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SENP3 %} A~ [E] 32 & & 1L [ i B9 Be 52 0 by ZF

EE®R HAFF XAHX Z # & E
(AR B 2 15 0 T2 3R, s MR BB BRI T 92 %, 13 200025)

BE @ EZINR. SNRQ AR GBS N, E R AR E. Elide
R ARAC L. VR AT E 69 A K I, SUMO%F 5+ % & B SENP3(Sentrin/SUMO specific protease
3)VT VAR Z — ZAZJE 6 BAC KL B B A& B0 RAR, M B vh— 2 71 44 B T 49 SUMOALAS A5 K A&
Fett 5 A B RGK, R AR LB 6G ) %, A2 TR B A2 B BAL B A SENP3Z A R [6) 64 & & Ao i 2
W F RF R AR A R F 3 H0 A8 50 R B #2 4 840 2 3%, 3 SENP3# 5. R/ K A=
SHREMNE G KA Hoh . S RI T, 2E AR T 1% R SENP3 & 4938 4n, {2 L H,0, 7] &40 %
X %, W RRIAZE BAL L3 7T 51 A SENP3MAZA= 61 4R 69454, ELRIH,O, 7 Z 38 hn g n. 1248
AR i3k 7| A2 04 it A4 AR & & 4(peroxiredoxin 4, Prx4). A2 A b4y 35 L B& 1 (superoxide dismutase
1, SOD1) & it & S B4 (catalase, CAT) & A L8 %, SENP3/NF T XA & A i %, BA H,0,7 48 %
M. EAFR— 7 8 A I T SENP3R % T B A2 B 8L B 3L 64 B AT AUH], % — 7 E@ 4L K I T SENP3J~
FALRA L A6 T fE, R TSENPIE L fothtm e S B T iR T 22 A E, B —TeE R
Fo iR 22 & 3L,
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The Responses of SENP3 to Different Extents of Oxidative Stress

Chu Huiling, Yan Qiongyu, Liu Kejia, Yi Jing, Yang Jie*
(Department of Biochemistry and Molecular Cell Biology, Shanghai Key Laboratory of Tumor Microenvironment and Inflammation,
Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China)

Abstract In response to oxidation stress, proteins would alter their quantity, localization and activity to
prevent from oxidative damage. Our previous study already discovered that SENP3 (Sentrin/SUMO specific protease
3) sensed certain extent of oxidative stress via inhibiting degradation and then giving rise to alteration of sumo-
lylation of transcription factors, by which tumor obtained potential of proliferation and migration. However, how
SENP3 senses and makes responses to distinct extents of oxidative stress are unclear. In the present study, we treated
tumor cells with different doses of hydrogen peroxide (H,O,) to mimic different extent of oxidative stress and there-
fore detected the quantity and localization of SENP3 and further analyzed the changes of antioxidants expression affected
by SENP3. The results showed that SENP3 exhibited quick accumulation under low level of H,O, and other levels
of H,0, in a dose independent manner. Notably, SENP3 also translocated from nucleolus to nucleoplasm upon H,O,
in dose dependent manner. Moreover, SENP3 mediated upregulation of antioxidants, peroxiredoxin 4 (Prx4), super-
oxide dismutase 1 (SODI1) and catalase (CAT) under different extents of oxidative stress. Taken together, SENP3
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senses oxidative stress to be endowed with quantity regulation as well as localization regulation and then makes

responses via gene expression regulation of specific antioxidants, indicating that SENP3 plays a critical role in

elaborate redox maintenance and possesses physiology and pathology implications.
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IEF DU, 400 N A7 AR 5E RS 1 % (reactive
oxygen species, ROS)/K-, H b i 44 ik A (hydrogen
peroxide, H,O0,)¥ [ £ /0.1 mmol/LM, {H #1J5 454k,
Y. AN 29, WL S AR A DNAR S o
1 AN N ROSITH 2, 2{ROSTH i, 41 i kT
S N B (oxidative stress) R 2, 1 A [R]RE B (1) 4040
RESCR] e 5 | R AN A IS 5 i AR RN, BAS [H]
PRI S I, A8 20 A -7 TNF-o FHIL- 1B T 1
ROSIH B PE 0 o sl Rk B, H2E A s
PEAR S, fe 4 B ML D) RE SR R TRV SR T
i W (precondition) 40 ¥ E . BRAH Sz A B8 A FELVAT
S0 26T AN, R A A A R R . T
5137 TR N i e S = K R A AT QR Y AT N & T K
FEv R EEFNE LS, S AN, FEAR SRR IR 1) IR 4i i
I, O FH 1 FEE A T R 350X 43 24 <0.2 mmol/L.
0.2~1 mmol/LFI>1~2 mmol/L, KA [Fl ) 4 Ab
TR e,

