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[ ZE] B8y 052 T IKAZMY) (small ubiquitin-related modifier, SUMO) & {ffi %} SPOP (speckle type BTB/POZ protein)
B 7K A0 B 58 A7 R 52, F 22 R 0 1S % B 4 iU (clear cell renal cell carcinoma, ccRCC) A7 R 15 SUMO 5 53 1 8% (B 1
(sentrin-specific proteases 1, SENP1)FI SPOP Z [AIAHIGYE . F73% : FIH BF 2E B CGwild type, WD Fl Senp 1 B 171N BV AR AT 4
S ATE 5T Senp 1 X Spop £ FH 7K T FH4H i 78 A7 1) 5 10, FF38 5 F AL /MR WT-Spop Al Spop [ SUMO &AL 5 AR 1) 8 1 ik
i, B HIA SUMO B4 Spop £ 7K RIS o 5 2238 5 4807 H: 45 R (proximity ligation assay, PLA) B 5T WT-Spop [ H
SUMO &1 f st RAEHR 5 SUMO1 IS5 & B8 1. Bt Ja il ccRCC 3 (11 RNA SRIAH40 Al ccRCC 48 il R ¥R DT SENP1 I SPOP 7£
CcRCC HFRUHI e o 45 R Semp ] I T VI GOV F £ 45 01 1 Spop 10 6 1 B RV 52 1 (F R IR LA M B s B, 56
Spop (1] SUMO &1 fi2 5 J » 215 Sumol (K145 45 88 ) R 1%, & I E AT FTF#AIK. SENP1RISPOP [{J#&IAFE ccRCC T 2 IEA
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Study on the role of SENP1 in the deSUMOylation modification of SPOP
ZHANG Yunhao, HAN Bo’ ang, WANG Yu,ZHU Qin, YUE Shen, YU Tingting, CHENG Yan", LIU Chen’
Department of Medical Genetics, School of Basic Medicine  Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: To elucidate the impact of small ubiquitin-related modifier (SUMO) modification on the protein levels and
cellular localization of speckle type BTB/POZ protein (SPOP) and explore the correlation between sentrin - specific proteases 1
(SENP1) and SPOP in clear cell renal cell carcinoma (ccRCC). Methods: Using wild type (WT) and Senp! knockout murine
embryonic fibroblasts (MEFs) , we investigated the effects of Senpl on Spop protein level and cellular localization. By comparing the
protein expression levels of WT-Spop and its SUMO modification site mutants, the effects of SUMO modification on Spop protein levels
were further confirmed. Proximity ligation assay (PLA) was employed to study the impact of Spop SUMOylation site mutation on the
binding ability with small ubiquitin-related modifier 1 (SUMO1). Finally, the correlation between SENP1 and SPOP in ccRCC was
examined utilizing datasets and ccRCC cell lines. Results: Senpl knockout down-regulated the protein level and stability of Spop in
MEFs without affecting its nuclear localization. Mutating the SUMOylation modification site of Spop attenuated its binding affinity with
Sumol, consequently leading to diminished protein levels. Notably, the expression of SENP1 and SPOP exhibited a positive correlation
in ccRCC. Conclusion: Senpl stabilizes Spop protein through deSUMOylation modification. The expression of SENP1 and SPOP is
positively correlated in ccRCC.
[Key words] SPOP; SENP1; SUMO modification; clear cell renal cell carcinoma
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SUMO B i & — > h A8 1138 [ i 72, SUMO Hi 4
TE¥Z 24 85 A 10 L Cubiquitin-like protein-specific
protease, ULP) B SUMO 55714 55 [ (sentrin-specific
protease, SENP) [ il . 7 4= SUMO-GG, 1 SUMO
El B (Aosl - Uba2) ¥ V% , ¥ # %] SUMO E2
(Ubc9) , Ji i SUMO E3 i £ (PIAS) 5 i ¥ 45
Ay B JE s B AT i ULP/SENP & 42 2% SUMO
1k, 4 2 [ 7 i SUMO fb AT 25 SUMO 1R Ak T 3h 25 °F
AR,

