Al STAT2 L ¢+ #8 % W 795 Al 1 9 (interferon
regulatory factor 9, IRF9) K &¥). % E & Wit
NI, GG AT 40 32 R B3 1Y) ISRE/
IRFE ({75, AT T iy A R A,

ISG15 [FIA AN 32 TP 2% M 15 A1 (IRF) 7 14
A5 2-2). ISG15 A& fe 7B HRE (152 IRF3 15 1)
WAL . IRE3 & 1R 55 ku, EJTA 1
L A B R IR g 5 A DL S TP 3R AL B A
RUPCIRF3 B4k, SR, JHEEE G T DLBERR AL I
PO IRF3. @R A0S 1Y) IRF3 JE 40 fak%, 1 J5 &5
#{E ISRE/IRFE JofF Lo T T4 3= MR 1)
RIEM. 5148 1SGL5 A 8 & —A PUL 45 &
745, %A #15 ISRE/IRFE [1)7 5 & & . PU.1 &
Ets #5756 — 5%, 1 B 20 i A Bk 4
Wik, FEs AR A B A/EH]. A 4RkE PU.L
A LAY IRF4 2 IRFS By [A] B0 isglS 1)) 2)) 1B

(K 2-3).

T 20 TR R0 75 B 4% A0 i sl A A/ DR 2 e 4
Fiy, ISG15 ik 2 bt 1X 86 4ok ] fig i i 3%
1 IRF3 Fl ISGF3 s A it s 1SG15 HRIA.
A5 FH A 5 55 26 A 3 B s 40 i 3R HCT116, Sk
% A ALRE 1300 40 B, A P U AT 25 ) A
(CPT, #hdhetalig 1 $01550) 4 BEE o A0 3L e 40
Wi, BAVEY TRERELEN AT YEAn i, 4Rk
W INKIB RIE M)/ B AT dEan e, DL Kt R0k
1-309 ) T 4 o, ISG15 (K] 3% ik 34 7 1 hp 2227,
ISG15 {EIX 2L 4f i 3 2o i AE H H A ie AW .
A REIX SE A0 N 2 T TR B W, AT 3G
ISG15 [ ZRIAKF

Type [ IFN

IFNARl  [FNAR2

Plasma membrane

PU.1 binding site IRF4

3
N@® ™

Fig. 2 Regulation of ISG15 expression
& 2 ISG15 RikHyiEY

I T RTREL S BB T2, b TYK2
5 JAK1, &1k STAT1 5 STAT2, STATI 5 STAT2 #
WA, 5 IRFO TR AW, b N0 M 45 G A
ISRE/IRFE JGff b, W& Fif isgls JER M RIL. 2: 4
B2 PR 2R, SIS IRF3 (BRI, BRI JE 1 IRF3
HEAYN A%, T3 ISRE/IRFE JGAEHG isgls 2N B Kk,
3: PU.1 B[] IRF4 5 IRFS il isgls LA L7 PUL &5 4
AT ST isgl5 R RIL.

Nucleus



2006; 33 (11)

X LizHREHISGIS REEAXRZEHHER - 1027 -

5 ISG15 WK ISG15 L& ihE R digh
B91EF

ISG15 MEREETHMEMNEVILR, WRElE
Fa R AT A B MR gl Ma4h B i ISG1S BT 4l
WLPE 7 e, 2 B A i G % U YT 4 A Y
ISG15 FEANM B (1) A 2L 424 D e H R ie A 13 21
NN ISGLS FEA B T e B HMESh ) AL W22 A1
FEEH. ISG15 LA S HAR Ml 5 48 1 3218 i 4%
H5TMBEMEY KR, U ISGL5 LM &1 R 4%
TESE R S A 45 AR .