g B k% W3 AT 4 A 4% 47 (nucleolus) AT #% Ji
(nucleoplasm) P A DX 45, HLAZ A= B 5 90 2 AT 07 sk
% (cellular stress sensor) ) Lfe". NN, A~ H
AL AL o, — J7 A S5k i . DhRe TR, O3
— 7 IR A A% J5t 1R A 1 5 A ke AR 1R . 25 IO,
Horp iR 2 10 A BT FRARE . AZBE AR d
RPL11. RPL5. RPL23FIRPSTH A % 4% it Ji % p53
e VR 2 35 R0 iU — HOIE A A
SENP3(SUMO specific protease 3), FA1 &, £
it 2 A8 A S S, SENP3 A% Jot P 3 19 i, AH 3 22
WL i SENP3 ) S8 AL B AT 0T 2 28 A B A (g i -4,
H R, % SENP3/EA [F R B 4 A N S 2 75 A AN ]
P BE PRI G I HLJ2 75 AT B A S NG 2, A9 RITR
oI P RS2 A A A ] REATL R

SENP3 /& 41 3 2 SUMOAL & 1fii(de-sumolytion
modification) 1)l 5K G % 72—, F EAAL R R
Jit 2 B SUMO2/3(small ubiquitin-like modifier protein
2/3) 45, T SUMOAAE M Al 2 SUMOAE i ] 1 v 4
E B E PERE AT, JUH 2 40 A% W e sk R, TR
0 A U 428 20 T 0% 2 o 47 T S A (09 A A

SENP3; oxidative stress; antioxidants; gene expression

SN, BT T A I SENP3 I i 1 15 1A= & 1 5 i)
SUMO2/31& 1, 2 5rRNA I T A BRI A2 &
JEUS1O T A SR AL Y BN, SENP3 AR A% I P R E 48 i,
M3 T H SR FFOXC2. 5 5 3L K -Fp3001H)
2 SUMOALAE RS PR 15, $2 78 SENP3 W 2 4 4k
IS ) 43 - AL T A R T8 Ik R R e S IR T Tz b
R S b 5 g S PR R IR AR A R R
(1) 2R IR AE A A BN 2 v ) T A, AR SRR
TP SENP3 A& 75 52 M 14840 B 11 10 3808 S 55 N JRs
KR

AT AT 4 W 7K P DAAS 7] 94 5 Ho O B AU AN [F]
T P AR AL I 38, T #R 1P SENP3 ) H . 58 A TRt
AR BRIk B RS, R BLSENP3 [ I 18U 52 F1 W
ZeRLT, AT T oAk 4 %) 440 PR B 45

1 #mRI5RHE
11wy

HeLa4ll ffl (American Type Culture Collection,
ATCC). siRNAF; A i SENP3 ) HeLa4ll i £ (sh-
SENP3, A 5256 % K% ); DMEM(Hyclone A 7). ¥
i 25 135 (Gibeo 2y 7). PBS(Dycent Bio/ ).
0.25% Trypsin-EDTA(Gibco A 7). HLAA T2 anti-
Tubulin(Abcam%y #]). anti-SENP3(Cell Signaling
Technology 2y 7))« £ [ 9% EIZE i (Jackson 2y 7))«
P ehric —Hi(AlexaFluor® 488 Goat anti-Rabbit, Life
Technology A rl). i) ¥ 4 i A& (Hydro-
gen peroxide, H,0,, Sigma/A #))FI N- £t 2F Bt 2 1R
(N-acetylcysteine, NAC, Sigma/A ). SZI 7€ #PCR
MFRARFHA : AMV Reverse Transcriptase(Promega/y
#])~ Fast Start SYBR-Green/Rox(Roche’/A ). 5|4
g AR A TR B w4 e S BRAN at
1 COMNMIEEFEAE (Thermo A T ) . 5 HIA VR DL
(Allegra X-22R, Beckman Coulter/A 7). #EHUER 7 6
Fe v (Nanodrop 2000, Thermo/A ). S 586 5E
i PCRIX(ABI-7500 Fast, Applied BiosystemsZ 7] )+
PO IL S A2 WA (LSM 710, Carl Zeiss/A )« i
AAEE (QBD2, GrantA w] ). AL (VCX130,
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BRI -

