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Abstract

As a complex member of the protease family, proteasome is found in eukaryotic cells, also in

archaea and in some eubacteria. In the eukaryotic cells, we now know its activity is central to protein quality control

and cell homeostasis sustain, invovled in many cellular functions including cell cycle progression and antigen

presentation. The role of the treatment of related diseases and the development of target drugs have attracted

more attention gradually. This review attempts to summarize the research progress on structure and fuctions of

proteasome in eukaryotes, especially on the specific interactions of 20S core partical with its activators.
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A B RL, BEEXTUPSEF 268 8 H B4
PR IO AN TR N BA S 2% 2RRPIH RE A AL 1] /) 5E %2
TR, AT EAZ AN R R AR S RN b

UNGE

| EEE 0L Bk

R B A I B 5 o ANMXAE TCPRES 5
AN [ M ERPES & LATE 4 B, fECPA K A 36 7%
R B T OB 2T B LR CPA Fh .
52y-T # & (interferon-gamma, IFN-y)i% 5, CP/3Ff
AR EEBL . P2RIBS 23 73 MR K fif R et el 28 1
FIBLi BIFIPSIEE AR, X T4 sl 8 £ (1 g A A% 0
M1 K (constitutive proteasome core partical, cCP), &
% e A AR A% 0 UKL (immunoproteasomes core
particle, iCP). BRI, — i MR = (1) 55 AN [R] K fig
i 5 1 (9 BSUIE 3 388 3T 5 ARACPHH S 1 i i 2 1
R A4 4% 0o JURL (thymoproteasomes core particle, tCP).
cCP. iCPAMCPRIL A 2 57 AR B IhREM. RI1E
457 cCP. iCPFItCPI¥) 3= ZRFIE
1.1 AR B BB A% D Bk

cCP ) 2 321K T &P FLAZ 20 i A4 Joe 7 i
KRR AR E G, HEAINZ o AN ZB
IRHES 5720 kDalfy i 2 [FIARIR S5 0, B — 2RI H
’bﬁ\%ﬂﬁ]*ﬁﬂéﬂﬁﬁéﬂlﬁ, Efﬁ%?’\j%n&ﬂﬁl-ﬂlno 5
R A 3% 14 7 SCBI AL T eCP P i, EH PR ZE Thr JZ ik
R PR 5 T AN R TR TG T AL R o RS B B R R CP
DI REAN G5 K 7> M 2 W, AL 2 A1, B2AIBS
FH T Thr 1 A7 177 B A AT T IF 20 0 SR JDE &
JIk B A (caspase-like, C-L)~ ik & 1 B FF (trypsin-like,

T-L) A ik ¢ 3L &5 1 B A (chymotrypsin-like, ChT-L)i%
PE, & B T KA T R B AR K P
B KB X MK AR R S M S I T3 B A i
S145 & HAR I A L R A sl A HEZ1 Y, cCPIR P A
SR E R SRR RN IS BA TR AL . —
A2 AP E a3 % LA ol N iR 2R 2 5 T R
IS ITIREE R, 53— DAL T o3 T 7 BHARZ
53 AH A3 ARIFR o B (1 5k 78 18 i .
I, cCPJ2 — MR SRFM I R, WA 4R Re i
145 Mo RN cCP N JIE A 2 1 B fdt™ . Sibr I,
cCPIZHAL G T MR CPI TG ERT IR &)
) = 584k, Bl B-HT DN TR BOE PR fi s T A
{8 Ump1(ub-mediated proteolysis protein 1)P#fiE L o
NG TTRE G5 /T A, cCPAS LR, CPA2E 11
A E X AR 7 8 A 1 1 R B RO,
[F I, S b ) SR A N BRI 5IN T i MR
B T, W R A A R S A B P PR SRR
A DLIE Gt SR AR AN B B . AN [ R R IR
fIcCPRR T E IR K i S SALA 7 DR SF AL, A%
VS PEAL R I R AR AR, B % 2ERPIEIE 5¢CP a
MV b 5 TR S5 46 T SR 5 1 DR ST B = (R A B A H
K5 FIT TR BRI TE AT VPR A
W Fida Hh, — SRS R AR T B o /e % 4% 4 i
th i 25 R cCPRE AR, HEMI TR Bh 23 51 K — M 3 K
PERIIF IR R B3, X ECRRSRFN R IR L7 E i
BA R € 5 B B I T TR R MM N B
HHIRPM, 7 40 A — L ELAH R Ak BI208
H A, HEAG 5 FOAKCP[EIRE 1) JE A% 25 0 {5 4 R i
B — AR AR — FhoIP B A — Fp Bl AR

