CH IR HIK6 FABTRUMBIHARTE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Sep. 25, 2022, 38(9): 3215-3227

DOI: 10.13345/j.cjb.220041 ©2022 Chin J Biotech, All rights reserved

ik

K6 dE SR 7 B 1 B 52 2 e

ALY, NG KT, 2EC

1 BMRS BE2Epe, S 5iFH 550025

2 HERPERGEEFEAMRR EadASR T BEEARES G [Jat) deatiE A A
EE A ERELLRE, Ly 102206

3 rhE B E R B A 2= S R AR OT, dba 102206

FIREL, B, 1R, 2ATE. K JE My R AEImOT 5T 3 . 2022, 38(9): 3215-3227.
WANG YH, HUANG S, XU P, LI YC. Progress in atypical ubiquitination via K6-linkages. Chin J Biotech, 2022, 38(9):
3215-3227.

i E: 2F R —AAETARAYANTOQRBFEESH, N3 T ZORGFFEER 542
G, A5TH S AGEIRNALEERY NEIKT F BB, ZEIRLHTLARE
REBAXPEHRRBRUELRA, ZEHFTUHMR 8 RRIIEIEMOR A2 E4, LEEF
HELEAE K. BAET, FEEFH KA8 R K63 2 iz T4 09154 B3k % . e RAast 2o,
m A AR A2 RN 2K, ATRARMER Y, A E S IERRAFLN Z TR ABICNLEFEE
FTEZHAT . K62 EMR T2 Az £4, 5 KA8&ARNL, BABFH LM,
BAAF R XL K62 & 45 /2 DNA B 6 . KBB4 FI2 T RETZ AT HE, EWVE
A KRR BEMEREROB AT A A ETLGER. BAT, & THZHEFHE K6 Z X/
WA 'S B F B, F8 K62 TR0 R . AN RANRTE Y, # 5 AT
HIFH—FTFEAMR . AL AGEAT K6 A Z Z 469 MBFAE. AEABEABAD R A4 5
e kA, A K6 ZEHNARARRELS .

KB 2k, FLAz R, K62EH;, FAM4A%¥; BRCAUBARDI

Received: January 19, 2022; Accepted: March 28, 2022; Published online: March 31, 2022
Supported by: National Natural Science Foundation of China (32071431, 31700723); National Key Research and
Development Program of China (2017Y FC0906600, 2017Y FA0505000)
Corresponding authors: XU Ping. Tel: +86-10-83147777-1314; E-mail: xuping@mail.ncpsh.org
LI Yanchang. E-mail: liyanchang1017@163.com
HEHEWE . EXARR#R4 (32071431, 31700723); E K E S0 & 14 (2017YFC0906600, 2017Y FA0505000)



3216 ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin JBiotech

Progressin atypical ubiquitination via K6-linkages

WANG Yonghong"?, HUANG Shuai?, XU Ping"?, LI Yanchang?

1 Medical College, Guizhou University, Guiyang 550025, Guizhou, China
2 State Key Laboratory of Proteomics, Beijing Proteome Research Center, National Center for Protein Sciences
(Beijing), Beijing Institute of Lifeomics, Academy of Military Medical Sciences, Academy of Military Sciences,
Beijing 102206, China
3 Research Unit of Proteomics & Research and Development of New Drug, Chinese Academy of Medical Sciences,
Beijing 102206, China
Abstract: Ubiquitination is a post-translational modification of proteins in eukaryotes, which mediates the
specific degradation and signal transduction of proteins to regulate a variety of life processes and thus affects
functions of the body. The disorder and imbalance of ubiquitination network is a major cause of serious
human diseases. Ubiquitin molecules can form eight homogeneous ubiquitin chains with different
topological structures, which vary greatly in abundance and function. At present, the classical ubiquitin
chains K48 and K63 with high abundance and rich substrates have been intensively studied, while other
atypical ubiquitin chains with low content remain to be studied. However, it has been proved that atypical
ubiquitin chains play akey rolein intracellular regulation. K6 is an important atypical ubiquitin chain, which
issimilar to K48 chain and has a tight spatial structure. It plays arole in DNA damage repair, mitochondrial
quality control, the occurrence and development of tumor, and the pathogenesis of Parkinson’s disease. Due
to the lack of specific antibodies and effective enrichment methods for K6, little is known about its substrate
and regulatory mechanism. This paper systematically reviews the structural characteristics, regulatory
mechanism, biological functions, and relevant diseases of atypical K6 linkages, aiming to provide reference
for the functiona study of K6.

