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FHE 4 7R ataxin-3 [FIEH AEBLTIAE LU RE /N B LSRR T AL / Ty 22 - 290 R IR R W LB, SR A I BERUR AT B
A, polyQ § AL A ataxin-3 A KA FBHITRL, Tk AN cDNA SCFE, F465 2 A TAE RIS A, §fik ) A
5 [1 small ubiquitin-like modifier 1(SUMO-1). iff — iz A S LTI B ARIUESE,  SUMO-1 7RI 5L 2P 41 f o FL 4048 i By A 71
Hl polyQ 9 5 AE A ataxin-3. Hu) 5 6HLE MG I, polyQ # SR ataxin-3 JE M MIZ N E F RS 1A S SUMO-1 4L 3¢

7. WHFEIR7R,  ataxin-3 () IE % AE B AE 0] fig 52 SUMO-1 A, SUMO-1 W 825 T /MR T R A / B& % - 4

ST BB

KR ARG RN Y AL - A%, ataxin-3, SUMO-1, BEREXZRAS, Sl dLiile, eyl

ZRHOES R394.3, R741.02

e AN S | B AP SR
(spinocerebellar ataxia type 3 and Machado-Joseph
disease, SCA3/MJID) & — Pl WL 1K) 525 G 44 12
PEIBAE 2 RGTI AL, IR PRRILLL /NG PR 3L
GrO - HEAR RFIHER SN R 240 L SR A MYLRR 95 55
i F. SCA3/MID ISR HE R MIDI1 T 1994 44 5t
FEW, MJDI 9mhSIX 1) 3 % — Bt CAG = IR
S, HE G0 = 4 ——ataxin-3 F0 FR 5L b AH N
s — B 2 BB AW (polyglutamine, polyQ) fik
B, IEE AR MIDI M CAG — TR EH Y
13~36 X, 1l SCA3/MID H34 H: MJDI () CAG =
PR o T e 3 62~82 kW, ataxin-3 (¥ 1E
WA LT fE LA S SCA3/MID (1) & 5 ALk H 1 9 A&
SEAT I TEAR Y FIAAS S50 T, polyQ T SR A
M ataxin-3 ] 7R 40 MOAZ N TE OB (BUE AR S
I FE A ML T2, UL polyQ P i 58 A8 Y
ataxin-3 $R43 40 I 25 1 vl G2 SCA3/MID & I i
SEARJEH, {H polyQ § JE 548 F 1 ataxin-3 $if5
PE R B AR H 57 A 58 4 2 b it — 20 4 B
ataxin-3 (¥ 115 25 BRI fig A JL AR AT LI LA S 584 7Y
ataxin-3 [RIEURHLH], AEFFOR RO HA,
TEF polyQ ¥ it 5248 1Y ataxin-3 4% K A4 4 75 15 it

KL, I E BN cDNA SCHE, i 1% 31 B A 8 F Ik
% -1(small ubiquitin-like modifier 1, SUMO-1).
PeHLYTEUESE, SUMO-1 7EM FL3h W an g v 312
T A= polyQ 4 R ALY ataxin-3; A i 586
KL, polyQ ¥ i 584X A ataxin-3 MR N 5 H
R ks SUMO-1 L.
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1.1 ##Y

T ataxin-3 4% K G 19 )3 B 1R IR BE 3Ok R
pAS2-1-MJD20Q (CAG #% Ul % 24 20 &k ) #
pAS2-1-MID68Q (CAG #4 DA A 68 ¥X) (H A KR
K %% Nukina Z#2 0 FOGME L% BEREARAS
A 4t -MATCHMEKER GAL4 Two-hybrid System 3
(Clontech 7y #); Jit fi pCDNA3.1-Myc-His (-)B-
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pCDNA3.1/Hygro(-)(Invitrogen 24 #); PCR =44l
AR fE (Roche 24 7l);  c-Mye FL o [ i AR Fl 4 1
A SUMO-1 % #i(Santa Cruz A #); SUMO-1 #75¢
EPUA(Zymed A T]); B E AL BE bR I BT
B Hi(Sigma 2~ 7)); cy2 MBI L2 P 1gGy
cy3 1l I 1 1l 2E Pt % 1gG LA K Protein G-Agarose
(KPL /A 7]); ECL iRl &(Pharmacia A #l); oIt
A W (Bio-Rad /& #]).