Sonics /A H) )AL 22 K6 % R 4t (Image Quant LAS
4000 mini, GEZA ).
1.2 A%
121 @iRizA AHEFRTE10%06 4 g1
DMEMK: FR bbb, B T R:FRM b R 75 . 4l ilik
90%3I -5 FE I EAT A AR
1.2.2 M A Lw% (dihydroethidium, DHE) ) 48 fEROS
K DHEZ% FHFIROSEREL, nl F T35 41 i f2 41
P e (t, DHERTHEA TG4, fEROSIHIVEH Tt
SAEREM L. F O SR AR E
P, PGB I AT AR 41 fUROS 1 7K

K13 mmaS B & T K SRRt i,
HCH BT e 246 LA . LA2X10°1# % 2 K HeLa
AR T FLIN o HaO 4 F5 41 i J5 7 21 58 452 357 6 7
FEHIEMA10 pmol/L DHE, 37 °CHE 0.5 h/)i5, PBS
PRIBBES Ll o E 2 208 I n Hoh, B 24708
VAT 5 3, K A B T A e b 3 e 3
B B L AR O G IR A BB T O S 4,
1M1 ZEN2010F Image 6} G EAT A BRI F 4 H
1.2.3 & & i % JE PP (Western blot) B 24 i
0, B TR 2R i R T S s TR R 2 e
71 (Nanodrop 2000) & & . A 3% 851200 pg L,
SDS-PAGEHLVK, ## £ PVDFJIE, &1 hig it d —
$lo anti-Tubulin$% 0.5 pg/mL, anti-SENP3 4% 1:1 000
Fike, 4 °Cid . YK H, TBSTEEPE3 VG E ¢, 1L
FEPrRPUARRANL S BTRPTARII121:5 000% 8¢, 37 °C
§5 5 1 ho TBST FHEUE, BRI S A0 B A 2 (4 (ECL,
Promega), 1427 KOG AR ASCR M - tH R, Imageld
BRI B AR K A
1.2.4 %% % X (immunofluorescence) TSGR
13 mmiG B & T Io K SREHRE IS A, B
JETAE24 AL . LA2X 10 35 5 K HeL a4l o £
TAUA, AHE S T B 4% % 38 RS [ 5, el il
%R FENIY% BSAE LS, W 5 HUSENP3HLE, 1:300,
4 °CIER. W H HHA FIPBSELIE3 IR, 1 8 2 6hrid
. Pi(AlexaFluor® 488 Goat anti-Rabbit), 1:300, 37 °C
B¥E1 he EPLEDAPIR B, Hmd fr, WoBIL R &
S N . L ZEN2010 K Imagel #4443 B H
X9 B, i 1 R
1.2.5 5£8F 7 #PCR(Real-time PCR) Al [ Trizol
LML L R AM VI B S AR &, i FERNAFE I 5 5%
3 #|cDNA. it IFiT g 519, k1. i

%1 Real-time PCREYS |57
Table 1 Primers for Real-time PCR
B JFHI(5'—3")

Primer name

Sequence (5'—3")

Prx1 F: TGT GTT CTT CTT TTACCC TCT TGA C
R: GTATTG ACC CAT GCT AGA TGA CAG
Prx2 F: CGA GCATGG GGAAGT TTG TC
R: TTT CCT GGG TCA GCA TAG GG
Prx4 F: TGT GGG TAG ATC AGT GGATGA G
R: CAG CTG GAT CTG GGATTATTG
Grxl F: CAC TGC ATC CGC CTATAC AA
R: TCG ATA TCA CAG CCA CCAAAC
SODI F: GTG CAG GGC ATC ATC AAT TTC
R: CCAACATGC CTC TCT TCATCC
CAT F: TAG CCT TCG ACC CAA GCAAC

R: GGA GCACCACCCTGATTGTC
F: CTC CTC CAC ATC CCT TCC
R: CCG CAC GTT CAA GAA CAGAGA

GAPDH

Real-time PCRAT I HLEE K F ik, S D BRI s Fast
Start SYBR-Green/Roxif ] & vt B 5 47, iz H
7500 Software# {14t H s, e £ AH S AR DA FA
SR

H B - 1 A W) 408 B F 5K (peroxire-
doxins, Prxs). 4L H 1 1(glutaredoxin 1, Grx1),
A A (catalase, CAT), ALY EALEE 1(su-
peroxide dismutase 1, SODI). T iHi-3-1 iR i Ui
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
1.2.6 %it7i*  NHExcel & GraphPad Prism 54K
A0 7 ' iR S5 B [ 4% Y 2K BEABLREAT Ge v 2 40 T,
Kl 208 1 SRR 1R (mean+SEM), 4117] HL AL
FKIUASK, P<0.05 0 Geik 2 % 5