FEW LB, 22 SUMO L./ SENP 3£ 45 6 i,
SENP1{E K % SUMO il 2 —, A T Z M 7
PEIRY), XRS5 Z M Ay g &,
BF5HS R T, Lk, Mok
Z W 98 K B SENPL 76 2 Ff i o 280 7
(1 v IR0, R B IR I kAR R RS N AE L IR
L, T 2R OA 1 SENP L L A 72 40 B R 3 2 0 vk
PG p21.p27 LA K BE i 45 )8 B 1 9 1 3R IA e it
i 96 4 PR P 38 B L T RS RN R 28 . R T SENP 7E fit
S R B EAE A, L OO e SRR T o T
HRRT

SPOP (speckle type BTB/POZ protein) J& 72 2 i&
W E3 KRR Cul3 45 & R L E AL N 5
U EZZEAMZRNBH, 580E AR, Wi
AR ) 2 R A B R S B FEIESE, SPOP )
B BLRAR 5 2 T i 25 DIAE 0%, 09 BT 8 I
FLIE 45 B S, Hodh 52 SPOP S #e A 2
2 105 % W 4 B Celear cell renal cell carcinoma,
ccRCC) . SPOP £ 175 IE# B EH 4 p Rk AR
i, (H7E 99% ] ccRCC 4 4L rp 1 K 8 K ik, KW
SPOP 2 /& —MNEAERI ccRCC 4> Thr &M . BT
SPOP 7t ccRCC I H ZAEH , H O A 7€ A ccRCC
TBIT TR & . A3 AR SPOP il Sl 40 & (1 1)
fn R SRR AT, IRA8 T BERE 5 SPOP B 1 45 A I/
I FAE YD, HAEAR A RR SN ISR T AR e
ccRCC 1 SPOP B AH A 78 EARR 2, (HHAE ccRCC
HhRE S R R AL R LR TE

2022 1F Lee 557 B, 23 SUMO {4 SENP1 7£
ccRCCHFTE S H MRk . AR E L 5050k
DL, 7 Senpl il B (1) /)N VR Jify B 2T 4 41 2 (murine
embryonic fibroblasts, MEFs) #1, Spop ] 25 1 /KF-H
FiP R B DR, AR SRR 25 SUMO 1L Senpl
125 Spop I H /K%, FHLE ccRCC HHH125
R % SENP1 5 SPOP 2 [8] I AH 5 14 , LU N ccRCC
(a7 SRR Y L

1 #RFNTE

1.1 M4

WT I Senpl” MEFs H - ¥ 22 38 K 2% 5 2 Bt
FE & BH AR 0 5 B b B 40 i HK-2 Al ccRCC 41 g
Caki- 1. Caki-2+ A498.786-0 3 1 T 200 i 8 2>
7] ; DMEM 15 3% 3& . MEM £% 7% Jt . RPMI-1640 £ 7%
HE McCoy s SA K5 772 L i 25 I35 L 0.25%EDTA- Ji#
WM (Gibeo 22 7], £ HD s H 8 R/BEH R (TR
WrFEE A A ;s RNAiso Plus 48 il & RNA #2 B 71
(TaKaRa A ®], H ) ; HiScript I Q-RT SuperMix for
qPCR (gDNA wiper) i % 5% ik 71l & S AceQ qPCR
SYBR Green Master Mix % ¢ i€ & PCR 77 & (55
LU MERE A 7)) 5 Duolink® PLA 71 & (Sigma 2~ & ,
FED s B e iR K 7 Plus™ Reagent (Thermo 2
], 25 [H) ; Lamin BI . a-Tubulin. Spop« HA Fi 14 (it
=& 5 Sumol HLAR(CST A H], £ HD ; c-Mye Fifk
(Sigma A A, 3 B ; AR E ALY BEAR 1 1 1L 2EHT
/N B B PT R TG (Jackson ImmunoResearch 23 &) , 38
)3 MG132. JlL 2% B il Ceycloheximide, CHX) (Sgima
A, FEED s Myce-Senp1+ Flag-Spop- Flag-Spop-K95R +
Flag-Spop-K110R . Flag-Spop-K95/110R Ji ki 5 A A
S AT .
12 7k
121 fmfaiesk