1.2 #FHikHE

1.2.1 Bait i k. BamH 1 /Sal T XU Y] pAS2-1-
MJID68 Il BD Jit ki pGBKT7, H ik [9] e H 1) 3t [H]
MUK J5 H T4 3% 4 Wy % 5, fg @t 3 4 ik
pGBKT7-MID68, i) I - 4 5 H 20 Jk.

1.2.2 ataxin-3 Al SUMO-1 ELA% %3k k. 4 51 LA
PAS2-1-MJD20 1 pAS2-1-MJD68 K54 PCR 1
B2 T polyQ 7 g 58 A8 T ataxin-3 114 K g itd 7>
41, PCR P=# 1 b FUE 4 ol 51 N BamH 1 F
Hind WAV 50 LA cDNA 3 4 AR
PCR ¥ SUMO-1 4> K4t /741, PCR F=#1)
R 351N BamH 1 Al Hind 1B 55
b DL 4646 )5 () PCR P=4)48 BamH 1 /Hind T XU
VI, mykEED =, T4 RN E R, DM
@ & 4 i ki pCDNA3.1-Myc-His (-) B-MJD20Q-.
pCDNA3.1-Myc-His (-) B-MJD68Q F1 pCDNA3.
1/Hygro(-)- SUMO-1, 1) FI - % i B2 k.
1.3 EEEWZLAZ R A A BX cDNA &

PL pGBKT7-MID68 1 4 i i Bait ik, K H
PEG/LiAc iEFEALIEERE H AH109, BEAT B BTG % ¢
Ko 3-AT f AR #0OH) Wk B2 W e, AR P
MATCHMEKER GAL4 Two-hybrid System 3 )i H]17
HEAT K ML SC P L Ak, B4k JE 1 AHL09 1E
SD-Lew/Trp/His + 3-AT I 30°C K5 9% 3~5 K)o,
PRHL His* 7 . 48 5 7F SD-Ade/Lew/Trp/His* 3-AT +
X-a-gal ML 30°CHEFE 5~7 K, BEREUEE (411 His'
Ade*. Mel" wi [ #£ SD- Leu/Trp + 3-AT + X-a-gal
mrr, e BAEAR 3 LR UEREAS H s A 1 A
AD-Y Jitki. PCR 4 4B ¥ AD-Y R 46 A
Bt, Hae WEEY) PCR 74, B g B A Dk ks U
PCR 1) S g U1 7= Wy LAV B 52 AD-Y J50RL ve b .
JL#:4k pGBKT7 5 AD-Y ki & AH109, i SD-
Ade/Lew/Trp/His™ 3-AT + X-o-gal 1ML 7% B3 8 BH 1 7
i JLEAL Bait iUk 5 AD-Y ki & AH109,
SD- Ade/Leu/Trp/His* 3-AT + X-a-gal I 5 £ H 1F .
B K BH e AD-Y R, KR A5 SR A

GenBank %#i& JZ 1 /F BLAST LL#c. W] GCG # it
Sy BT AT RE R [ AE, A TR 5 GAL4 AD #idk P
FIIEHfif .
1.4 YRS AR GRS

SH-SYSY 4i s R H & 10 % fis 24F 1 3
100 U/ ml #5252 F1 100 U/ ml 5557 £ 1 1640 1555
W, BT 37TCH CO, B FRF T 5577, RIS Yedic [
Lipofectamine2000 44 it BH 1 12E4T .
1.5 HREHITE