*1 HAREBEF20SZ O AR EEZMIE R 2T

Table 1 Main types and characteristics of eukaryotic 20S proteasome core particles

(W A A AIRIE R P Y ARG AR

Core partical Distribution Catalytic subunits Protease activity Physiological functions

cCP Eukaryotes; B1, B2, B5 B1, C-L Protein quality control and cell
Constitutive expressed in B2, T-L homeostasis sustain
kinds of cells B5, ChT-L

iCP Vertebrates; B1i, B2i, B5i B1i, ChT-L Promoting antigen processing
Induced expressed in B2i, T-L and MHC-I antigen presentation
immune cells etc. B5i, increased ChT-L

tCP Vertebrates; B1i, p2i, B5t B1i, ChT-L Promoting CD8" T cell positive
Constitutive expressed in B2i, T-L selection and functional
c¢TECs B5t, decreased ChT-L competence formation

CTECs: [l i 5 b Je 40 M0; C-L: e A IRARERE; T-L: JBREE I AR, ChT-L: JRBEL &R E A
c¢TECs: thymic cortical epithelial cells; C-L: caspase-like; T-L: trypsin-like; ChT-L: chymotrypsin-like.
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1.2 REREBEEEZOHR

A HE S PS5 (FICP BIF 3EBIVLMP2, B2/MECLI
FIBSI/LMP7AE & i 40 i o A 2H i AL 3R, 1F S s 4
It S5 22 Fofr 240 it v D0 52 TEN-y 56 98 10 40 B X 115 3 3R
IE I AW B AECPIZH2E B 4RB 1. B2AIBSTT
TERICP™ . 526S4L R 8 I BFAAH EL, 268 % iR
1 Bl A B 0% SE DDA 250 g 2 B0 i A R FITSR 22
A M E A 1K (major histocompatibility complex-I,
MHC-1) 7t J 72 52 AT A7) 393 200 A 25 11 T4 0 S 2 1)
fil &+ EE ., SAMHC-12 TR T 454 K
KR, 268 4 85 I BEAAR H1 T 7K iR s P 1 e 38 v
LB 2 Hb A B B 5 7K 1 C- i 1 K B2 Huber
ST/ BRICP AN CCP df 4 25 1) I I FE 8 B, IRE7B5i
JE A 45 Tl A B i R AH AN HE 51 B 3l N R A 7
HOIF AR O ChT-Lid 7, 5 55 58 M1 S 1454 1
AN T A PR SR 7Kt 1 9 R S3 45 14 11 4% 2 ™
A2 22 A Al B K PR B R i S 2 2 EMHC-IT 5 IR
(B B 45 & [ A i /K 2 I 1A I 1) A3 G
C-Lii 1t KR PR AR I 22 I Y ChT-LiiE 4 AT 3 58 1
7 S % B EMHC-TH R K R RE 75 BRi5 P24 1A
L1, L Asp53(B2) 1 Glu(B2i)HUAX, FFARfERS = Lt 7
rhE B C- 2 (MHC- TP R R . RIBE 22 (1 E 45
$27R, ICPHEA S ¥ i (1) 4 P I E . EbsteinF5*2HA
N, 26841 B 1 B R FETFN-y 75 5 1) S8 A0 DL U D7
a0 22 BRI R BRI BT AR A AR A B R
A R B AR AR AEHF TR 1 B ASAS AT ORAP A RS P . I
KW TR B, iCPY S TAH M S 8 . 4 B 1t T4
I3 ORI 6 22 Rk S 20 i R £ 2 o DA R 70 P I
WO RAEVEZ . B B S B S 00 1 R A ik
%%[8,23]0
1.3 BORR & BEs (2% 0 FkL

A HE B Y BE 8 2 65 — IR Jl oy S B CP AL
stk & AUCPHBsi A T JE BUCP. 55147 1E T £
T AN 7], BSAN R I 5 T g Jit e J5 b iz 4 L
(thymic cortical epithelial cells, cTECs), i fif & [ i
(SRR & o =0 -4 =13 A W] i1) 73 A
410 (thymic medullary cells, mTECs) | %A cCPAll
iCPH P A% ORI . cTECs 5 mTECsH & B (A
3 (AN [F) 5 i i v A T 400 L B 2 32 43 R 9 12 o
P K. AU TR e s R il I i 25 5T 4 i R 1 5 £
MHC 751 I B4 e A Be A7, & M4 A aAE
H 5 HU R IR S R BT A REAF I 76 L34 0 Ml e