2 H#R
2.1 AEIRESLNBISENPIER RIS/
i

FHANFR 51 H:H,0, 0.2, 0.5, 1.0, 2.0 mmol/L%} %
AbPEHeLaZi i1 h, DHEH: (B A I 40 i S ALk JsUIR 25
A%, [R] I Y. FH G 8 B 35 5 1A I SENP3 AR [ #=: 1)
PRI AR, PRITSENP3 I 2 15 B AN [F) 4 4k W R
BT R AR AR . g5 R R, BT HLOL 0K 5 13
10, DHER) %¢ ) 5 B 32 3 38 ;- Hi 446 YINAC T i
B G, Ha0x5 | 1 %< 6o B AR AV 2%, 5 R ITHLO,
FHABL, $E7NH O S BN i Y ROSE I, 4 i & 2E
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(A)
H,0, (mmol/L) 0 0.2 0.5 1.0 2.0 0.5
NAC (mmol/L) - - = = = 5

DHE

50 pm
—

50 pm
—

®)

50 pm
oA

—_— = N DN
o L o W

<
w

0
H,0, (mmol/L) 0 o.

Relative fluorescent intensity

50 pm

205 1.0 200.5

NAC (mmollL) - - - - - 5
©) (D) _ 25
o

520

SENP3 ’ e —— — —— \ 515

2 1.

Tubulin N - — o — — ; 1.0

H,0, (mmol/L) 0 02 0.5 1.0 2.0 0.5 Z05

NAC (mmolL) - - - - - 5 ~ 0
H,0, (mmol/L) 0 0.2 0.5 1.0 2.0 0.5
NAC (mmol/L) - - - - -5

A: DHEFREF RS M40 flIROS/KF; B: AR 9 G0 BE AL GE T2 3 BT o AHRT 2 S0 82 Sy Ak B2 S350 58 s i B8 A A Ak BRZH B LU AR, ~P341%8
SR AL 2 A4l e i s (35 5. # A4l ki ARAbFRAL, n=26; 0.2 mmol/L H,0,41, n=34; 0.5 mmol/L H,0,41, n=37; 1.0 mmol/L H,0,
41, n=36; 2.0 mmol/L H,0.41, n=31; H,0,*NACHI, n=24. *P<0.05, **P<0.01, 5 A4 L1 (¥ L2 B4R /- 1 WAL LA C: g B2 A
SENP3 4 [ #; D: SENP3HL s (4R v 2 0 e AHN 8 4 o0 Ab BRAH 55 2R A BZH 1) LU AV, 8 4 b B 8ebr 1 . *P<0.05, **#P<0.01,
#xP<0.005, 5 ARKBE LLHR, SR R B AL L.

A: cellular ROS level probed by DHE; B: fluorescence intensity analysis of DHE probes. Relative intensity is the ratio of average intensity of all cells
in treated group to untreated group and data are presented as mean=SEM. Cell number: untreated group, #=26; 0.2 mmol/L H,O, group, n=34; 0.5 mmol/L H,0O,
group, n=37; 1.0 mmol/L H,O, group, n=36; 2.0 mmol/L H,O, group, n=31; H,O0,+NAC, n=24). *P<0.05, **P<0.01 vs untreated group; C: SENP3
level detected by Western blot. D: the analysis of SENP3 level. The relative SENP3 level is the ratio of treated group to untreated group. Data are pre-
sented as mean=SEM. *P<0.05, **P<0.01, ***P<0.005 vs untreated group, or between indicated groups.

Bl FREEESNEHFSENPIER ST
Fig.1 Changes of SENP3 protein level under the different extents of oxidative stress

THEA N (K TARTE IB). 7£0.5 mmol/L H,O.4b F
i, SENP3T [ 2 14 i 21)1.84%, {H P A PINACTI
5 & ] LABH 13X i, 43 ENACK BE 2 [A] 1) 22
H g2 = L(E1CH K 1D), Ui WSENP3 [ [ &
A AL R AR LB S EE o AEAN [R) FE FEE 4R A I I
SENP3 4 [ 2 [ 22 40 ) {2 7~ 0.2 mmol/L H,O,1F F
I 14 0 2101, 74%, {1 BEH.0,7 & ¥ 38 n, SENP3 () &
YEFFTE1.8~2.01%, AN [H ) H 040 B W] JC 48 112 %2
SE(EIICHED). bk 4 RHor, SENP3N &4 4L
IV, RGN TR AR R R BBURK, R AR A K
oL ST ) P R AT 5 | 5, TG AR A N SRR B ) A G
PE.
2.2 FRIEES N HFTSENPIERLR M

