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(EE] a6 @0z ZRFER MK L1 (UCHLL ) f5 2848 5 11 -5 55 A2 AR 1 a0 /0N BB H: 2
BRE, oA HAE /N BRUR BE A A B R G R I E R BRI . ekl A A AR R il £ UCHLL
RZEAE (C90S FI93M ) FEFA: RUEE 1 545 B H K S- #4880 (GST ) MImh& &1, & il S BoAR R UCHLL BiA:
R 5 GST WA A& A . UCHLI MR H A5 GST MRS . GST. PBS 4371 5 2l /N BRUA s i BE 41 i,
SRS EE SR B A I UCHLL B AE B 1 5 GST WRl& 2 H, 43 BF2E R UCHLL ad 4% . UCHLL (193M) siZE748
RISz 2K ARG PER i UCHLL (€908 ) S84SR IR st B4 & i %d (GVBD) R, 4>
2 UCHLL (193M ) mi 58728/ INRAS P AR AL/INER I AR R I O B4, RN 55 3 h /G LEBIL GVBD %, 4 % BigE
S UCHL1 A= R (1 R S A8 IR 5 GST MRS B LIRS 4LZ 8] . VST GST 41, 5+ PBS 41 BRRE4 il GVBD %24
S TG 2L, fERFRFE SN UCHLL & 5 GST MIRl& & F 241 0341 GVBD 5 JGTE ST 7 st BE 2041
HWESW IS EE X (PE>0.05) . 5P UCHLL (C90S) 5 GST Rl& 2 1 204 /b /A &I Op BE 40 Ao h &
B9 M T3 51 AE 40 5 52 IR AR B4 R YRS . UCHLL (193M) #5788 /N A= 2 i 199 5 5 40 i 4 4h GVBD
REAERNR LR 2ZRTGI4REY (P>0.05) o & 7e/NRIPEEA A msMEYE UCHLL . A SBUREHE
UCHL1 (193M ) 7828 R a1z 22 7K fiff i M 3 2% i) UCHLL ( C90S ) %?&W@T?ﬁﬂmﬁﬂﬂéﬂiﬂﬁﬁﬁkﬂg GVBD ##2,
UCHL1 (193M) #2875/ O EF40f GVBD Z78 o534, {1 UCHL1 ( C90S ) 2875 ] GESZ MM 1A 1T i
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C90S and I193M mutations of ubiquitin C-terminal hydrolase L.1 do not affect mouse oocyte maturation
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[ Abstract ]  Objective To observe the effects of ubiquitin C-terminal hydrolase L1 (UCHL1) mutant protein
and wild-type protein overdose on mouse oocyte maturation, and analyze its role and interaction mode in mouse oocyte
maturation in vitro. Methods The fusion proteins of UCHL1 mutations (C90S and 193M) and wild-type UCHLI1 proteins
with glutathione S-transferase (GST) were prepared by recombinant protein expression technology. The fusion proteins,
GST and phosphate buffered solution (PBS) were injected into immature oocytes by microinjection technology, or wild-type
proteins were added to in vitro culture medium to analyze the effects of wild-type UCHL1 overdose, UCHL1 (193M) mutant
protein addition or addition of UCHL1 (C90S) mutant protein with loss of ubiquitin hydrolase activity on oocyte germinal
vesicle breakdown (GVBD). The germinal vesicle oocytes of UCHL1 (I93M) mutant mice and wild-type mice were isolated
and cultured in vitro for 3 h, and then the GVBD rates were compared. Results There was no significant difference in the
GVBD rates of oocytes between microinjection groups with UCHLI1- or its mutants-GST fusion protein, GST injection group
or PBS injection group (all P<<0.05). There was also no significant difference in the GVBD rates of oocytes in the group added
with UCHL1-GST fusion protein in the culture medium compared with the control group without injection or addition (2> 0.05).
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A small number of germinal vesicle oocytes in the UCHL1 (C90S)-GST fusion protein injected group progressed to M I stage

oocytes in vitro, and the polar body was larger than that of the control group. There was no significant difference in GVBD rates

of germinal vesicle oocytes in vitro between UCHL1 (I93M) mutant mice and wild-type mice (P>0.05). Conclusion The
addition of exogenous UCHL1, UCHL1 (I93M) mutant with toxic effects, or UCHL1 (C90S) mutant with loss of hydrolase
activity in mouse oocytes do not affect the GVBD process of oocyte maturation. The GVBD rate of mouse oocytes with UCHL1