PSR, 5cTECs# M H & Ik-MHCHE A 1 DL
SRR I3 2545 TR 00 BH M 40 D e 5 43 LA TG STt — 2P
Wi G 04k NCD4 B CD S B 1 4 1 e, 1R HIIMHC-I
(1) 7346 AICD8 HE 2 4H ifd, R I MHC-11 I 531k 9
CD4" % A0 >, /N B HH BS e B 0T i fi 40 23 45 )
FICTECSZ HIMHC-[1) 22 15 A 7= A2 B i 5 1 £ 5 5
CDS8' T4 il 1) 246 B T BF 5225%, & 7nBStECDS T4
JIf B 2 3 45 b ) ER RO, Bt BSI/BSAE 4G A
PRI A R E AN . PSI/PSRHES /) H i /K 2 AR 2
T 22 ILChT-Li 14, BStIS145 & 148 4b i 7K 14 1)
B AT RN JEC P 45 A5 TV Ak Sy 7 0 P I 570 U B A1 77
ChTLGMER . S RA BT R W, 1ERCPXFl 5iCP
AN =22 (1) R K R ¥ M A A5HC PR I 41 il HHMHC-T
PE R PR K, I ELCCPW R T 72 A e s 2%
75 3PV SR TA TR 32 AA(T cell receptor, TCR)
Fict A Fk M T BT R - C D8 T M 1) BH 14 36 4% 2% b A,
Takada5 5 H, IR 2 I BEAAR R B Ok 2 10— 2D Rl
CD8 THHMITCR 7t J5 14 5 I 14 93 553, B A i 2 1 il
AAS ARG P B 14 34 96 0T T T g 56 4 CD8 T4 i A2 1 1)
SN A AE Tk R 115 5 BAKSE R /) TCRAS 5314 (1)
60 R B ) 479, 3 L PH MR 4 2 S AR T 4 A
SEATNREIE AR AE F -

2 FEBEAET R

FI Al O 0 FAZ 40 2 3 Bl AR CP ] LS 3 AN A
FIRMIRPL: &, s RS MR 7 DS T — A% 2KRP
I BEC-0 5 CP o B B 3L A m R
SRR TR BIRPE N 19S(BFRAEPAT00),
e BK B S I 44 1) ATP I PAN (proteasome activating
nucleotidase) Fl 45 1% 73 B AT 11 £ 1 4 (1) ATP R Mpa
(mycobacterial proteasome ATPase) v L [F] J& ¥, &
IR A 7K A ATP R A 47 B IR 3 1 9 W B 3 5 6
TCPA . 73 AMIFRPSE 73 3] 52 11S(H 5 PA28/
REGHIPA26)FIPA200(BIm 1072 H: il i f% £F b [&] J5
), HETAA, EATA DA 52 A ATPARR ) i
1T B AER0, 2845 7 19S. 11SHIPA200/BlIm10/Y
TR
2.1 19S/PA700

19S RP, 4> F & 4700 kDalf) & [ B A0S K1
(proteasome activator MW700, PA700), 1t 41 ity Jii Al
YIMAZ 39 o3 AT, AT LSS & 2 CP— i 25 9 I 73l
T H26SMI30S 5 H A, 11 5Tx 2 Rz KA R
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Table 2 Main types and characteristics of eukaryotic 20S proteasome regulate particles
B GRS T AR R et
Regulate partical Expression Structure Activity & functions
dependency
19S (PA700) Eukaryotes 19 subunits Yes Mediate degradation of proteins by UPS; Affect substrate
form two major specificity; Improve substrate clearance rate.
subcomplexes
118 PA280f Higher Heteroheptamer ~ No Mediate degradation of certain polypeptides and disorder
eukaryotes proteins by UIPS;
Regulate peptide bond hydrolysis activity of iCP;
Reduce the fragment size of iCP degradation outcomes.
PA28y Higher Homoheptamer ~ No Mediate degradation of certain polypeptides and disorder
eukaryotes proteins by UIPS; Regulate peptide bond hydrolysis
activity.
PA26 Trypanosoma Homoheptamer ~ No Activate CP activity of a variety of biological sources.
brucei
Blm10/ Blm10 Saccharomyces ~ Monomer No Mediate degradation of certain polypeptides and disorder
PA200 cerevisiae proteins by UIPS; Affect substrate specificity; Regulate
peptide bond hydrolysis activity.
PA200 Mammals Monomer No The same as Blm10.