FH R BE UK JEH,0,40 B HeLadll i1 b, % 226

Rr I SENP3 (¥ 52 A7 A% o 38 1L 43 1) 40 v 4l i AZ (1)
AN DX I ——AZ A % 5 SENP3 ) 1, TR A
FHSENP3 & 19 21>, #5 7IRSENP3 & 15 45 144 i) 4% it
B . g5 R B IR, B0 7 38 it s 1 4
A0 NI FE I, SENP3AEAZA & Wi /b, i fE4%
Jo AR AT Y 32 81 n(EI2A) . 3 B IR PAS X
SENP3 AR 5265 B2, BiH,0,M0.25 i1 0.5, 1.0,
2.0 mmol/L, #%4-HSENP3/ T F&4351°40.396% . 0.42
17 0.481% . 0.531%, 1A% Jit -1 SENP3[FI3 11 43 31 4.0.40
Ty 0.53fif5 0.73fi%F 0.741%, FIUH S AN R FE IR
FHRME(E2B) . H OB 40 i 5T FINACTIF ', H,O,
51 E I SENP3H 43 A A i & 2B (EI2ARTE2C), X L6
S5 ARIR, SENP3TE N2 AN R RE FE AU A B ST, B T
B 0 o PR o ) A 11, s m DA 3ok 2 5 1)
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(A)

SENP3

10 pm 10 um
— —

DAPI

10 pm
A

H,O, (mmol/L) 0
NAC (mmol/L) - -

10 um

10 pm 10 um
0 [l

10 }Ll\\{ }1J um

(B) (®)

Z 22- -~ Nucleoplasm %‘ 20, 3 Nucleoplasm
8 ©- Nucleoplus g —— == Nuycleoplus
E £ 15

g g 10

2 3 2

£ 1.0§ =

P g 05

2 04 T T T T [~4 0

NAC (mmol/L) - + - +

H,O,(mmol/L) 0 02 05 1.0 2.0

H,0, (0.5 mmol/L)

Ar FE TR M SENPIFERZA S BT P K€ 07 B: SENP3LEAZA ML ST X S (1A R 5 ot FEAR AL 55 GE vl 27 0 Mo A 506 ik & A b F 241 T
4585 ik JEE RH R R AL R 1) L AR, A A FIAZ 5 X 3 114 5 5 i o2 2 () 21 22 AN A0 M i DX SR nit FE IR 8 8. -2 A0 Mo B R AL BRA, n=21;
0.2 mmol/L H,0,4, n=24;0.5 mmol/L H,O2H, n=17; 1.0 mmol/L HyO.2H, n=24; 2.0 mmol/L HyO.2H, n=27; C: SENP3 [ A X ¢ ;5 i A8 Ak 15
G2 E T BT JENACTIE 5 X H 0040 PRIE (KT SENP3 R A7 SR IR 2 0, Hd 467 g S Bepbm it . 44 0.5 mmol/L H,0.8H, n=17;
H,O+NACH], n=24, *P<0.05,

A: SENP3 localization in nucleolus and nucleoplasm by immunofluorescence; B: fluorescence intensity analysis of nucleolar and nucleoplasmic SENP3.
Relative intensity is the ratio of average intensity of all cells in treated group to untreated group and data are presented as mean=SEM. Cell number:
untreated group, n=21; 0.2 mmol/L H,O, group, n=24; 0.5 mmol/L H,O, group, n=17; 1.0 mmol/L H,O, group, n=24; 2.0 mmol/L H,0O, group, n=27; C:
fluorescence intensity analysis of SENP3 in nucleolus and nucleoplasm. The comparison of the relative fluorescent intensity of SENP3 between at present
and at absent of antioxidant NAC. Cell number: 0.5 mmol/L H,O, group, n=17; HO,+NAC, n=24. *P<0.05.

E2 RERESLMFTSENPIEMAITL
Fig.2 Alterations of the SENP3 localization under the different extents of oxidative stress

MR, e AT ot A ) A T BB T R A Dl g
2.3 SENP3Z 54 L RARTSHT AR

WESR SENP3 fig % Ji 52 48 A U AF e A7 (1)
MR, AT SESENP3E 15 REGE HU BT AU 3. W
JHSENP3 52 5 il K% (9 HeLadil A, Ao x5 40 i 484k
I TSRS R 52 MR S 938 B8 0 4 985 58 D' B AR 58 HiE
SENP3 ¥ bR 0% 20 24 50%, %A~ ] 2k /b (KI3A
FIE3B). {EIXLERSENP3HIZN L, ROS#ETDHE
(10029 S it B S I S 3, A% IR B G B S, A
Y vp T A 40 00 S 38 9 ' i FE 1E I 70,6445 (13C
FE3D). $7~SENP3 1] {E 2 5 i 45 40 i 1) 45 A I8
JiE AP, R E AR A IR SRS JE A T
2.4 SENP3MSE LN HFREHNERRIZHZN
20 H i SN, SENP3RERS 2 5 5 Ak JFUIRZS (1 4E 5,
EALHIA B, HAR A0S SENP3 2 157 415 52 i
A0 i A AL JFOR S WANE 2, WO 7T T A AL