(I93M) mutation is normal. However, the mutation of UCHL1 (C90S) may affect the formation of polar bodies.
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BB 20 1t A% AT B 5 2 R AR R
%4 ( germinal vesicle breakdown, GVBD ) FI%f5—
WAHIHER L BRI R IR, A A SR IR S R
Feikz FFRFAR b K f# B L1 (ubiquitin C-terminal
hydrolase L1, UCHLI1) , H.&H & & &5l EEE
FHR U 1%~5% > . UCHLI & Bk Ak b w5
TRSFRYSER, ZEBR A0 AE T & 3Ra5, I AT REAEBp B
L RGBT R AR, AN g B RE 2 R e ]
UCHL1 MfERIJE, 40 R4 76205 1 Rysi s o 24 rh
JE Y AR TR S0 o S A - 0 L ) 5 AR 5
IR, GRRELR A Y B SO — Rz 2R
At/ K i, (R 5Y & IR A R AN
PR EHE L L O P S A 2 SR B
FE R UCHLL Y JLAM s 5878 BATZowm /e . 1]
, /NEUKZLZTH UCHLL B95 90 {37 b 2 ik 2 A48
Rz g R (C90S) J&, HoKMmEEGYEINIS, HLEn
HE AT B0 R B R PRI s TR N
SRR EZ PRI, UCHLI FI 5 277 o i i v
WE G A B IEES :80 UCHL1 8% 93 i 5e 4
MR As MR AR (193M) ™, BEMIS A i 4 2%
5L ARSI WS UCHLL SR8 1 5
AR R UCHL 85 P16 2544 BB 240 )i il st R 1)
S2IR, 43 Mt UCHL 7E/ BRIP40 A g b K FE 1Y
YER B AER 7 =

1 #EFT %

1.1 ZE8shdh, RSB RFRXA  3~4 JiIE MM
5§ A= 78 TCR /)y BRI T 1 ifg 7 57K — A EILSE 56 3h )
HIRAR [ A= liES: SCXK (J) 2013-
0016] , UCHL1 (193M ) i %€ 4F C57 M Bl i A<
A 3 ) 1 . pGEXAT-3-UCHLI # 1k 5
pGEXAT-3 Sk i F R DA EHREE RS IAT
iR TR E AR, T—80 CRRMRA Tk
J K7 B DHSoH I 3. DHS50 fi1 DE3 J8 32 25 B

ubiquitin C-terminal hydrolase L1; germinal vesicle breakdown; oocytes; protein microinjection;
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TOP10 4R . Bk #i7] £ & D2000 DNA 43F
HAREY) (marker ) 1 [ KRB (Jbs0) A
BN F], AZ LR iR 20, DNA [RIBGRF] &
W A b 6 B B %A RS 7], DMEM/F12 85 55 3
g [ 3% [E ThermoFisher Scientific 2> &), 5 N 3% %
R -B-D- ¥ FL BT (isopropylthio-B-D-galactoside,
IPTG) M HAETAY TR (B ) BIOhAaBRAH,
A5 SRR AR T, EERHREEY) (yeast
extract) W H % [E OXOID 2~ &, 4 Mg H & H

( bovine serum albumin, BSA ) M H 3% [E BBI Life
Science 23, BR#IMEPNVIEG . T4 DNA B0 . =
{EfF (DRO10) . 10X CutSmart B 1 P Y il 2%
MVRE A EAY TR (KiE) AIRAH.