UPS: 2 & [l 1R R 4t UIPS: JRi2 3 KIS A B A R 5

UPS: ubiquitin proteasome system; UIPS: ubiquitin-independent proteasome system.

Wl iz wh MRS Ko IR T CPA s 2
WL RN T B A 0 FHK 48 57 Ik Bt iz HLAS /b
TAMNMZ TR 110 2 Rz R LA B 1) R e %
A AR, 19SH 4 A AN 35 SR A
AR B R UR19SH, IR ELHE 6> R AAA ATPHEE
]IV % (regulatory particle AAA ATPase, Rpt) LARpt1-
Rpt2-Rpt6-Rpt3-Rpt4-RptSIit 7 7 B 1 55 5 S 56 44
RptIF14FiJEATPES IV %L (regulatory particle non-
ATPase, Rpn)RIRpnl. Rpn2F11E & B H 3z
2 /RMRpn10. Rpnl3; 35 ELHHOFHIE AT IV 5 R
Rpn3. Rpn5-Rpn9. Rpnll. Rpnl2F1Seml, HHr,
& H B R 0 75 %72 R A (deubiquitinating enzyme,
DUB)Rpn 1137 5 05 J&& 42 B A 1 70 G B2, iy
ATPE I FEN-3i 7% 5k 2 5 1 10— /2 T RptHh -1
[l 2 _EFRAEN-FA N T A RN H AL . ATPEE I
FE FH 7K fif AT PR T ) e B0 SR P it iz 77 54 3
fife 4t B DAIE 3 FL I8 i Rpt i R B A 38 a0 1 [R] B, i
HC-uii 5CP a¥h 38 AL il HAE 5 Fod I T T R
T E— AR 3E A 25 FLCP A JfE, HbY XX —ATP
fifg V. B C-v R <F A5 44 7E PR 3 ELAE vh g3 SRR,
LanderZs P WE 7 40 K /K7 b4 7R 1 BRI I BE19S K
HECP4 & TV 26S 4 i f5 o5 7.3k 1 2% (8] HE A1, gk
— 5 A ) R g B O 9 ) I S P 2 3R

KR, 2y A gt 7S B
A FE R I, 19S55 48 5E ££ 2 1 — DU 5 R I 5 19SS
FICPHEh, 4B A5 55 14 G 1) HF HE A $ 7R 1
HAEAF T X Rpnl 1128 K300, 7] SIE 52 & 1k [A]
()42 ok R0 ELA'E AE B0 [R]85 JEC A Ak B ) g — 25 Fh Tk
PIEEMEH . L, 5H19SWAE A4+ Rpnl1-Rpn8 5
IR A MRS AL I 4 W] DAHEN, 5 Rpn8 1) ik
A DL BhRpn1 1€ £ T 2 1 B A o JeidiE 2 b AT
FIT R BRIz 248 5 (gt H 2 A5 thah, 26817
Nz AR ) B2 2 %2 - Rpn1 01 Rpn 13 7 1
FLANYAE X — i 2 ) B ARAT AL AN D e 2
WA R . Hamazaki%EP @ it %) Rpn10A1Rpn13
BB /IN BRI 20 BT 26 B, Rpnl137E26S72 iR 7 2 1
NRpn10M THRETLA fi (6 oA AR AS 4EFR T 40 75,
[ B I, Rpn 1 3[RIX Rl B ST Dh e £ 2R AEAE B
FIBTRE PR 7 44 B 38 B (0 G A2 e 440 ) S5 R o
AN B E BRI R T R
2.2 11S/PA28/PA26