Keywor ds: ubiquitin; atypical ubiquitin chain; K6 ubiquitin chain; proteomics; BRCA1/BARD1

Z# (ubiquitin)™E—Fh i 76 P EIEER
B TEEBEY TR AN FEA. 2
RTINS, BEEMAMZR ST H
FEAE 3N AR EN . Z R MR 14
o B2USE A 54N B P B ) SSHSSS 4541, H:
Hr, K27, K29 il K33 AT o i, K6,
K48 4bF B Fr&H, 1M K11, K63 4bFHrH X
W, ZREZ RMIGH EL. 2 X450 B2 L
Rz R E3 MIEHE/ERTT, Bz E
g3 S B 2 S ) 8 R IR Bk B T A
Mz ZAREM  (mono-ubiquitination) ; 14 1fii )i
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£z ZAkEME (poly-ubiquitination), {41 i€ 4 &
FHUbRZEAb” . AR ARz RGBT G T RER
WA R EME . Mg T . A EAE
FHAE B Al i e 0, DT & #5858 19 8 45 1)
RE, bAh, 2 BB N Sh A AT B R
&M, W R 2o RAGE R VE ARz £k
PB4 2 7 s 25 A

2 E RPN R G B 2 b T R 2 R
PRI SE LA . 12 2 o1 7 A = R AL a5
N 3t 9 B 2201 T LA 4 22 7 3% 18 A T A
8 ANz REE, % K6, K11,
K27, K29, K33, K48, K63 % M1 Z:4%!
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ZRFIBKERTE (Fbhn lledd 1 11e36 P4
B KR S22 R AAE 5 B0 0 45 14 BL il
AN}z B FLAT AN () 1) 25 [ 245 4 2 17 2 58 A [
MY B K F T, AT DARE R 5 M 2 R 456 25 3
(ubiquitin-binding domain, UBD) Frifl%l, &4
FiE UBD M ISRz ZEET RN
hiEE S0, K48, K65 K11 4R 4t Sy
SRS, KRG LL lledd ity
Leu8. Va70 Fil His68 414 MG /K K IfI 2 TR 1E
Hb, ARITHR Iz R4 G453 (UBD) YR
LA 3 FIEON (55, 1 K29, K33 Mk
FHARNS T il HL b i 2R

WIREEMREE, ZRBZ XS N
“Zt 8 (classical)” iz 2 fE f“ JE HL AU (atypical)”
LR, 2T FaEEEEE RN K482
RHEM K63z 54, WREHRCHIIRERZE .
MR R ANIZ Rk, Hrh, K48 #f F 2 H|
- R fRATE B A RRE RO K63
FEERFEIERMIIRE, WEE S S . DNA
Vit . kit te Fa s ik B i v S 72
HWEHAT, AT KeE (K6, K11, K27,
K29, K33 fI M1 ##) 2 FIEIH K Y M) HE
HRFE DI B B, KA1 8ES 5 N R M
K@ (endoplasmic reticulum-associated protein
degradation, ERAD) 14 fifg J& 391 9 4 X 1 1) J)
Wik B A K11 37 B 2o R %A oh
fig, LS5 mEAREEFET Metd 155
WG PRI K29 7 FHEEREN RIRY S
5 VR AR RS MR RS R 12, K29 A1 K33 fif
RS 1Z Z52 5 AMPK i AL B A G 6 2 45
AR b A RS AR . A
T A R . RN S5 — RV B OC . Ok
2 B9 2% IR AR LRI RBE X HLAA R i
A IEEEE R