5.1 ARaSN ISG15 HI1ER

AR T8 90 P AN S ISGS EAT 41 i A1 1R 3%
PE. i E. coli LA T4 1ISG1S5 Al fill#% CD3* 41 iy
P TFN=y, AHANRERIECK B A4 LY CD147 54,
CD56" 40 il /5 IFN-y, B4 1ISG15 AJ LA 4%
5405 40 PR (ONTK) 184 5 - 4 v NI 40 1 40 B 2
X —RLFE T, CD3'T 4%+ ISG15 i 3 () 3
BEFN NK 40 M 1 40 B 23 4 F 2 06 75 1. 9F .40 i ok
UiF B3 ISG1S 14t Rl 74 F B A 0D es e vk

NAH A 140 g (PBMCs) 1] LLRE i ISG152%,  F
) 1SG15 T Daudi. U937 5§ HL60 4 1 2f K %
HWHEMAER. SR, 4586 ) PBMCs 3[R B
7, 1SG15 0] LLjin o i fg 2 B (LPS) % 3 1) & Xt
WEHI-164 # 48 [l 5. 4% 40 i i 40 B 2545 H . SR bt
ISG15 11 2 o B Pu 4 o] $0 6l ax Fhobn s /E . bt
TNF-a [¥] 5 FI T A B A3 BR % VE A . 31X U6 W fR
ISG15 /5 4t M w5 FH )4 e o] B2 8 TNF-a
AR,

41 g A ISG1S 3 A — Tt ke (1 o 4L 40 i 1)
FEAG IR 7. e R 20 i N A v B 22 (1 40 8 1 11 4
WL, S R R S A N, FESEER T, N
FCIE S5 HL (Plasmodium yoelii) B G% I 21 41 o A 4y 25
BT FRREER I R N A R, IR A X
A4 1SG152,

5.2 fAAEMA ISG15 B91ER

521 T TIEMG SEETMEN. Hitc&
SAFER ISG1S 1 571k 25 25 45 5 (1§ UBP43 119/)
BB, A FRATTA ISG1S FEANM & 4 7E T
YRS T P W E A T R T . Ak
2 ISG15 5 7 1 2 45 At E s UBP43 1)/ il
THBEA TP RIA L FH. Sk H ubpd3~ I
AT T B3R BB UK. Sk B ubp43-—/h
AP B R 40 PR T B 38 R R N AT 4 R T X

Rk 2k UBPA3 ()40 A7 AE 38 I 1472211 STAT1 W%
TRk, [FIFES T ISGF3 [ DNA 454 fi 1 LA KT
P F I R 1) 2 7P, ZE i 2k UBP43 1) 40 i
TS B R RS 1) TR A S . X s
R AT R ISGLS 45 A B M sm A1 ¢, (HiL 7 it
— AR T B A G B 1 o JAKT F
STAT1, TEFHLHEMRIE S, hTefss
Al LAgE ISGLS SLpr e i, PRI AR 25 5 K e AT )
ISG15 S &1 5 UBP43 2k il 40 i 5 T4 £ 1
FEBUBAH LR, SR H R IE A EE U SCRE
X . %F UBP43 Sl 2k 1 40 Mo A T4 25 8047
W, TR E] STATL BEFRIL I3 N, HIF&A
M2 e 3 & I1SG1S FEAME MKV 135 0. JAK1
I STAT1 ) ISG15 HAMEMiA 7] fE 55 UBP43 il 2k
0 o b 3G S ) TR T AR R RO AR.
AL, UBP43 6k S 300 T F A5 50 B 5 5
© S E AT ISGLS A B n 2 M A7 E &
WAL IR R,

522 {EARGERPUHT DralwEgeh /e,

[ TP Z5mFU I ISG15 (177 4R ISG15
FLAEMI I . Kunzi A1 Pitha #1EPY, TFN-o %
IFN-a2 7] LA 5 200355 5 N PBMC ' ISG15 ¥ 3%
ik, 1 H IFN-w % IFN-a2 5 A 2ot Bk A 2K
9% B #4993 5 (human immunodeficiency virus, HIV)f)
S Kk, AbATIEESY ISG15 275X HIV &
—SBfEH] . AERIE ISGLS IR TR AF A B AN AEAE (1)
MR, ¥ NL4-3 HIV-1 5005 #F DNA #% 4L 8k N
CEM X 174 NSOk ELal e &, 4« 48 h J5, Wtk
Y i A% A1 40 B ) RNA. RNA B[ E 43 # 7 4 Y
ISG15 iAok 4 e rf, #% 4 9.2 knt HIV-1 RNA
5 5 W& MG 0, 140 i 5T P A4S 9.2 kt (1) HE
BT P % 4.2 knt FT 2.0 knt J§%20E 2 HIV-1
RNA Jif/DB, X247 % ISG1S 1141 B foims 264 1 54
—hmRiE.