WT 1 Senpl™ MEFs 18 F & 10% Jifi 2= ifiL i 1
DMEM f= # 15 77 5 , B b 7 41 i HK-2 Fil ccRCC 4H
Jitl A498 18 H & 10% Jif 4 IfiL & () MEM 55 77 &,
ccRCC 2 Caki-1 1 Caki-2 1 F & 10% 5 4 1.7 1)
McCoy’s SA £ 953, ccRCC 411 il 786-0 i Fl & 10%
Jifr A= L7 ) RPMI-1640 15 77 4%, B 137 °C.5% CO,
L FRAE AT ER R o HUAL TR B0 A K G 4 i sk
17 )G L5558
122 mfa sk 4

Y IC A FE I 70%~80% 5, in N 5k 55 i
FEYe 6~8 h o, e E H A PR R Ak s R 2
36~48 h, LN A RNA FIS 2 3R AT 5 25256,
B R R IR A — e I A], YSCBE IR I A G 1 40 L, adF
17 fa 8L 55
123 mfnE RNA fo 6 & G A9 42

2 1 L RNA PR 2 B« Sc 4 4 i, 2 o 40 i
PBS{E ¥t 13, i\ RNAiso Plus, VK_F##E 5 min, Jil
NSRRI NT, 4 ‘CORFHHE 10 min, 4 °C 12 000 g
B0 10 mine &0 5, BIEFE 2 1% 1) RNase-Free
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B0 NN SEARF ST N, VR 5] -20 CUKFE T
1 h,4 °C 12 000 g & > 10 min, 7 _EiE, TIN 75% .
fiZ (DEPC /K BC 1)), 4 °C 12 000 g &5 0> 5 min, & b
iE, 4 CHEF 10 min, A 10 L DEPC 7K, ¥K _E % fi#
30 min, Ml RNA R JE

2 i R PR B s ST A I, S A i
TBS 5 ¥ 1~2 3 , N IE 5 11 RIPA AR, &R R
TN A, KRR T T 1.5 mL B0,
VK _EZ44# 15~30 min, 4 °C 14 000 r/min 20> 20 min,
)G, EERBER LS mL B0, NS
&8 HWEAT BCA BRI A I . I N AH B
R Sx EREGE PR, 95 °C & S min, #1558 4
.
1.2.4  #IZEPIE 5 5 (Western blot)

1] 8% 4 1 B BRI 14 000 1/min 250> 1 min,
£ SDS-PAGE Jig b k47 fidk . ZMRHEEE 80 V,
R 2 b, AR AW iR P 1 b, I —$i4 Cid .
H , TBST P 3 28, BFIR 15~20 min. =i H —
L2 h, Pl G R R .
1.2.5 SRERAZEPCR

18 F RNAiso $& BUAH g & RNA, 18 % 5% 357 &
AT R 53, B 10 WL SRR i = Wi 22 100 wL, HY
1 LA AT 26 )6 2 & PCR, KA Light Cycler 96
INTEE. BARRAE3IANESL, L RER
3. 5I¥IFF: GAPDH L% 5'-CGACCACTTTGT-
CAAGCTCA - 3", R % 5' - CCCTGTT GCTGTAGC-
CAAAT-3"; Spop L35 5'-CCACCTCCGGCAGAAAT-
GTC-3', Fii5'- CCTCCCGGCAAAAACTAAAGT-3',
1.2.6  AR4z %34 R (proximity ligation assay, PLA)

YT 5% G ik 24 h 5, PBS 3G 13, 4% H 8
[#] 52 41 AL, 0.3% NP-40 % {440 i, MR 4% PLA 357 &
D R AT B — PO A IR R Y
BB e E HROGIE R RS TR AT
127 #IERAEE