K6 1z Rk 1550 1L fie /b 1 3E 7l

=
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T EHZ—, BT K6 ZREECMuBIHEY
TR, HWEE K6 HE A i % 2 i s S i
fifg i AN VE A, PILAR KR EE R & 7 X K6 iz
FEEMPAENLE] . Y0 1 DL T RE B BEIY o
ATAAES R B, K6 32 4% n] DL o 98 15 HLik
PR 08 5 e RS i 1 2 A S R R, e
S I R F BRCAL AT L H k2 ZILIE L K672
ik, NmiAERZ EmidfE; 74h, K6 iz
FHE T LS 5 2R 0T 4 a2 1 5 I ) 4 AR
PG K kR K6 12 REEThREn B i
RIS N BRCREY), RGeS
BT 7% HAA B2 AR M E RN R L, A
Sk K6 2 REEMLsR . AR . BERL
KA E I RE ST R E A T LA

1 K6 Z R4 W& WA

12 3 S50 ) A BT 2 D) REE 9T 1) FE BT
Peo W TR AR AR AR E2 Al E3
ANBRAfG, PRI TG Y e AR AR S N A B
M7z 24, HAT K6 2 REEMLSHEE E 2R
BTN S b 2= & A A U, R
3R (nuclear magnetic resonance, NMR) ., Jit
P X AR AR R AT, 5 K48, K11
LR, ERWBH K6 12 Z 8k FIHERH &
BRI %, H TORIK R FE BB K 1
lledd i 11e36 3% [f 4 i1,

HT K48 2 KHERSEHIMRAT LR >,
TEIRITIZ RRERSERIINE , WP 98 &l o Sk L
K48 $EAE NERUEEATLEM XS . Fushman 251
i FH 1 AR U2 75 A Hofth 1z FEakE H A 2
IF K48 HMM A% . 25K, 8 FizE
B (ZREE) TIPS K6, K11, K27
5 K48 HERAMGHL (K 1); K29, K33,
K63 I, M1 etk i 723 Al BTGP Bl K %
s, DRIESR FH T AH XTI A N 25 (A AR 2
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Figurel Schematic diagrams of the structures of
closely linked dimer chains!*.

R T AR S0 A (B 4548, A A G e S
5 F B K6 Z RKEEMH4 . Virdee U
KT — G A A I e R R —— ik
DXL 24 i TE S DR AP FIG A% 4% (genetically encoded
orthogonal protection and activated ligation,
GOPAL), EZi& T fZ % iy sk MLt
PEPE R M Fi 1k (genetic code expansion and
chemoselective protein chemistry) #ric A,
POV SR 20 AL A1 B0 T & iU E 1Y
R, MNTHXMITES IR T K6 N —
RAK, IR T BRE A BEHE AL . BOE Ay
SUESE T4k K6 EHn) — R0 it (%
S AL e IR . BESS, AT XS
AR EE K6 5 RIKS5H, #H/5 T K6
B T RAK SRS O AR X IR B AR, AR
M, WPz RZ e A AR, 55T
LS H Al BEAT BT 2251, ATk — 2D e R g iR
KBTI ERFGE K6 SERZEH . 25 %
K6 5L K48 HEP—FE e b ol fER F sh s
ARG . BEJT, Shahul Hameed 2519 ]
B ILIRIESS T R A3 1 BB LA [R) A A 52
FHETHR T . B, ZlfERER K6 2R
FEAFAEARI RS, 2L lledd F 11e36 Jy iy
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Mz Z G /K R A B B U BB 454, %
itk Bz 2 AR SRR, H ik AHEAEH]
FE K6 BYTAE X i = a2 3 Fh AR A
T RARHZ SRR db AR Sk ST AR K6 5 5
— BRI CA N B eV S A Bl
PO NI NP2 N TS IS SR A o Gl =
IK G5 XA SO T & T N R —
Ak, FECH HASA MY B A Bl 2 AR AT
S YIEE . UL, A AT BRI A X ) BT TR
TP Bh ZS SR AR 8 R B — BB 5 B VR AL .
Shekhawat %5290 FI 40 3 45 11 Nlel i E3 %1%
Mg P, ) 19F BREIAR A TR R K6 %
#1Y diUb-CF3 (-83.10 pm).,