31 EE 228 kDalf [R5 8 1 Jii PA28o.. PA28P
AIPA28Y(tFRX/EREGo. REGPFIREGY)fFE APA28IHI I
BERIETESEZAEDN ., HE50%FF 5 [H I8 7 1)
1 JiiPA28afIPA28B, £ LABaBoPaf i it 7 7 il —
MIAIR-CIRRPA280P, AT T 20 . PA28yF L,
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AR FEVR-C R X AN, 5CPEE& G
AT DL T-Ly 4 10 #0  C-L R ChTLYE PE. - 55 41,
— NIk T A IRHE L HL A R 2 5 PA28 Y B A W
B 22 S R AR [R5 G SR A b i B R DL 22 b
HEWSRIECPI TSP, FROWPA261Y, PA28aB. PA28y
HMIPA26# J& T-11S RP. XPA26%) il 5 i i % £ A1
W R A0 i A SRR CP I i 1 B 1 T A o A &5 R T 9
a7 T1SIFE S I T IS PA261H & 15 e 3 1.
BEERERR AT LRI ANTEEREW, 5
CP oFf 45 & (1) C-iig AR S CPK M 7% P 1 70
1) PN 0 B0 PR TEPA26 L FE IR 45 04 1) 8 1 — vy L
MFRAFEAE . I 45 G CPI 1M AL BT A a7 3 1) 1148
G5 K6 I AH 45 7R FE Hh 72 2l HPro1 7101 4T, PA261% &
TR G . Ruschak &5 2 FH A4 A% i 3L 4% 2
B, W8 R A0 5 SR IR CPAE 1 R A7 75 2 Pk G
R AR TR NI - R, X
PR TEPA28aB I 45 A5 07 st 2 3 14 A7 ) [10) T2 8 2
oy DX 35 Y AR R 1), TTPA28 0B 45 A B CPHh i I 5
PA28af FL1E 1 AR <7 5% 255 11 58 1) e 6 51 S A R 1)
Ga) o3 A AR T 4 9 5 BUR YK AR A X ) 2 g [
I, CPYEPEAT s SR LA [FI B % 146 = RPES & 07
IR ST TR G B RIRP-CP &R & A Fa 2 PE 1)
w4
HETAIISAEFThRE T #EAZ . PA28H)H Jeil
T8 BT ] DA g SR8 2 KA R AR B P R R
B, T PA26 MV J B2 e 7] Hh Je i 8 5% HH T R BR AR 5
PR A N LS I 3 N1, 52 T-PA28, — Pk il A2,
19S-CP-PA287% & £ [ I 4 11 PA284419S-20S & &
e T —E 4R B B AT HE TR I, PA28Y
PA—Fpiz 2 FTATPAEAR S 1) 77 20 288 ] P 52 A4
HHR -3 WRFRBEFEZOED. 2 REEL
Smurf155 J LR R SR To 7 81 1 o 1 198 A o R 454 H,
L th 5% B L B s [R] B 920 S UPSI 21434, Sun )
WHFER A, B RRgH i PA28y LAV 3 AT ATPAR MK 1)
77 I8 I 6 NF-«kB 5% #0015 KLF2 ) B A 18 45
NF-kB: 12 11 7 2 B 14903 Ji 42 P 7 32 975 70 o R 22
YER . KLF2%2 58 T2 15 [F] i) 52 BIUPSIE 4% 52 i ik
KA. 5B5i—FkE, PA28aMIPA28BLE £ Fh 4 fitl £
ZTIMERFEFRE, $2RPA28aB SMHC-1HT JF ik 7=
A %, (HPA28 0B 2% /) B H 7 Ji Ak 38 % 42 Je
JUF- R 52 5210 0 G R e SCHRFIX — W s, Raule
ZEUS-ONE IR AN AR S I6XFCP 19S-iCPHIPA280f-

ICPA [F) 712 2 f 738 i 1 A 110 A A0 R N B A 7 )
AT T M. 45 R, PA28oB S5 PA28y—FE T
DA 5 RARTE 7 8 5 BAVZ R ATPAE AR 11 77 20
B, T PA28uB-5iCP I 4 & R AE UN19S I & & —FF
RGN ) 6 1 0 ()3 ok el 6, T Ak | PRI
T B AR IR B B /I B 0BT ) 7= A= 2 o R A& B R 1)
FH). SRR SRR B . HEMIPA28upIE 9 —F
AR P 7 O 42 ) B A P 0 AAACP A s P R, i
AR AT BB T iCPIE PR 1

2.3 Blm10/PA200

FIE TR B BB BIm 105 e A 40 i[5 Y54
PA200, /& H132NHEATH & 547 41 1% (1) 29245 kDa
AR BT, 2 DA% & B H B A BIm10/PA200-
20S-19S7E o A T4l M 4% 1, Re 0% B0 B A i 1A
C-LAIT-LiFHPEES, Blm10-CP-Blm10 & 44 45 F i 52
87K, Blm10 LAHEAT # & FRIRZ S 4541 & v 1.5
(PR, TRk — MR AE18 Ax9 AK/NTT it
THURE 25 46 [l S8 7 CP N I AR P2,