Y M 2 G I 24 b, K A B R T 0.19% BH i £
e 4R BRIC fr b, 4k 83597 24 h J5, PBSIH BE 1 3k,
4% PP I [5] 5 4 B, 5 FH 044 B M (3% BSAL0.3%
Triton X-100, & T PBS)4 °C F & A1 FEELANAE 1 h,
ZJG4 CHWiE —Pud . {FH TBST i ¥edh i 2 4k,
FER3~5 min, ZJF =R FROC DL E 1 h,
AN TR 7 ' — P Al FH 1R 8% B8 LU 51 349 2 12200 TBST
TR PR 4H R 3 YR, B R 3~5 mino H 5 8 L R (R
DAPD 5 4 jfd € Jv [ 5 76 803 A o fa i A
LSM900 ¥t 3t 5 £ B st BIHME , B Ak 2148 A

ZEN 3.0(blue edition) ¥4 .
1.2.8 & @4k F4N0

R TR T 6 FLAR, FrdB B fa , FHAIREE N
20 pmol/L (1) 8 & BN 1171 CHX 43 Sl Ak 2 48 i %
Tt AN [F) BF T) 5 AF B BT T) 50, fSc B2 1 ot gk AT
Western blot 73 #T
12,9 AMXMSHT

M GEO F4 B T 25 ccRCC 85 IR R IA %L
¥ (GSE73731) , F| H GraphPad Prism 7.0 X} SENPI
55 SPOP 1 3 [K 3R 1A HEAT B R 38h AH O¢ 2 2093 #r 9
TEK.
1.3 @it nk

K H GraphPad Prism 7.0 347 48 1 7 ¥ 3 1
Ko 2 VR R B b v 2 (3 £ )RR, AN
E R FH 25 5200 5 000 1 07 22 0 A, PR TR) B3R
FH o K58 2 M, 22 4 18] BGABCR B IR 32 7 22 90 Mo
P <0.05 NZERA G Lo

2 # R

2.1 Senpl @ F% F 8 Spop & & K -FA2 R #m K
mRNA K-F

N T WHFE Senpl 52 752 51 % Spop, AR T
T WT il SenpI™” MEFs ¥ RNA FI1EE [, £ 0 Senp 1
i 5 X5 T Spop FIA IR o &5 B IR, Senp ] i bR
J& » Spop I FKF &3 T (K 1A.B), H I
mRNA K-8 B B AR L (B 1C) . BT Senpl /&2 %
SUMO 141, fir L B3R 25 AR IR Senpl FIES 5 T
Spop [ SUMO tL 8 i it 2 .

bt J5, A T HE— A Senpl XT Spop & H 7KF
B EAE ), 78 Senpl™™ MEFs F18f B [R1%F T Senpl
H . Western blot 25 7R, {4 Senpl £ [ 7K1
(71, Spop FE F 7K~ il 2 66 B2 T v (J&1 1D
2B UL 2 SUMO fLHf Senp 1 BE4S 7 Spop H 2R
FI7K T
2.2 Senpl &% )5 Spop & G A& T 1%

I N, R R )R R R AR R B
JEL % 28, S SUMO A M %o JR A B 1 HEAT T 2 ) R
BFB. N TR Senpl 42 75 5210 Spop )85 F F 7%
K, F ] CHX (20 pmol/L) 43 51| &b B WT Fil Senpl™-
MEFs AN [7] i 18] Ji= Ao 0 48 i o Spop BB /K -Fo 45
RALIR, Senpl™ MEFs H1 1) Spop 7 & N B £ 50% 1)
B [7) 240 F WT MEFs (B 2A B, & W Senp i b
Jii > Spop HYEE 1 Ji A - AR, B AR E M B

J& 8, N T HIEFE Spop £ F A& 15185 2 A A&
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12 R, R H 2 A BRI 77 MG132(20 wmol/L) 4k

FKIRLE Senp 1™~ MEFs 1 Spop 181 2 H BEAARIS 2P -

H Senpl™ MEFs. WB &5 LR 7R, I MG132 4] 2.3 Senpl %1 Spop #9 I.4m I 52 4
! p pop
R B AR TR A S A 1 Spop A BT R (B 200 SUMO LAZ i b5 52 Wi JEE 40 4 1 1) JA) 3 3 o 4
A B 1.5
£ 1.0
Spop . ;
- 40 kDa c;; 05
a-Tubulin - 55 kDa =
't
0-
WT  Senpl™
C } 1.5+ D - -
:“:’ Empty vector + + _ _
QZ: 1.0+ Myc-Senpl _ _ :
g
: Mye — - 70 LDa
% 05
oo S ..,
TN et Tl | QA G G- 55 .