2 K6ZEHMMHEA Y X

CEMAEN-FEENEARMIES B
Wi, 252 EY¥ . BERIRY
B B0z RS 5 2 D RE 5T 1Y T
fille BHAT, ZRES AR %2 3 B
PR B

PR A I i 9 ()92 2 i 28 R0 38 8 43 0 P
FRAREWE . (1) MM T iz Z4ERe 5 M I bk Bz
R ) ARz R M, Barmlkibz
ZHER P T8 K48/K 63K 11 il M1 54114
= HoAb AR Az REEMPLIR, APiikmres
PR A, HHBEAT; 2 %6nT
w2 E T B A, A it s R K
PESHE R K RAEMATIZE, ST
ZEST LR, SRIER . I mHE W K Y E
FIAZ ZRAEE R, ORISR TAR bR, K
DRe Sk, (AR EEE 28 . BERRK

TN, BT N AS A 912 R TR A ]
(972 25 B 10 S A R0 B RS R ) 121
Bilan, Sk H Dako WPz RYUAEA RG] M1 £k
PEBE DL ) KA8 Ml K63 %%, L, FK1Piitk
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SRS KA8 B H LM ZEIRAA, T FK2 BTARIL S
gE4 M1 ZetEsEmi AR K48 B K63 12 55k,
I, SRR HBERR STz R PR TR ZE R 2
KEZ, BT, HTHZEHX K6 Z Rtk
W5 & ARG, BIERY 2SS K E K6
TR, FEEESHMMARE K6 HiR
B (HAth K 287458 R) Fl K6 Hgedr (Hth K £
) WMATZEREST, EEil A TiZ8 N i
IARZE (I0 Myc., Flag 303 HA #345), i
WREBEET K6 ZRFEMBM ., DXFP RN 55
TR PR A HORRRE , B BA P A 9 A v
BRI 132 ik B 0L FH A L

JOT P 2 — A AT AR RS A I A 1 A
DL KA s A 0 T, TERR ) 208 508 1l R B
A RIUBERAETZ R A 5 55 T T & 5
EEEMEM. ZREASTRE AR
WEHRE, &7 K-e-GG R IE KB, HRMtZ Rk
BN M5 B 2 RBERIRE & ™ A FRAE IR B
RFEAFPZ R R, FHZ LT LS
XF K6z REE S S, T a B F b
M), IR S5 28097, KL T A EX R
KFR . HEEHBRY B AL A, FETEMRLEyZ
REERA, (HRTIEMEME RN R, 5
Hh, BRREZRMBM, i 1SG15 Fl Nedd8
1B 28 J 2, 1 A 5 R AR 2577 A4 K-e-GG iR
B, 38R ik gk KA i A BH T

Middle-down JFiifik, GL4ETE H AR KT
FRGIPERG DI Lz REE, FRlRTE Arg74 Z )5
HEATUIE], XS5k 2] B R 1E B e B A
TEERD, HC 28 R AL 40 i b S BE Y
FRE, JER DA E R EER AL, AR IR L i 4352
1Y K6/K48, K11/K48 Fll K29/K48 & 4 i)
HEPS ARG — ST, — BRI T TR
B4R MM (LbPro) 3% M 9 v 1 i 2 i HI R A
DA 710400 PR 10 S 4%, I i LA R B R S
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PIEZ & Arg7a WfE ST X ik ARk
Ub-Clip W75, ‘B REMS ik 40 i b i 2t
BLAS 5 A ) 23k 20%9 R Gz &= & U
o SR AP s gk R T K6
WA RS S, ATREA T K6 1z
FHEM DRV LB AR S