Okumura ZEB 8, 1SG15 A7 Ly HIV-1 IR
BEMORE I, 106 40 Y HIV-1 28 (15 & Bk
SR, ISG15 FRIAFF iAW fl Gag AT Tsgl01 Hx 1)
Z#4, WK Gag 1) L X35 Tsgl01 (41 L. 1F
L HIEAA K E] Gag 5 Tsgl01 [ ISG15 L4y
Bt FEAE T HE 2 A B a0 f b, R mT LS
FI| Gag-Tsgl01 AH FAE I HMH], 1i40 6y Lo
b ISG15 ) RNA FH3H B, IXLe45 53], 1SG15
TR A S IR HIV-1 B3040 BB J5cm )
(1) AR .
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i Bk UBP43 (1) /N Bl (1) MEF 41 Jiid & B S xf
Sindbis Jii§ EEPUIE A . /&G Sindbis Wi 5% 30 h )5,
TR WL 3 585 A R UBP4A3 it/ i MEF 41 g
HHOP BRI BE I 2 5. TR 4 RJE, ubp43 -/
DA 995 70 15 . UBP43 RBR /N UL T
8D WP ZE s T LA 5 1Y) 52 B,

76 A549 40 Jfd Ui JK i FF A (influenza A
virus) I BHBTTHL R4, AWEE ISG15 1A R
ML £ B (influenza B virus) 75844 5 nl L5 2
ISG15 /K V1 b TF. R4 ISG15 A 3R1E, HEX &
15T R AL 45 U A0 3 B B B 1Y NSIB & E Pt
BHLIT. NS1B 25 (4 7l 55 ISG15 & A H AN I AEH],
M BEIE T ISG15 5 E1 #4035l UBEIL 454,
FEB B YL MM ISG1S B A 21
AL GRS EEXT ISG1S SLA B 2 28 1) 15 A
[UFE B ISG15 SLA &4 B A Pos 25 A L

6 HEESRE

B TR S 8 S R B T e 2 FE v
MWEEFR — Hh, TR ERZ ZEMe
B JUAFE H YGE EFUA RL ISGLS J2 —Fh 2Rz %
INEH, HZEML, ISG15 v LU k47 3k
e G, Sz ZARPZE, I1SG15 HAPE T4F
Heghprp, HILRE T LUER T 575 XLk
MYE T, I1SG1S BEEA 51z 2B 4 & 12
Wil 248, X 5EMESIY) LR G R T A AR % D)
KZ&. BHHT, X ISGIS (3L &5 G210l R 5 LA K&
OO RS &5 A 1B 1 Dh e (IS M Ak TR
A J 1SG1S Thie vk ih— 1, BF 2 A il
2 AR R 1 ). 9 G, 4 ISG 1S &M ) 0 H
PREE BT WREE ? ISG1S IR (A2 75 1T X 204
) 5% G B 2K 50 2 5 Nedd8 &1 cullin 5 % AH L ,
ISG15 2R Ei—ER e M & i ? 1SG15 Btk
FUTIR- 3 WP ] AR 4, 2 309 034 2 2> Jir 48 1
FA A ? 1SG1S JLA &40 55 40 i 28 e A
HHAaxR? HAl, CLIFHBE ISGIS F 5F 1
285G AN UBP43 /N, 1 ISGLS #ibR 1/
FURT UBELL bk (1) /N RUOE WA AT IR AN TR L 73
AT, X 3X LS ) P R Y B AN AR A R SR A RIS, H
] e I & 45 7~ ISG15 A ISG15 JLA 18 i 1 A= 4 2
hfie. FASL5e = KIS0 T e et se, 1mxs
MW EE 5 ISG15 RIS R R E 2 H, HEr
ATVIEXSZ I RIS, A BRI 2 ST
B, B BRATA R A iRz 2B fe e

FaTa (e 2. Ry, S6F ISGL5 RS ICEEs A W T
PATE L MBS D I e Y, B B
PR B SCRIEAE 1 N A (.