A: Spop protein levels in WT and Senpl” MEFs were measured by Western blot. B: Western blot results were quantified using Image J. C: Spop

mRNA levels in WT and Senp!™ MEFs were measured by qPCR. D: Changes in Spop protein levels were detected after gradient overexpressing of

Senpl in Senp!™” MEFs. Red arrows indicated Spop proteins. ~"P < 0.001(n=3).
1

P& Senp1 T3 Spop & H KT, (B AR E NI E mRNA 7K F

Figure 1 Senpl knockout down-regulated Spop protein levels, but does not affect mRNA levels

A CHX Oh 2h 3h 4h 5h  6h
hop| SN meS IS NS == oo
£ y w—" - - 40 kDa
o-Tubulin| ey @ GHED GNED G @ - 55 D:

. Spop - ESEm eSS eas . <

3 - 40 kDa

3

©« .

a-Tubulin | N — — D G e | 55 D).
B — 1.00 C o,
% - WT WT Senpl™”
Z B
£ 0751 & Senpl DMSO + + +
2 MG132 - - +
= 0.50f-------- ,
TR S F——
a b pop e
£ 0254 b - 40 kDa
< [
© i
[a'] [ .
0 —— . a-Tubulin | A — A - 55 kDa
Oh 2h 4h  6h CHX

A: After the cells were treated with CHX (20 pumol/L) for different times, the protein levels of Spop in the cells were determined by Western blot.

B: Image J was used to normalize the results of panel A after quantification. C: After the cells were treated with MG132(20 wmol/L), the protein level of

Spop in the cells was determined by Western blot. Red arrows indicated Spop proteins.

2 Senpl @R fE Spop EEFEE T P4
Figure 2 The stability of Spop protein decreased after Senpl knockdown
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W DL R ) A AR A M 1) e ALY . B R
W], #E ccRCC H SPOP 4 17 & A 75 i o v I K i 21
L, ) 5 4 B B R U T O B IR B AR, S B
iR A= O T WS 2 SUMO LR Senpl /& 75 2
5 18 4% Spop 1 Y41 i 52 A7, 43 85 T WT Al Senpl™”
MEFs {0 J #% 8 B M 2 8 920 70 K H v
Spop & F17K*F-. Western blot 5 3 .75, 76 WT MEFs
1, Spop 8 H FEE M A ML T, VAP EEA
FAET W2 ;s Senpl™ MEFs 1 Spop H1 434 15 It 5
WT MEFs % AX — £, 3 B Senpl 1) i b5 H A 52 el

Spop FEZH L IR E AL (B 3AB) .

N1 A BRI, I e wtHoR
53 AL 7 P9 UR Spop AN Spop 7E WT il Senp 1™
MEFs F1 1€ A5 Ol o 45 R 57w, £ WT M Senpl™
MEFs ", 7518 P UL /& A5 Spop Y MV 24 Jifd 5 A7 #
Stz e G, - 8 R W] Senpl JE A2 Spop
TEANIAZ 52 A2 (B 3C. D).
2.4  Senpl i@ i £~ 5 Spop 492 SUMO A4 5% 2L 3
Spop 89 & & 4=

W1 € Senpl AE% L1 Spop H1& HKF )5,

B

1.0 0 Cytoplasm
WT Senpl” E ™ Nuclear
< .
C N ¢ N = 08
o
Spop | e W L d £ 0.67
|- 40 kDa =
o 0.44
a-Tubulin | . - I 55 kDa o
E
Lamin B1 | “ ~|‘ 70 kDa e
WT  Senpl”
C D
DAPI Spop Merge DAPI Flag-Spop Merge
= =
= =
£ ~
% ..- J\v

A: Protein levels of Spop in WT and Senp ™~ MEFs were determined by Western blot after isolation of cytoplasmic and nuclear proteins. C: cytoplasms