1.2 B EAEREGH A% & UCHLL (193M ) #=
UCHL1(C90S) 5 R % 4%¥& JPrimer Premier 5.0
AR ITG14. UCHLL (193M) Zwfth 550514 -
UCHLI1-u5( 5-“TAGTCGACGTGCCATCCGCGAAG-
ATGCAG-3") , UCHL1-u3-mu ( 5~ATCAACCCCAT-
GGTACCACAGGAGTTTCC-3") , UCHLI-d5-mu-

(5-GGAAACTCCTGTGGTACCATGGGGTTG-
AT-3") , UCHLI1-d3 (5-TTGCGGCCGCAGACTT-
AAGCTGCTTTGCAG-3") ; UCHL1 (C90S) Zifith
J¥551%): UCHLI-u5( 5-TAGTCGACGTGCCATC-
CGCGAAGATGCAG-3') , UCHLI-u3-mu ( 5-AT-
CAACCCGATGGTACCCGAGGAGTTTCC-3") ,
UCHLI1-d5-mu ( 5-GGAAACTCCTCGGGTACC-
ATCGGGTTGAT-3') , UCHLI-d3 (5-TTGCGGC-
CGCAGACTTAAGCTGCTTTGCAG-3") . 51
HI RN RIZR (Bl R 2 AR 5

MR E AN ET RS [6] , &

b . (1) FH LB AR 77565 LB [
TRBE 320, BRI AE;  (2) IR, B0

(3) fl 48 B ki, W Wk B S R AE; (4) LU
pGEX4T-3-UCHL1 kL A#iAR, 43l LA UCHL1-u5
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1 UCHL1-u3-mu, UCHL1-d5-mu #1 UCHL1-d3
o 51 ¥y #E 47 4y B PCR, #4 # UCHL1 (C90S)

FIUCHL1 (193M) %65 )7 5] 4K Br (s R_ 42
UCHLI v Bt ) ; (5) W)4k15 UCHLI s 7% i
Bt; (6) % 4% pGEX4T-3 ffi ki 5 UCHLI 5 58 7%
R B, AL TOP10 4078, ¥ 3428k, FIH PCR
IR TR (7) PRk R g, HEAT IO

(18) MM Jy 1 1Y Bk v 4 B2 ks, §% 1k DE3
T2 AT, PRI e YT R B IR, R A H

(9) Aifb i P TS . IRIFAY A DR T AR S- 5%
# M ( glutathione S-transferase, GST ) 5 UCHLI
B A AU B T 5 AR B Y RlE 8 A3 e o GST-
UCHLI1 ,.GST-UCHLI1(193M ). GST-UCHLI1( C90S ).
1.3 UCHLI %R Z &G £ RIP 5 20 fe R i 42
P gAE R AR S HROCHER [ 11 ] 7 RS B RN
SR U DN REA AR (AR 0 S B RE2 A ) o 3K
A5 ) A 80 S R B 248 3 S TG S TR B ooy B4

JCUESTAS N GST-UCHLI 2. %4 PBS 4. 1 4f
GST 4. 14 GST-UCHLI #H . &4} GST-UCHLI
(193M) #1. VEHF GST-UCHLI (C90S) 4. #shn
100 pmol/L 3- 5 T % -1- H JLBEIERS ( 3-isobutyl-1-
methylxanthine, IBMX; E[E Sigma A+ ) 2H (FH
PEXTHRZL ) | ARG AAS N, 38 0 B A
AENE ) B 1 B8 e S 28 R A B B2 i, sl A
PSR e R | B B A = S | 3 S B
FIESINF 15 0.1 F10.2 pmol SV.2H (s AH R A9 X iR
H) . W57 3 hE, TR WA IR Rk 40 A R
THoL (2 A% GVBD) o GVBD# (%) = (ff
175 A0 OB 41 M B — A= A i B B R AR ) /A7 1Y

Fragment

Fragment
length/bp M

2000
1000

500

250
100

UCHLI (C90S)  [ength/bp pGEX4T-3 M UCHLI (C90S) Fragment

BREEZR AL X 100%.