bR T HUIRTE S Gk DAL, 2 REE A
&, (UBD) hLnl - FilBIfgs Gz £, H
RICAfE T 20 ZF AR UBD HEP), H
J&, ARIEH UBD XA [ 28 I 77 R85 A A [
(g 4 BY L . Hhr23A Fi MUDL 992 Z A
LB G i K48 5% i NPI4 BG4I
il K63 BT, 11T UBD flr sk det:, (i
N T A UBD Tz R ik ke & 4 21
TR . RN K B T —F T L2 & 28
T REEHATR I AR R - N TR BX A58 UBD
(tandem hybridization of UBD, ThUBD)™¥, #f
BT RIX UBD, ThUBD 5z ZbE LG H
EASEE ., BN, EXITE 7 AR R
BE R LT Jo 0w 25 ) v 2R AT o 4R B ETATS
SRICIE AR SR Ke ARHLAI Ay Kok, K
KBRS K6 17 REEFF R IERZ REE A
MR T K6 12 Z4E AT 5T B 2= L,

AN, Michel MA Z55EHH T K6 Affimer 1)
FARTTUUAE N TR BRI gn i Ke &5/ 3=
FEfE S ffiTE S T — Mg T-REx 293
AR, TEAM RIS RS K m R
(hemagglutinin, HA) Fric i 40 #2400 #% Nlel .
H5RIESFRENWAMMAMLL, MITEHIFSE
ik NleL WKz R[G5 &A BELL, H
FIH K6 Affimer KlAEAM(E 5108, 1iE
BT K6 Affimer R LLFHFAG I 4 K6 #5145
WY o

TEAE K6 BRI AR, BR T Affimer 42
RUSL, ARELEEKET —FMETHNIERS
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ANTIZ KRN, SCHXT K6 12 ReEEIhIEY
B I [ 7 0 o HAZ O 1) B R 0 R P B T
TIRZ F 5y FAN, BFRB—F N I A 3R
Maifb % (W2 RHADRIEEVR
W) AN TIZ RN T, %5 T 1 H A
MRAER AL AAG AR, FARER K6 i, x4+
HEEA AL K6 12 R BE M A B AR i HAh Tz 5 .
AL S AL I 25 G R T4 R S
BUIE [ i A A K6 BERY IR & 1. FRATIERA
TRIEANTEZREOEKER SR ERES
Y RO T B 25 S, R R OE AR R AR
B HAE T ard; AAMER T A
Tz Z 0 DA RO3B Az R4 N K6 2 F
B, 18 2B R WK e AR R,
16 1 JES 40 %) O 3 0 T REATF 5 4 14t T E AR
B AR LK), MiE—HTF R K6 JEAlz R
B Thept iRt T EE S

3 K6ZFEHMA MY R

R, Lam ZBYERFSE 4 26S K H A
PA700 J8#% 5 &9z 2 57 K 0 e 5k il
R B, PAT00 R T AT 4R K48 4 LI Shik Al
H K6 Fll K11 2 %17 24k . Baboshina %75 %
R 1 Rad6 (Ubc2) ik s i il g 3 1 K6
A Az PR B3, Bl A BF 5T TR
A, K6 Z R MY U Re sz L7t .

B, BESEE B E A OG- BRCAL/
BARD1 5 —R{k5 K6 2 KEEfF7F KB,
Wu-Baer 450858 i 584517 R HYEH 6 (i R R
KR (K6R), KRIMEIAE Iz REER & hElE
%, IFE T BRCA1/BARD1 fi#Efbit i K6 1%E4%
iz ZE A4 . MorrisFl Solomon®NiEI] T K6
17 ZHEIE R E BRCAL/BARD1 5 — B A
AERTNIER, HZ57T DNA ZflfiEE
i # (K 2). TiJ5, Hiroyuki Nishikawa 217
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R 3% Hr - YGIES: T BRCA1-BARDL fiifk
K6 iERM 2 REEMIE, HIEW T K6z &
A a5 BRCAL/BARDL 5 Bk, 41| H;
EHBRERNER (K 2).