N: nuclear; Red arrow indicated Spop proteins. B: Western blot results were quantified and analyzed using Image J. C: Subcellular localization of

endogenous Spop protein in WT and Senp!/™ MEFs was determined by immunofluorescence. D: Immunofluorescence was used to detect the subcellular

localization of exogenous Spop protein (Flag-Spop) in WT and Senpl™ MEFs. Scale bar=50 pm.
3 Senpl &M Spop YL £ i FE 3L
Figure 3 Senpl did not affect subcellular localization of Spop

N TR %S R S 15 38 I 5 Spop T SUMO 44 &
WRSEIN, 1 5% Spop B R LR T A AT T 43 #7, 1E
FMATH S5 43 A 00 1 2 AN LE I SUMO 1k & A
BL RS, 20 Sl A2 B 95 A ANES 110 A7 i 20 IR (&1 4AD
B J5 M 7 B SUMO A6 A7 55 98 78 Jifi K Flag -Spop -
K95R . Flag-Spop-K110R F1 X SUMO 1447 55 58 48 Ji
Ki Flag - Spop - K95/110R, Ff 43 7l 1£ WT Hl Senpl™
MEFs HrifTid ik g5 R 5oR, *97E Senpl™”™ MEFs

Hh i ek B A R Spop I, R FRIA R WT MEFs
980, Ut BH Senp i K% )5 » Spop H1 SUMO 44 AZ 1fi 14
I, 80 Spop B H 7KV« 1M1 4 7E Senpl™ MEFs
12 1A Spop RAFARRS, Bl Spop A fEREAT SUMO {6.1&
Wik, H AR FKSPAREL WT MEFs A /b (B 4B) .

2.5 SUMO Az % % % Spop 5 Sumol & 4@ oL 4% P
2 AT 5;3

G

AT 35T Spop £ 1 SUMO AL B 1M , 43
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K95
K110

28 166 177 296300 327 359 374
o
=

= £ =
v — v
) - )
N M N
o &, & &,
=] =3 =] =3
—_ =9 2 =9 2
B 2 SR 5 % R
E % b & b
] = = = =
wT
a-Tubulin
Spop |
Senpl™” i
a-Tubulin

A': Position of SUMOylation modification sites in the amino acid sequence map of Spop proteins. B: After overexpression of wild-type and mutant

Spop in WT and SenpI™™ MEFs, the protein levels of Spop in the cells were determined by Western blot. Red arrows indicated Spop proteins.
4 Senpli&id£ 5 Spop K SUMO L& 1H3EH Xt Spop A9 B iFE
Figure 4 Senpl regulated Spop protein level by participating in SUMOQOylation modification of Spop

SILE WT H1 Senp 1™ MEFs H1 3 3A Sumol F1EF A 7Y
Spop B H: SUMO B f7 551 (1) R AZ 44, F1) FH PLA SE56:
faz W Spop 5 Sumol £ [ 22 8] ¥ A8 F/E H (B 5A)
ik 4 RORoR, 40 P AFALE Senpl EHEAR, 5id R
1K 1) Flag-Spop & FHAHEL , 1t I 1 Flag-Spop-K110R
Al Flag-Spop-K95/110R & H 5 Sumo 25 H B AH
AR 2 98 3R K110 47 85 1 98 745 BE 6% 5 1
Spop 5 Sumol WA EAEH . i — P Gitix £eAH H
VR RIAE B A o 0 23 A 1% 00, 45 SRR 7R, PLA R
PEAE 5 EEE RN, 9] Spop & H 2 AEM
1% h 247 SUMO AL A& 1 (I 5B o« T 24 40 i v T
Senpl & S, B A4 7 Spop 5 Sumol A AH B AE H #5¢
WT MEFs £ Jit & B# , 1X 7] 2 /& Senpl f 6k 2K T 2
Spop & F A€ P B, BRI 2D BT E Bt
2k, FIWT MEFs H—5, 51 R IE K Flag-Spop &
A0 b, 3 % 8 1 Flag-Spop-K110R 1 Flag-Spop-
K95/110R £ 15 Sumol & F A FLAF I Bk A5
1) 7% , Flag - Spop - K95R 5 Sumol ) #H H.{F H 7£
Senp ™™ MEFs 5 & 25 T~ B, #E0IX 7] fig /& KA — i