1.4 UCHLI (I93M) &% % /N R A &L 6000 97 HF 4m
PRI B F e S HUUCHLL (193M ) s %8748
INREEFAERDNRAS 3 H, SRSk [11] Jrikak
B8R/ R 2 BRRE AR, 1555 3 h R AR
BB 4 AR BT 1155 GVBD 2. B HU/NEAS
B 6~7 /A & 16 1 BB 240 LS i IBMIX A Sy BH
Xf R

1.5 %itsabs® R SPSS 21 #4478 Ab
M TR A A MBSO & S5, 2R R
H 2 K56, K6k (a) 4 0.05,

2 & R

2.1 UCHLl &R EEGTHLX L4 EiTs
B PCR J7¥54F UCHLI ZRt5 7o rh 5] A R4, 1
iy Ha /N UCHLT (C90S ) AT UCHLI (193M )
ST AN B, I HAEMI NGS5 Sal 1 FilNot 1
HA N YIEEO 8. 73800 B2 B E A e vl
k, FEBRIEMRATI (650 bp, K 1A) , FIFH#%E
J5E DNA [m] 38 71 £ (5 05 DNA H B, 24050t
JEE A I v B 2R 127 ng/ul. FFH Sal 1F1 Not 1
ML) pGEX4T-3 ik 5 UCHLI f5 5878 v B (&
1B) , #Efic DNA [, W45 25 2 H 5 B
DNA ¥ £ 43 51}y 47 F1 64 ng/mL. H5 28 1t XUEET)
(ERAR AN UCHLI 55,2875 i BV B ARG )l H 4 383K
K, AL TOP10 21 15 47 1 ok, 32 BUT k. F)
PCR Jr ke B4 ks va b, Pk 8 AN ek &y
iAW) UCHLI j558% B (| 1C) &

Positive clone

length/bp

B 1 UCHL1 (C90S) 4REBFFFIY 18 5 EARIA R EHEE
Fig1 Amplification of UCHL1 (C90S) coding sequence and construction of recombinant expression plasmid clone
A: Electrophoresis of UCHL1 (C90S) coding sequence amplified bands; B: Electrophoresis detection of empty plasmid pGEX4T-3
and UCHLI (C90S) coding sequence amplified fragments after double enzyme digestion; C: After the recombinant plasmid was
transformed into TOP10 bacteria, the extracted plasmids from different clones were detected by PCR, and the positive clones
successfully recombined were screened and initially identified. UCHL1: Ubiquitin C-terminal hydrolase L1; PCR: Polymerase chain

reaction; M: DNA molecular marker.
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R T k2 B Bk 3 A0 A B v e v o 4 TR
PRI, RO TR BORL DNA, i id
PCR 4" S AT BUR AT, P25 R R n A S
UCHLI ji 572 Fr BOE 4 IE/, FIr Ay i e 97 S 5%
LSS (B 2) o S EHERL, &

UCHLI (193M)

SE L AMEH ORREEAIE SRS, SRS Sl
WYLk S ai e g5 R, WoR B4 E A UCHLI
A AR K/NMES U (50 000, K13)

T HL 20 FF BRI A ST K

UCHL1 (C90S)

300 310 320 330 EL L]
ICAGACCATCGGAAACTCCTGTGGTACCATGGGGTTGATCCACGCAGT

1] 300 ET] 320 330
AAGCAGACCATCGG AAACTCGTCGGGTACCATCGGGTTGATCCACGC

Wil

L

2 UCHLI1 (I93M) #1 UCHL1 (C90S) #RA5F 5458
Fig2 Sequencing results of UCHL1 (I193M) and UCHL1 (C90S) coding sequences

The sequencing peak map of the calibration area is showed by the black horizontal line, and the mutated bases are underlined.