TR 24 h J5 AT, B 10 em B IR LN
1 ml 4°C {#47 24 K. RIPA (150 mmol/L NaCl, 1%
Triton X-100, 50 mmol/L Tris-HClI pH 7.6,
5 mmol/L EDTA, 0.1% SDS, 0.5% Jlit 5 JH &2 44 ,
20 mmol/L N-ethylmaleimide, B A 1 100 [
cocktail) T-UK_ 24 30 min. 24/ 4°C 12 000 g &5
0 30 min AR 3. B 20 wl B3, I AR
2 x SDS FEhZE MR ~), 100°CZ ¥ 10 min, 4°C
TRAFCAS B AN, R BT F—0
GPEYLUE. B 1 ml L3S A 50 wl Protein G
Agarose, 4CH:i 1h, 4°C 12000 g .0 20 s Yo bk
i AE 1 ml G TR R A B R N AR R D
YUK 4 g (UIE ataxin-3 JH c-Myc ¥ 91, Ul
SUMO-1H SUMO-1 #.9it, LIIIA 4 pg 1E% /N i
IgG 1 29 911 XF J) 4°C#% 8% 30 min, FEHIIA 50 pl
Protein G Agarose, 4°C ¥ 5% 2 h. .U EEDTTE,
RIPA (AN cocktail) YEHRDIHE 3 I, 2 Lid, A
20 wl 2 x SDS Ff itz i, 100°C & Wk 10 min. &
OV AT BT T R R 0 B 2R B AR R AE R
B 10 wl _Ei%47 10% SDS-PAGE, JK 88 (1 i &
PVDF Ji§, ¥ PVDF BN 1 h J&, DIAAHR ) —
Pt (Pt c-Myce FLPUAL I ataxin-3, SUMO-1 H 4714
M SUMO-1) , i FIFE 1h, JeBEEMABR L
AR PN R PR, EWE NG
45 min, PeMEEH ECL 7 &8 5.
1.6 SERAILEN

g 24 h G, R FURRC T AR 3R B A i
PR+ 2% ph il (PBS) W& UL 3 K, & (3.7% % HH
W 2% e -PBS) =¥ § 15 min, PBS k4 Ik,
$ 19 (5% BSA-0.1% Triton X-100-PBS) % i i &
30 min, c-Myc HL.PLFI SUMO-1 Z Pl FILEE
60 min, PBS ¥t 5 K, F MW %= il F 30 min,
cy3 MBI P 1gG A cy2 MBI PR 1gG IR T
JLHE T 40 min (%), Hoechst33258 444% 1 h, #ix
J& FH PBS Ut 4 IR(EEDG), FIZKEHEE v FIE . H
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OLIEs e AT LRI =
2 4 ES

21 BEEWREX

TR E A v AV M R S, HERAg 5 AN
BHPE s [ BHPE s B e 45 SR 22 ) F BLAST J5 2
e e AN BT v I ) SC R JORE H 4 N TR cDNA
JFH1 5 N SUMO-1 (1) 3" S 4 i 77 51 1) 219 A%
2 100%AH L, Jf H SUMO-1 [#) [ 2 HE 55 GAL4
AD B A IRl
22 GRILIE
2.2.1 SUMO-1 &1 7Y ataxin-3. JG & SUMO-1
N PE RIS RIA, T pCDNA3.1-
Myc-His(-)B-MID20Q ] 2 ZH 41 }o ) 4= 41l Ho 24 fi# ik
H, ] e-Mye P G e BRI ) T4y 7 iR K
/) 50 ku ] ataxin-3-20Q-cMyc @& (K 1
* by, Gy ARERT I 2 455916 4y TR R AR T
i, HA 2 TR N 67 ku (K1 ** 4tb),
2 20 M I 40 L R 22 5T SUMO-1 FLT B0 3% YT
J s BT c-Mye B4 % B BV [ AR TN 2 1 1 5%
KNy 67 ku FIETFUTHT (K1 A 4b); 2 4140 i
1) 4= 21 i 24 A7 R FH Pt SUMO-1 FRL TR 0 34— 4%
25 67 ku [ IS (K2 /o= 4b), 2 20401
I M AR WA BT o-Mye Lyt UiiE 5, At
SUMO-1 H 477 4 92 BN 8 [ FERT I 2 T — 4 KN 2
67 ku [ £ 1 00y (8] 2 v 4b). 28 ook 41 F0 5
SUMO- 141 P4 o} JEAT ¥ 40 i 24/ i H Bt SUMO-1 .
B UIVE S, P o-Myc B3 f 2 B 25 R A6

AT3-20Q - - + + - - + + +
SUMO-1 - + - + - + - + +
66 ku — —e r
. « PPN
L R h
43 ku— '
Il 1 L 1