1500~ K95 47 5 7E Spop 5 Sumol 25 [ 45 & 1 1I1E
VN, 75 B4 SUMO B K EARAE B L N, A B
1ER RN A R BB k. RS 38t T
PLA {5 57 Senp 1™~ MEFs 4l 7 ¥ 53 4 155 150 » 485
5 WT MEFs 41—, SUMO 1k &1 5 () Spop & 4 =
BOE N AE SR (E50) .

2.6 SPOP#=SENPI /£ ' 7%+ 2 E48 %

% F SPOP 1E ccRCC g R ik H A 0
MR TR &SRB RS 2 SUMO B FH G,
SR H GEO $diE A ccRCC 35 3L K R 1A 3L
P&, %+ SPOP #1 SENP1 7 ccRCC £ & 1 ) ik HEAT
THIZA T SE5REH, ccRCC HE ) SPOP F ikl
SENP1 #3 £ B i (1) IEAH9E K & (=044, P < 0.001,
El6A) . [EINF, A 18 b R 4 i HK-2 F ccRCC
4 il Caki- 1. Caki-2. A498. 786-0 H [f] SENP1 Al
SPOP ik 1, ccRCC 4l i H SPOP [ 8 1 /K ~F &1
FIEW B ER . ccRCC 40+ SENP1 [ £ ik
WHIEFMRZ, 52 f #kiE—5", $#27R ccRCC
o SPOP (1) 315 1] fE 5% SENP1 1142 (] 6B) .
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A Flag-Spop Flag-Spop-K95R Flag-Spop-K110R Flag-Spop-K95/110R

WT

Senpl™”

o]

C

O Cytoplasm O Cytoplasm
* 10~ M Nuclear 10- 10A M Nuclear
— ok
10- 3k * L —— " ..
| | r 1 . sfeskosk
- *x% T 1
T s | — | |
— = g Fx% = kK
s E g — 3
5 S g S
h P ) = ok
g S = 2 —
= @ 5 = 54 £ 54
5 5 =z 2 ER 5 0
= =] a0 =
= = T 20
[ 2] u2
= = 5 =
— — o —
=8 =¥ ~
0+ T T T 0- 0- 0-
2 = x = & ~= =] o 2 = =~ == 2 o1 x =
g ©w S S g IS S S g w = 3 g I S =
22 = = & 2 = = o2 = = R 2 = =
<Te) ' 4] 3 o0 ' M > an 1 M > o0 ' ) >
< 2 9 = 2 i ey kS a2 N 9 B 2 T Py
= 5 &, = 5 &, = o &, = 15 &,
= 2 o ] =~ 2 ) 4 =~ 2 ) M =~ 2 o ¥
G aoa G ) &, SO - A 3 2,
& R 15 g0 s 5 s A 5 50 xR 5
E g & 2 ER ER T
== 2 = = == 2 2 = R
23 = 20 [Z2R = 20
s b < <
= = = =
= = = =
A': The interaction between Sumol and Spop or their SUMOylation modification site mutants was examined after co-expression in WT and Senpl™”

MEFs. Scale bar=20 wm. B, C: Quantitative analysis of PLA results in WT MEFs(B) and Senpl” MEFs(C). "P < 0.05, P < 0.001(n=50).
5 SUMO &4 & =R Z T iF Spop 5 Sumol RYFEEEFH
Figure 5 Mutations at the SUMOylation site down-regulated Spop-Sumol interaction
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A: The data in GEO database (GSE73731) was used to analyze the Pearson correlation between SPOP mRNA expression and SENPI mRNA

expression in ccRCC patients. B: The protein expression of SENP1 and SPOP was detected in renal epithelial cells and ccRCC cells. Red arrow indicated

SPOP proteins(n=265).
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Figure 6 The expression of SPOP and SENP1 were positively correlated in clear cell renal cell carcinoma
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