UCHLI1: Ubiquitin C-terminal hydrolase L1.

After elution After dialysis
M(X10) M1 2 3 1 23

170 A
130 A

95 A
72 A

55 4
— e - — - —

( 101

43

34 -

26

3 BE#EARE GST-UCHLI & EAKN
SDS-PAGE 4} #i 45 5R
Fig 3 Prokaryotic recombinant expression of GST-UCHL1
fusion protein analyzed by SDS-PAGE
1: GST-UCHLI1; 2: GST-UCHLI1 (C90S); 3: GST-UCHLI1
(I93M). GST: Glutathione S-transferase; UCHL1: Ubiquitin
C-terminal hydrolase L1; SDS-PAGE: Sodium dodecyl
sulphate-polyacrylamide gel electrophoresis; M: Protein

molecular marker.

2.2 @it RAES R A IR A PR m UCHLL &
G KA S R T AR I A 4w i GVBD £ 4930 45

[11) A BSGEA BR B 240 i PN S A0 559 0.1 pmol 5 0.2 pmol
@il & # M GST-UCHLI, GST-UCHLI (193M) .
GST-UCHLI1 (C90S) , LIRS GST 5 PBS 1
SR, H55R 3h A, WER&4H GVBD B KA1 L.
ARSLHE 0.1 pmol i i R EL 3 YOl Sy 8 A L, 0.2
pmol F TR EL 2 Y 5 S5, LR AEE S AT
giitobr. & 1 eI, B3 S GST-UCHLI .
GST-UCHLI1 (I193M) . GST-UCHL1 (C90S) .
GST. PBS %4z [i] GVBD % 22 R L4 it %5 X

(P>0.05) . [AlW}, 7E35FREH SN GST-UCHLI
20 GVBD 5 Jo i i JC s vt B ZH AR L 22 508
Guit2EE L (P>0.05) . Uil UCHL1 B4 7Y K H:
C90S FT193M AT ARER ) Ao 38, DA e 37
FE U UCHLL X/ OPBEZH M GVBD %341
AW E, FES PBS 4 GVBD K T ICiES G
I IR AL (P<<0.05) , Ui PH S A S HRAE T R
XFF BRI A Y GVBD 72 A T s2 i, $8( GVBD
AR, b Ak, ARG FE F G 0.2 pmol GST-
UCHLI (C90S ) filt& 8 A ML), Dtk L
I 5P B0 A A 2 7 S M3 B9 B 200 i 5 A
PRET B2 I R R (&1 4) , BB A
it ot
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*1 SAPBMAALES 3 h /5 GVBD RHLLR
Tab 1 Comparison of GVBD rates of oocytes in each group after 3 h of culture

Injection protein ~ Baseline GV After 3 h of culture
Giroup dose/pmol oocyte, N Alive oocyte, N GV oocyte,n  GVBD rate, % (n/N)
Control without injection or addition 0.1 85 83 21 74.70 (62/83)
0.2 42 41 5 87.80 (36/41)
Non-injection and adding UCHL1 0.1 85 82 24 70.73 (58/82)
0.2 40 38 8 78.95 (30/38)
Injecting PBS 0.1 92 44 21 52.27 (23/44)"
0.2 56 33 12 63.64 (21/33)"
Injecting GST 0.1 84 39 17 56.41 (22/39)
0.2 60 42 15 64.29 (27/42)
Injecting GST-UCHL1 0.1 104 44 25 43.18 (19/44)
0.2 60 42 19 54.76 (23/42)
Injecting GST-UCHLI1 (193M) 0.1 122 72 35 51.39 (37/72)
0.2 72 43 24 44.19 (19/43)
Injecting GST-UCHLI1 (C90S) 0.1 120 56 28 50.00 (28/56)
0.2 78 56 30 46.43 (26/56)
Adding IBMX control 0.1 60 60 60 0
0.2 40 40 40 0

"P<0.05 vs control without injection or addition group of the same protein dose. GVBD: Germinal vesicle breakdown; GV:
Germinal vesicle; PBS: Phosphate buffered saline; GST: Glutathione S-transferase; UCHL1: Ubiquitin C-terminal hydrolase L1;
IBMX: 3-isobutyl-1-methylxanthine.