FAh, BORMZ I Kk RS E L K6 12
ZHEM R, ki, Ben-Saadon 4:PUAFSY
KW RinglB 234 i K6, K27 #il K48 iR &
Z R EeE; Lin SR B —Fok [ i ik
KWHFFH# (EHEC) O157:H7 Y40 50w T E3
M NleL (IE Lee Zwft sk ny 7% 2 ) ol
DMiEfl K6 Fi K48 #EIE . (Kl 2); Hospenthal
sx B ] NleL HRAh Ak ok K6 H
polyUb, AT E fi% X 33 Ffr 3F ML 78 () 77 2R 4 28
RUEAT B0 B9 A= AL 25 48 A7, FLUE B & ap
PLRIS R K6 Fl K48 HE4T1Z 255 i 4 fif ;
Nguyen 25 *BF 57 % P2 2 % 2 UbcM 2 23112
/b KO FERY AR, B UbeM2 & B A <1 B
S5 T . KE AR RS LY
AR, WIEKTR K6 Z R fe2 5T Lid
R (E 2).

4 K6ZEHWNHKR

2 FZ B —Fh ] 6 5 B S B, (H
25 K6 1Z ZHEH bR i A il FAIL ] i iF 5% i
W BN K6 ZREEEH TS 51
Y T HRAE R, R E A ES
5 K6 Z ZHE . Wu-Baer 251 i te 4k
SPESES ARz £16 BRCAL IEA RN, Xk
M UBXN1 HEHAF LGS Az F1kr) BRCAY
BARD1 % — %k, UBXN1 ¥ N i) UBA 45
Fyll4h 4 BRCAL -y K6 4%, ik C w41 LA
ZEARKH X5 BRCALUBARDL #HH {E
M, 5 UBXN1 454 &Mk BRCAL/BARD1
1) E3 4RI VE, FRIR T K62 R Ak B Ak
£ (# 2.
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Jredal N

K
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Complete DNA

BRCA1 can induce the formation of

K6 chain during DNA repair Generate

=

$
N
UBXNI &
7 — . UBXNI
&
Q

Ringl B RinglB

E3 ligase linked to K6

ﬁia} g

c K6 chain
C&) Remove )
El Activation Combine _J -
& with E2 @ =
E2 with K6 / Deubiquitination inhibition

2 K6izZR¥EMERSBK

A: DNA #iift5its5E ; B: ik K6 W E3; C: 5 K6 4541 E2;

D: UBXN1 f# N ¥l UBA 25K 454 BRCAL FiY K655, E: Al F5[% K6 & iy AP 272 Z 1k il

Figure 2 Generation and removal of K6 ubiquitin chain. (A) DNA damage repair. (B) E3 that promotes the
formation of K6. (C) E2 that binds to K6. (D) The N-terminal UBA domain of UBXN1 binds to the K6 chain
on BRCA1. (E) Two types of deubiquitination enzyme that can remove the K6 chain.

BE Ak, A B 7 1S i R 2ok A5 5 4 il
Parkin 7548 ki 403 K6, K11 F1 K63 4%,
M USP30 J&—Fi i TERIARZ 12
ZRACHT, R DL SR S B B Gk A b Y
K6 5547, Gersch 28] KEiIESZ T USP30 7] LA
P9 K6 2 K8 (8 2). 1 Durcan %N %
oy —Fp 2oz Z AL USP8 1T LU S AN Parkin
FRBREAEMGE R K61z ik e )5 r AT
5E0 % B PARK2 7 H B | E BRIl K6 2
RuHE, 1M USP8 AT LIMESER bR K6 iz =k, i
WA ZEET PARK2 RS TEFIIIRE . LAk,
Ordureau P55 /R T —FP IR 5l Parkin ZE48E 4k
RN AV I NIVES R TR N (i IR ) i)
Tl i, EATRE) K6 vz R TELRLAR T
R EENE . BRILZ AN, RinglB 1 Bmil
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£ K6, K27 Hl K48 (iR 412 2 5ElY,
M ARF {21 7] Aok £ M BH 1F RinglB H &
Z ZP?, HUWEL 7 4 & i N L &1
it K6 &7k EB% ) Mevissen 45 2 45 #ih % 35
T OTUD Xz Z AL, i ksh = N R
OTUD3 #] LIS £Br K6 Fl K11 %z 1L
7 REEE