55198 Rpt¥h 0 & A111S-E 58 44 3 0 3 — £,
Blm10i# i HC-3ii 45 5208 17 5 Fl a8 TF T T 4,
HEBLTF 19S RptHA IV FEC-5iHbY X, Blm10 C-3i—4>
RS BARYYX/YFXTE P # TAE 53 0. A
52, 19S75 FEARRptIAAI-B FE AR 11SRERS [H] I F£ 5 CP
o Z Aol T A5 1T 45/ 4T IF, L AABIm10MY
IS B B — B [T 45 A ZR AL AR 58 A T
T W HE H, Blm1OFR 55 FIC-uif ¥4 R 5 K% 5 N\ %2
{A&karyopherin/importin B2 I JiE ft.Ran £ [ 45 & 45
FRACL, P 3 A7 AE — & SRR DG PR R

BIm10/PA2001¥) A= B Tj 68 it A £F B i, X}
Blm10-5 A B AR RE 7 LB AR RPN RA £ . Sfpl
2 TR TP T R Y R B A 1 R 9 SR ) 0 TR
TZ—, A THEEAFENLTFER IR T
I, Blm106R 2k 5 L C-uify 28 45 # 2= 5 $Stp 1 5 2
PEIE I HMG1328 II A g 2E K Sp 1375 1, $2oR
Stp 17 5+ %2 Blm10-£ [ B 4 15 5. Bl J5 A 4o
PR, tau-44 11X > R AR JC 7 8 1 B2 AT LA BIm10-25 H
B AR AR A1 B RO, TarSECT B T B, SRk 1) R
ZBlm10-5 [ B4 A T 10 26 R 44 4 22 25 (I Dnm 1 %
FiE (R B2 H 45 K9 P Dnm 14> 7 A 35 — AN 211504
R K IR E XK. A, B RIPA2007EIR FL
YT A H A RIE, S AL R RIAPY, Khor
SECSR I, /N FRPA200R B Ja b T R AR I PR BRI 5 5
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B SR AE B RE I IEAK . 2B RSB SRR 4 M =y
RE 1 7 SRR I H 38 R o oK Bl 3 A2 AT BIm 10
X 2 R AR T e () 52 M), 4 52 AL A v K S PA2001E
FDrp1(Dnm17E N 2 41 i 1) 5] Y5 470) K £ e i A 1T
TR RIR R, Brik, TR T RA SR A B
H 2> ¥ B #l % ¥ &5 [ (transition protein, TP)#& 18 I+
RAFHNEERAD . QianE R I, W)W %
FLH — B RS A PR oIl i ads/PSMAS S0 /B8 fe
955 T [ T A 4 A0 1 BT 2 T PA200- 2 [ i A4 7E 0
TR T S AR R 2H 2R 1 e, [RIIRE 2 B, PRfid
& ETEDNAE E FIDNAKL s 2. 28 B,
o i = 26 22 ik 2R K R AR B 1 i AR SR T BIm 10/
PA200-45 F BRARFEAR N B R BEAE T o 55— 7 TH, A
Blm 103} [ (1 25 4 F1 5 T CPI T 5 M &=Lk 52 4247
TEEPEHEN, ARy B ARk 7 3
TEEEEEEE T E 5 2% . WeberrussZ5 A
BurcogluZF IR BIF 58 35148 tH, 45 10300 1 1% B 44
FHHIT ARG FE I, BIm1O{R 2F 1 9% b 55 T 40 e it &
1 ¥ 1< it A7 WURE (proteasome storage granuli, PSG)H
BEACPHIRZH N . HoAr 3 5% FLE B Nup53 1 HAE
It T Gsp1-GTP(Ran-GTP1E B BF o 1) [A] Y42 I &5
& R CP, PSGIAR PRI 2% HL 25 H B4 308 € fir
T . % REFIBIm105karyopherin/importin B4
FARSCAE, HENIRan-GTPHI4SS & 75 FBIm10 A EM B
Ak AT HL DG 1 R 2 R S5 CP I LR IS5, g R
JRCP T4tz

O?WWZQ%:>£:26:>

O ATP

Target S Target
protein protein
O
© o
O

3 BiEE5RE

A% B BT B AR ST A AL SR S5 R S T X
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Fig. 1 Ubiquitin-proteasome pathway and 26S proteasome inhibitor drugs (modified from reference [65])
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