El 4 WA GV HIN SIS FRERERNELE
Fig4 Comparison of polar body sizes of GV oocytes after in vitro maturation between 2 groups
A: GV oocytes progressed to M I stage oocytes in vitro after the injection of GST-UCHL1 (C90S) fusion protein; B: GV oocytes
progressed to M Il stage oocytes in vitro without the injection as control group. The arrows indicate the polar body, and the scale bar

is 50 um. GV: Germinal vesicle; GST: Glutathione S-transferase; UCHL1: Ubiquitin C-terminal hydrolase L1.

2.3 UCHLI (I93M) & & % s &, 97 7 28 B4k o %, 3 hG W40 GVBD R R LG 5=
GVBD % 433Ht 3 H UCHL1 (193M ) 878/ X (P>0.05, %2) . R IE—E£ I UCHLI
U5 3 HEF A AL/INER B A & 1 30) B R 40 R A T RS (193M ) A GEARAN S5 /)N BR BB 40 I A B

%2 UCHL1 (193M) SART/NRESEHFLEE/NR GV H1IE4M GVBD RELE

Tab 2 Comparison of GVBD rates of GV oocytes between UCHL1 (I193M) mutant and wild-type mice
After 3 h of culture

Group Baseline GV oocyte, N Alive oocyte, N GV oocyte, n GVBD rate, % (n/N)
Wild type 118 118 15 87.29 (103/118)
UCHLLI (193M) 136 136 18 86.76 (118/136)
UCHLL1 (193M) adding IBMX 20 20 20 0
Wild type adding IBMX 20 20 20 0

UCHLI1: Ubiquitin C-terminal hydrolase L1; GV: Germinal vesicle; GVBD: Germinal vesicle breakdown; IBMX: 3-isobutyl-1-

methylxanthine.
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3 3t g

A 52 B DL 0 IBMX B 15 9% 55 R BH P X
W, Z 259 mT LLAE 2 PR PE 40 ) 85 R R, AR
I 3] 2 o 907 200 B P )5 BE 40 i 9 GVBD., AR 8
¥ 45 B4R R It B UCHLL & 1. 9 A 3L
9% 1F B9 UCHL1 (193M) 28 7% & (1 M i 5 2=
17 F Ak K f# B 35 PE A9 UCHLL (C90S) %€ 748 2
FA 29 AN 2 532 i S 8 S 40 T B9 B 40 A 44 Ah
GVBD #*