2 % X #

1 Farrell P J, Broeze R J, Lengyel P. Accumulation of an mRNA and
protein in interferon-treated Ehrlich ascites tumour cells. Nature,
1979, 279 (5713): 523~525

2 Korant B D, Blomstrom D C, Jonak G J, et al. Interferon-induced
proteins. Purification and characterization of a 15 000-dalton protein
from human and bovine cells induced by interferon. J Biol Chem,
1984, 259 (23): 14835~14839

3 Blomstrom D C, Fahey D, Kutny R, et al. Molecular characterization
of the interferon-induced 15-kDa protein. Molecular cloning and
nucleotide and amino acid sequence. J Biol Chem, 1986, 261(19):
8811~8816

4 Reich N, Evans B, Levy D, et al. Interferon-induced transcription of
a gene encoding a 15-kDa protein depends on an upstream enhancer
element. Proc Natl Acad Sci USA, 1987, 84 (18): 6394~6398

5 Knight E Jr, Fahey D, Cordova B, et al. A 15-kDa interferon-induced
protein is derived by COOH-terminal processing of a 17-kDa
precursor. J Biol Chem, 1988, 263 (10): 4520~4522

6 Haas A L, Ahrens P, Bright P M, et al. Interferon induces a
15-kilodalton protein exhibiting marked homology to ubiquitin. J
Biol Chem, 1987, 262 (23): 11315~11323

7 Narasimhan J, Wang M, Fu Z, et al. Crystal structure of the
interferon-induced ubiquitin-like protein ISG15. J Biol Chem, 2005,
280 (29): 27356~27365

8 Pickart C M. Mechanisms underlying ubiquitination. Annu Rev
Biochem, 2001, 70: 503~533

9 Kok K, Hofstra R, Pilz A, et al. A gene in the chromosomal region
3p21 with greatly reduced expression in lung cancer is similar to the
gene for ubiquitin-activating enzyme. Proc Natl Acad Sci USA,
1993, 90 (13): 6071~6075

10 Yuan W, Krug R M. Influenza B virus NS1 protein inhibits

conjugation of the interferon (IFN)-induced ubiquitin-like ISG15

protein. Embo J, 2001, 20 (3): 362~371

Knight E Jr., Cordova B. IFN-induced 15-kDa protein is released

from human lymphocytes and monocytes. J Immunol, 1991, 146

(7): 2280~2284

12 Zhao C, Beaudenon S L, Kelley M L, et al. The UbcHS8 ubiquitin E2
enzyme is also the E2 enzyme for ISG15, an IFN-alpha/beta-induced
ubiquitin-like protein. Proc Natl Acad Sci USA, 2004, 101 (20):
7578~7582

13 Kim K I, Giannakopoulos N V, Virgin H W, et dl.
Interferon-inducible ubiquitin E2, Ubc8, is a conjugating enzyme for
protein ISGylation. Mol Cell Biol, 2004, 24 (21): 9592~9600

14 Zou W, Zhang D E. The interferon-inducible ubiquitin-protein

1

—_

isopeptide ligase (E3) EFP also functions as an ISG15 E3 ligase. J
Biol Chem, 2006, 281 (7): 3989~3994

15 Dastur A, Beaudenon S, Kelley M, et al. Herc5 an
interferon-induced HECT E3 enzyme, is required for conjugation of
ISG1S in human cells. J Biol Chem, 2006, 281 (7): 4334~4338

16 Malakhov M P, Malakhova O A, Kim K I, et a/. UBP43 (USP18)
specifically removes ISG15 from conjugated proteins. J Biol Chem,
2002, 277 (12): 9976~9981



2006; 33 (11) XipE. KiZEEHISGIS REELEXRGEDHIER - 1029 -

17 Ritchie K J, Malakhov M P, Hetherington C J, et al. Dysregulation beta-inducible proteins in ataxia telangiectasia cells. Cancer Res,
of protein modification by ISG15 results in brain cell injury. Genes 1996, 56 (3): 443~447
Dev, 2002, 16 (17): 2207~2212 26 Han S'Y, Kim S H, Heasley L E. Differential gene regulation by

18 Loeb K R, Haas A L. The interferon-inducible 15-kDa ubiquitin specific gain-of-function JNK1 proteins expressed in Swiss 3T3
homolog conjugates to intracellular proteins. J Biol Chem, 1992, fibroblasts. J Biol Chem, 2002, 277 (49): 47167~47174
267 (11): 7806~7813 27 Ruckes T, Saul D, Van Snick J, et al. Autocrine antiapoptotic