¥ [ (antioxidants), Al e A1 175 B SR AL NN 6
KA, [ R SENP3JE 15 2 5iX Fh ik R 1% .
P A AL B OB AR A 9] B 7 ISODIL i BR
H,0,FICAT LA J 4 47 8 11 s JEUIR 25 19 420 2 11 5%
J%Prx1. Prx2. Prx4MIGrxl. %559 SBoRr, 41 &
RS, FFRSENP3 R B i R IR SEIL N 0k, F
B30%~70%, 2= 947 Ge 2475 SL(E AR K(4B), $72
ZRSENP3T] g/ ) 2 P B2 T R R 3R A,
O FE A1 M (R AR SRS . 0.2 mmol/L HoO 40 HE
HeLa4ll ff21.5 h, 40 Jf kb 142 5 S AL N 3, X 28 T4
A HE R R )R A A AN R RR B ) B, JL i Prxd
CAT. SODIWIMUER Gt 275 X, e efiTnl ge &
PRTE N B LA B IR, EDKE 4 i N (R SENP3
i Al (kcockdown), X S8 IE K K IR AN T RESS Hf, 12
ZNSENP3HRF 5 H A 5 T W 30N, 25 356 DA g 2Rk (1)
4AFIE4B).
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sEnps (WA |
Tubulin (S0 N]
©)
DHE DHE
Q
Z
=
o
a8
Z
m
W
Z

(B)

DAPI SENP3

sh-NC

sh-SENP3

(D)

I

—
w
N

=}
A

e
W

f=1
f

Relative fluorescent intensity

(&4
A,
2

£74
5 Y
%

AL B: G EREAN G SR SENP3 R 8 2%, C: DHEFREH KT IN 4t JUROS/KF; D: DHEFRE AR 98 o B2 AR 4 5 G vt o0 Kt AR 20
SHLEE R (IRSENP3 41 A 55 56T W21 40 1 22 5256 s B2 1) LU A, B o By bk . 4l U % sh-NC, n=28; sh-SENP3, n=23. **P<0.01.
A,B: the efficiency of SENP3 knockdown detected by Western blot and immunoflurescence; C: ROS level probed by DHE; D: fluorescence intensity

analysis of DHE probe. Relative intensity is the ratio of average intensity of sh-SENP3 cells to sh-NC cells and data are presented as mean+SEM. Cell

number: sh-NC, n=28; sh-SENP3, n=23. **P<(.01.

3 SENP3X4RAES LT ARSI ST
Fig.3 The effect of SENP3 on the redox state

N HE— 3D R AS R R P 4 A0 DY 38 e A B
13 DR A 1) i ) 5 SENP3IH G &R, 3 FH R S A
JEH,0.4b P HeLadll fid. 45 W & BN, Prad ) 3 i% bl
HL O, 7 5 38 I T2 i 59 n, M 1.51% 215.56%, 5 M
FEFEA K (ERKSENP3)R, Prodin 10Nz 81—
P B4 (B 4CHT K4D) . ik 45 575, SENP3
REA W2 AN R B A A N B, 0 0 A 3 = PR
A HE 1 PRI R AP B D Re

3 g

19964, 2KiZ % H 1 & i 73 FSUMO1) & 3L
il NATT I T SUMOAK A& i 3 ol 37 1) £ 11 Jot i
JRABHENT . 1 JUAER, BEAE T 2 B A BRI
R, SUMOAK & i &L 28 i 40 i P4 3= 2 (1 0 2 )5
Bt Kz —. SUMOAAE 1 th [7] 3 A A% 1 — £,
[Fi) I} A7 6 385 17) 1) 2 SUMOME M, PRI SUMOAK 2 22
SUMO A M [F] i 1 22 10 240 M A 47 5 20200
WA BT B L, 2 SUMOAL 5 [ i SENP37E

S A IO D 1) I M I Re, LS T A R
Fi5; R ILSENP3 & SENP S % o) 8 Ak N s by
BB ) S, 0 T PR S R T P ) R A
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Fig.4 Alterations of antioxidants expression mediated by SENP3 upon different extents of oxidative stress