AR FIF o AZ R -7- S 4- WA
72 ubiquitin C-terminal 7-amino-4-methylcoumarin,
UB-AMC ) TERIEWHEATIRSNSLSS, BG1UE T B4l 4K
19 /N B GST-UCHL1 H. 4 7K fig i v 4, If AL
1 3 R AR SIS & B CO0S A3 45 58 A8 45 5 3 UCHLI
/K fi# UB-AMC W fig J1 5. WA MREM, —
Tt o) 200 it J) 0 2 1 9 N2 R AR R R il 2 AR 1A
(C114S) W] LAITES YRS, A B A AUER 11l A= BRIS
Pt T GST Rl 2 B oh I8 & (T
VR R T % B GST-UCHL1 fil 4 28 1A 5%
UCHLI G5 TIae 2111, AW ETER N
kb sz kB, UCHLI #1872 Z g 2 A
TS E A RA AT fRe Y T A0 B
ZRSE T O BE 20 e R e et B A HLA
TERY . AR E &M, TEi#ik UCHLL /)
A AE I8 i # b, Do 2 RO B B CFL
L) fEAE R TR . FEARBEIE R, B
J8 UCHL1 K H:193M . C90S % A8 1A 14 % A5 5 i) Y
BEAA ALY GVBD %, — RSP L & 3K, UCHL1
(193M ) Z& 75 1A 19 s Jin 25 B AR #2500 9 I 4
UCHLI k", ZA528 FF UCHLL (193M) ¥
T 2 Ak T 208 T B RE A0 A P 5% UCHLL
FRE, it bk, O Re AR TEYE UCHLL 3%
R VINTTR- AU E=NE = 7/k= =) i1 (S i S PUE 5] BEN
X} GVBD ) i 520, A —Fhnl figj&, GST fil
AR HA RSN A TR, TTRESHK
T 193M 748 8 IR M EEREARAE T . D3 4h, AR
04559 UCHLI (193M) SR/ NRAE IIEH
It H G0 RE 40 AR S GVBD 3 5 57 4E /NG i 3%
#5, Wit—EW T UCHLL (193M ) s R84
FA X 307 25 4 /0 BRI R 41 B 0 PR AP i R IR
SN, 7EMPIRE A0 R RS &, UCHLL 25

JsEs A M A B A . RS . (258, HLIR AT
PRS2 ARBR TS A, T I A SR %
127 Z ALK S YERY UCHLL (C90S) M, Jfi%
S /N B OB 40 i 2 3 SR 40 i S 1 AR 47 i 24

., AL ESEES R, I8 UCHLL o #E s 7sfin
H193M., C90S ZARAR, YT/ BRI 25 1) B &
4Hfifl GVBD BEFE .

FEA S B W iR A2 3, — 2834 4 T UCHLI
(C90S ) & 1Y A K Ao 1 OP RE A i AR AR AT kK
M THHASR ARG, AR AR AR TR T S R R,
$E/R 5 UCHL 7K fiff i 15 P 31 2 7T BE S M A A ) 7
B A WEIETE Y, W TZ 2 I A i K A 0
S FEOE RAMAK, ILALEH AT Re s S 2 A e
ST VA 50 T A58 40 i 2 o (4T A R o e R
UCHL1 FAH I 72 2 FR 5 AR i 7K i g 78 A A2 [m] B9
BRI &8s R b, nlReS 5 A Nl
HEAFWIERE LTI 75 0 R4 e i L
JUJiey v B 2 9 L R A M 505 L 4 B0 T BN A
LR A (1) S 37 A2 92 3R 3 R Uity K it T CY K3 )
PV CYK3 E A IS R R
fif (ubiquitin-specific protease, USP) 11 F1 USP32
[ VR 119 72 28 5 R ity /K it G 25 R . I dlE — ST
TR, Ny FIZFZ B (small ubiquitin-
related modifier, SUMO ) i i Akti# [ 18 4%
GVBD'™', K34 UCHL1 517 2> Fifa e A X,
JIr LB SR e AR BREE A AL H UCHLL ASEE0 GVBD
B, R NHEBR L4 2 5 /N BRUOP BE 2 il GVBD
R, T E LA B, 5 — v,
UCHL1 7£ /)N EUOP B 40 i sl G F b ml eI A 5 3=
SYER, & o TR AR AR 75 5 i HAhz R L
VSN

ZE LR, AT S5 A R A /N BB B 4 i
oS A 4 UCHLL . A7 8509 1/ A 1) UCHL1
(193M ) 2 7 {& 3% K it g 6 1 3% 2% 19 UCHLI
(C90S ) Z ARV IE AN 5% 1) B B 248 i 5l 24 ) GVBD
#E R, UCHLI (193M) i 5 4% /)N 5B £ 20 J 1Y)
GVBD 78 JC 5% M 4%, {H UCHL1 (C90S) %A%
AT RER A AR T B, ARBIFGE AR I Z Ab7E T 1
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