5 K6ZRENEMFNRIHAKR

51 J&fE

Pt AT A 21 20 Br g AE A 5T LA
(International Agency for Research On Cancer,
IARC) A ki W hE B4l , 2021 4F 43k
WRFEIER P 1 929 Jifl, FETHEH] 996 7
], L R g B G NEGE 226 U7, i N
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220 U7, ZFLERIE E B R AR A — K
AT o JRAE AR A AR A SO AL Ts g L BREE
15 YL S5 5| R N 2 N A A R AR I R R B
BRCAL & — 7l B 15 1t A% 1k FL AR I A S iy
A . 7F BRCALZARAMBEM T, B
FUR Y LR B A 85%, F& KTk fEFL
W 1 & 242 1 BRCAL i 5s A8 1y
P BRCAL %A 5 I il BRCA1/BARD1 57 — %
{£14157 | BRCALBARD1L 5 — B (A& - E 14k,
K6 17 ZEEMIE ALY, [FiF, BRCAL X AJfEN
L ZRYTERN AT Az Ek, AZ Rk
S5 H K6 45 BRCAL i, ffifg
BRCA1 F1 BARD1 Z JIK7E {4 P 3 ik i 41z L AR
o ILAh, USP30 Al A FREfE K6 1z R4k H
USP30 J&41 & Hi AT e AR Y . Wang
2% ¥ USP22 AT L2k PD-L1 1 CSN5 #Y
K6. K11, K27, K29, K33 K63# Mz K
B, DT S P R A
52 MHEHRER

T4 # % (Parkinson's disease, PD) X 44
REURSE, &P LT 2EANN S R G A
YRS o SRR BT B 42 1 5 G AL 0 4 AR5 0 1Y)
FEPRA IO DR, R v 3R A LR AR R
WA AR NIRIT R T/, ARk,
K6 Z RS REm AL . ZRRBMEH
0, 7% W % T K . Ordureau 25U 5% & 31
K6 Fl K63 4 7r Lo b4 Jon s 45 il v A 4% o 224
Mo narprid, Xz 20 USP30 F¢ MRS IR
LR 1Y K6 £, PIHZ RS Parkin
FIEE FIPAEE PINKL 3R 8) i 8ebifk b1 K6 & .
USP30 113 i 23k 43 JS bR 2 72 5500 4 AR AH G
M SZPERAR LIz R, FRAR T LR o i 4
il B 11102 Gersch 251 g fff 5 v Uk W HE i
Ik USP30 i 4 ) 2 348 5 4t 26 70 Hp 20b 4 1) [
i, AT 5256 22 1 Parkin A1 USP30 #5431
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IR TXE K6 {2 RaE M 4% s R R &5, TERA T
K6 [Fr S B2 BRI, H K6z %K
S5 RN AREREFS (B 3). i,
Durcan 2B R T —Fhgr g R pLE, B
F97 i USP8 st i pRAE A K6 4
()2 BT A T 00 4 AR P R A, ST
TR AR R TR Th R Y
5.3 DNA #1518 E LR HithTh &e

EAMFLZMIEN, K6 XS5 T
JURH A ¥ X% DNA BRI . IS Ke A G
BRCA JEAVESN HR 852 1) 5C S g 35 A i 3
e, HgmmbryE a2 s B A&
2H DNA #1451 (K] 3)., Morris 2558 i+ fgs 2
B 5 L UE A A R A A B 5 | R 45043 )
BRCALl 5z 245G 453t i T & i SR
DNA &&= fi s, HWNEME BRCAL E Iz R4
HHEMYTEE K6 525, ik, BRCALE
]2 R R AR S W, I o &2 il
DNA $iiffi. s, AMTIAN K6 iz E ik 4500
DNA #5158 H 7k, MmE(E S
R A P B DNA 45 58 Fl /el 5% i A% /MR
T e BT 4 59 Jung 45 154 T I 1 4 B 1
Hela 4017 iy 40 M 53 25 5550 s, DNA 4
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