WATREA ] AR AR S h 2RI, 7R3 R 4
AL, 55243 27447 b 208 K AR AR Ak, JF I8 Rk
SENP3VZ Z AL B (1) 952>, AT -3 350 1 o (1) P okl
Bt YESENP3 11/ htad B, w] BeAr 7 HoAth
BT R RE A% 17 DTS T A5 R AU N BT i
JSENP3IFE AT o T3 4b, A G HEBR A7 70 AN 7] 1 46
AE M 7 B B 2 e H K AR % i (glutathionyla-
tion). —fiit #(disulfide bond). I (sulfenic acid).
VP figk iR (sulfinic acid)E [ (sulfonic acid). KT [
BLA, FRATPHEAE AR IR IRAER T

ST IR B R B, SENP3 S T 48 A4 B 26 0k 11 52 2%
PP i BRI, SENP3H Y4 £ Préia b B
(%15 A IEPrx K k. CAT. SODI1. Grx1%, /1
SENP3 1] it 2 5 e AT (AL Al s 4 H 2580
PO, Prxd. CAT. SODI1# ik b i, ifi H b His 1t

B AN &, 7] i SENP34/5 2 553X Pl b 300 25
n] 58 5 SENP3 1) K &3 A 0%, 15 MR 5 th L
() S5 DR 1~ BN ' 1 2 SUMOJR W % . fEPx K
W, Prxd5Prx1. Prx2s@ O MG sk AN TA] . 15,
Prx1. Prx2 75 A /E 40 MoAZ A 40 o 5t i Prxd 3= 22
SENL TSN IE BT, NN AR S I A AL Y
PRSI, BE ) BET ARG, sk N2 R 1 %
Prx 13340 i £ 4 41 fifd A4 K [A 1 (fibroblast growth
factor family, FGFs){ii 5 &2t v L2 #EPrx 1 f Prx2
(IR, H G T Prxd Rk (1) 4 s A -, i )
TRD o ABFFUE RALTR, (RS, BT A
FKIE LR AR, HSENP3fTT T NI 1) =
A W I R Z A N IR e I e sk R T, TR R
LE () B SENP3 1 [rISUMO AL A& i o

HoAr, AH &AM E LW iE 1T 5r



il T e 55 SENP3XS AN [ T2 B2 S I R K e s2 M 25

953

SENP3[W W) & A L, A4 sk B FFOXC2. £
SR AR IR 1300 AZBE R ZE) A5 A DG R 11
PELP1. LASIL. NNV % 8 FpS3. B23. ikt
FIPML . H:Ath I B8 2 FIPARP1. Drpl, {H LA JEY)
LIP3 0 RN 30102127300 AT
Xt RS 45 5 PrxdJH 812 000 bpX 48 1) 4% % 8 1 13k
AT, Horp, SpIAa SNG4 X I, miEHER T nlfig
PE, ARAHT TR XS Sp LEEAT S0 IE, DL & I v] e (1)
PrAa b N & T e RISUMOAL A& i i 4%

S &3k (References)

Stone JR, Yang S. Hydrogen peroxide: A signaling messenger.
Antioxid Redox Signal 2006; 8(3/4): 243-70.

Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology
of ageing. Nature 2000; 408(6809): 239-47.

Gao L, Mann GE. Vascular NAD(P)H oxidase activation in dia-
betes: A double-edged sword in redox signalling. Cardiovasc Res
2009; 82(1): 9-20.

Cai H, Harrison DG. Endothelial dysfunction in cardiovascular
diseases: the role of oxidant stress. Circ Res 2000; 87(10): 840-4.
D’Autreaux B, Toledano MB. ROS as signalling molecules:
Mechanisms that generate specificity in ROS homeostasis. Nat
Rev Mol Cell Biol 2007; 8(10): 813-24.

Wang Y, Yang J, Yi J. Redox sensing by proteins: Oxidative
modifications on cysteines and the consequent events. Antioxid
Redox Signal 2012; 16(7): 649-57.

Matthews DA, Olson MO. What is new in the nucleolus?: Work-
shop on the nucleolus: New perspectives. EMBO Rep 2006; 7(9):
870-3.

Andersen JS, Lam YW, Leung AK, Ong SE, Lyon CE, Lamond
Al, et al. Nucleolar proteome dynamics. Nature 2005; 433(7021):
77-83.

Boulon S, Westman BJ, Hutten S, Boisvert FM, Lamond Al. The
nucleolus under stress. Mol Cell 2010; 40(2): 216-27.

Mayer C, Grummt I. Cellular stress and nucleolar function. Cell
Cycle 2005; 4(8): 1036-8.

Yan S, Sun X, Xiang B, Cang H, Kang X, Chen Y, ef al. Redox
regulation of the stability of the SUMO protease SENP3 via interac-
tions with CHIP and Hsp90. EMBO J 2010; 29(22): 3773-86.