19 Tanaka N, Taniguchi T. The interferon regulatory factors and stimulation of cultured adult T-cell leukemia cells by overexpression
oncogenesis. Semin Cancer Biol, 2000, 10 (2): 73~81 of the chemokine I-309. Blood, 2001, 98 (4): 1150~1159

20 Hiscott J, Pitha P, Genin P, et al. Triggering the interferon response: 28 Recht M, Borden E C, Knight E Jr. A human 15-kDa IFN-induced
the role of IRF-3 transcription factor. J Interferon Cytokine Res, protein induces the secretion of [FN-gamma. J Immunol, 1991, 147
1999,19 (1): 1~13 (8):2617~2623

21 Meraro D, Gleit-Kielmanowicz M, Hauser H, et al. IFN-stimulated 29 Owhashi M, Taoka Y, Ishii K, et «l. Identification of a ubiquitin
gene 15 is synergistically activated through interactions between the family protein as a novel neutrophil chemotactic factor. Biochem
myelocyte/lymphocyte-specific transcription factors, PU.1, IFN Biophys Res Commun, 2003, 309 (3): 533~539
regulatory factor-8/IFN consensus sequence binding protein, and 30 Malakhova O A, Yan M, Malakhov M P, et al. Protein ISGylation
IFN regulatory factor-4: characterization of a new subtype of modulates the JAK-STAT signaling pathway. Genes Dev, 2003, 17
IFN-stimulated response element. J Immunol, 2002, 168 (12): (4): 455~460
6224~6231 31 Kunzi M S, Pitha P M. Role of interferon-stimulated gene ISG-15 in

22 Hermeking H, Lengauer C, Polyak K, et al. 14-3-3 sigma is a the interferon-omega-mediated inhibition of human
p53-regulated inhibitor of G2/M progression. Mol Cell, 1997, 1 (1): immunodeficiency virus replication. J Interferon Cytokine Res,
3~11 1996, 16 (11): 919~927

23 Lock C, Hermans G, Pedotti R, et al. Gene-microarray analysis of 32 Okumura A, Lu G, Pitha-Rowe I, et al. Innate antiviral response
multiple sclerosis lesions yields new targets validated in targets HIV-1 release by the induction of ubiquitin-like protein
autoimmune encephalomyelitis. Nat Med, 2002, 8 (5): 500~508 ISG15. Proc Natl Acad Sci USA, 2006, 103 (5): 1440~1445

24 Desai S D, Mao Y, Sun M, et al. Ubiquitin, SUMO-1, and UCRP in 33 Ritchie K J, Hahn C S, Kim K I, et al. Role of ISGIS5 protease
camptothecin sensitivity and resistance. Ann N 'Y Acad Sci, 2000, UBP43 (USP18) in innate immunity to viral infection. Nat Med,
922:306~308 2004, 10 (12): 1374~1378

25 Siddoo-Atwal C, Haas A L, Rosin M P. Elevation of interferon
Ubiquitin-like Protein ISG15 and Its Role in Innate Immunity”

LIU Chang", QIAO Wen-Tao"”, WANG Chen?, GENG Yun-Qi"™
(" College of Life Sciences, Nankai University, Tianjin 300071, China;
? Institute of Biochemistry and Cell Biology, Shanghai Institute for Biological Sciences, The Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Virus infection or interferon can stimulate robust expression of the protein ISG15 that is encoded by
interferon stimulated gene 15, which was the first unbiquitin-like molecule identified two decades ago. While
ubiquitin and its many important functions have been well established, the functions of ISG15 and its
post-translational conjugation are still largely unknown . Recently, some specific enzymes have been identified to
be involved in the ISG15 modification system, suggests that ISG15 and its modification system play important
roles in the innate immune response and regulation of interferon signaling. The history of ISG15 discovery and its
biochemical characterization were briefly introduced. Then such topics as the ISG15 gene expression and the
ISG15 modification will be focued on, and finally summarize new findings which have implications for ISG15 and

its modification system in immunology and interferon signal transduction were summarized.
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