Sun Z, Hu S, Luo Q, Ye D, Hu D, Chen F. Overexpression of
SENP3 in oral squamous cell carcinoma and its association with
differentiation. Oncol Rep 2013; 29(5): 1701-6.

Wang Y, Yang J, Yang K, Cang H, Huang XZ, Li H, et al. The bi-
phasic redox sensing of SENP3 accounts for the HIF-1 transcrip-
tional activity shift by oxidative stress. Acta Pharmacol Sin 2012;
33(7): 953-63.

Ren YH, Liu KJ, Wang M, Yu YN, Yang K, Chen Q, et al. De-
SUMOylation of FOXC2 by SENP3 promotes the epithelial-
mesenchymal transition in gastric cancer cells. Oncotarget 2014;
5(16): 7093-104.

Yun C, Wang Y, Mukhopadhyay D, Backlund P, Kolli N, Yergey

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

A, et al. Nucleolar protein B23/nucleophosmin regulates the ver-
tebrate SUMO pathway through SENP3 and SENPS proteases. J
Cell Biol 2008; 183(4): 589-95.

Castle CD, Cassimere EK, Denicourt C. LASIL interacts with
the mammalian Rix1 complex to regulate ribosome biogenesis.
Mol Biol Cell 2012; 23(4): 716-28.

Boddy MN, Howe K, Etkin LD, Solomon E, Freemont PS. PIC
1, a novel ubiquitin-like protein which interacts with the PML
component of a multiprotein complex that is disrupted in acute
promyelocytic leukaemia. Oncogene 1996; 13(5): 971-82.

Gill G. SUMO and ubiquitin in the nucleus: Different functions,
similar mechanisms? Genes Dev 2004; 18(17): 2046-59.

Muller S, Ledl A, Schmidt D. SUMO: A regulator of gene ex-
pression and genome integrity. Oncogene 2004; 23(11): 1998-
2008.

Dou H, Huang C, van Nguyen T, Lu L, Yeh ET. SUMOylation
and de-SUMOylation in response to DNA damage. FEBS Lett
2011; 585(18): 2891-6.

Han Y, Huang C, Sun X, Xiang B, Wang M, Yeh ET, et al.
SENP3-mediated de-conjugation of SUMO2/3 from promyelocytic
leukemia is correlated with accelerated cell proliferation under
mild oxidative stress. J Biol Chem 2010; 285(17): 12906-15.
Higuchi M, Kato T, Chen M, Yako H, Yoshida S, Kanno N, ef al.
Temporospatial gene expression of Prx1 and Prx2 is involved in
morphogenesis of cranial placode-derived tissues through epi-
thelio-mesenchymal interaction during rat embryogenesis. Cell
Tissue Res 2013; 353(1): 27-40.

Doufexi AE, Mina M. Signaling pathways regulating the expres-
sion of Prx1 and Prx2 in the chick mandibular mesenchyme. Dev
Dyn 2008; 237(11): 3115-27.

Wood ZA, Schroder E, Robin HJ, Poole LB. Structure, mecha-
nism and regulation of peroxiredoxins. Trends Biochem Sci
2003; 28(1): 32-40.

Fujii J, Ikeda Y. Advances in our understanding of peroxiredoxin,
a multifunctional,mammalian redox protein. Redox Rep 2002;
7(3): 123-30.

Zhang M, Hou M, Ge L, Miao C, Zhang J, Jing X, et al. Induc-
tion of peroxiredoxin 1 by hypoxia regulates heme oxygenase-1
via NF-kappaB in oral cancer. PLoS One 2014; 9(8): €105994.
Nishida T, Yamada Y. The nucleolar SUMO-specific protease
SMT3IP1/SENP3 attenuates Mdm2-mediated p53 ubiquitination
and degradation. Biochem Biophys Res Commun 2011; 406(2):
285-91.

Kuo ML, den Besten W, Thomas MC, Sherr CJ. Arf-induced
turnover of the nucleolar nucleophosmin-associated SUMO-2/3
protease Senp3. Cell Cycle 2008; 7(21): 3378-87.

Messner S, Schuermann D, Altmeyer M, Kassner I, Schmidt D,
Schar P, et al. Sumoylation of poly(ADP-ribose) polymerase 1
inhibits its acetylation and restrains transcriptional coactivator
functio. FASEB J 2009; 23(11): 3978-89.

Guo C, Hildick KL, Luo J, Dearden L, Wilkinson KA, Henley
JM. SENP3-mediated deSUMOylation of dynamin-related pro-
tein 1 promotes cell death following ischaemia. EMBO J 2013;
32(11): 1514-28.