Whole cell solution IP: anti-sumo-1

IB: anti-cMyc

1P: IgG

Fig. 1 Covalent modification of ataxin-3-20Q by SUMO-1
SH-SYSY cells were transfected with c-Myc-tagged full-length
ataxin-3-20Q in the presence or absence of exogenous SUMO-1, cells
with SUMO-1 (exogenous or endogenous) alone were used as control.
Five percent of the cell extracts were immunoblotted with monoclonal
c-Myc antibody and the rest were subjected to immunoprecipitation with
monoclonal SUMO-1 antibody, the normal mouse IgG was used as the
control antibody. The immunoprecipitates were immunoblotted with
monoclonal ¢c-Myc antibody. Immunoblotting with c-Myc antibody
detected the high molecular sumoylated ataxin-3-20Q (double asterisk)
in the cell extracts of ataxin-3-20Q-expressing cells and in the

corresponding immunoprecipitates but not in the control groups.

R R E A AN (B ), iR R ] e-Mye
P A UTIE o 5 51 SUMO-1 B4 4 128 B 325 [A] KE
A B R S 1) A AR (B 2), BT s 41
Co-IP ¥ FH P &5 A /& 1 T SUMO-1 H Hit 5L 1t
c-Myc HLHUAE 1P b 2 o (9 JE Rr 7 1 N BT 8
pCDNA3.1/Hygro (-)-SUMO-1 #I  pCDNA3.1-
Myc-His(-)B-MID20Q JL4% 20 40 o 24/ v,  HIIE &
N 1gG REDIVE T, H e-Mye B 5T (Kl 1) 5L
SUMO-1 Hg7t (1] 2) e 92 B 28 34 A A I 24T 2
(AR U, UEIA S 20 Co-TP (1) PH P 45 AN A2 i
/NER TG AR RE Sk O T B R A R,
SUMO-1 1&1fi 4= 7Y ataxin-3, X F & A B
A2 ataxin-3 RS F BRI N T 17 ku.

AT3-20Q - - + + - - + + +
SUMO-1 - + - + - + - + +
66 ku— - B T*
(L L L LI
%
43 ku—
I L

i i L |

1P: IgG

Whole cell solution
IB: anti-sumo-1

IP: anti-cMyc

Fig. 2 Covalent modification of ataxin-3-20Q by SUMO-1
SH-SYSY cells were transfected with c-Myc-tagged full-length
ataxin-3-20Q in the presence or absence of exogenous SUMO-1, cells
with SUMO-1 (exogenous or endogenous) alone were used as control.
Five percent of the cell extracts were immunoblotted with monoclonal
SUMO-1 antibody and the rest were subjected to immunoprecipitation
with monoclonal c-Myc antibody, the normal mouse IgG was used as the
control antibody. The immunoprecipitates were immunoblotted with
monoclonal SUMO-1 antibody. Immunoblotting with c-Myc antibody
detected the high molecular sumoylated ataxin-3-20Q (double asterisk)
in the cell extracts of ataxin-3-20Q-expressing cells and in the

corresponding immunoprecipitates but not in the control groups.

2.2.2 SUMO-1 &1 polyQ ¥ 54 Y ataxin-3. JG
i SUMO-1 2 WiEPERILIC 2 Rk, BT
pCDNA3.1-Myc-His(-)B-MID68Q 2 £H 4 ifl ) 4= 41
MUZ R, F c-Myc HUIR s BN EAS I 21 T 4>
TR K /N2 60 ku ) ataxin-3-20Q-cMyc fill & &
F1 (B3 hox by, HAMEKTIN R 2 4555 1 55 -5
HEApUE, &0 T REAN 77 ku (83
oproks Lby, 2 ZH A0 ) AE LR V2 Bt SUMO-1
FoA vl o, P c-Myc BHT G058 B 28 [a) B Ky
ME]T — 4 KAL) 77 ku (08 (A (B3 o+
Ab)s 2 2H 40 4 40 i 2 A b FH Bt SUMO-1
PURLIN B — 4520 77 ku [0 85 (1 47 (] 4 o ==
Ab), 2 2H 9 I A0 B SRR 4 T e-Mye FLPT Sk
DUE G, FPT SUMO-1 gt Fo 93 BV ] B AGr ) 2]
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T4 KN 7T ka R O (] 4 T 4.
JRORL RN LA SUMO-1 2 75 6] R 41 7 40 i 284 A ik
¥t SUMO-1 FyT e UiiE Jo, FH c-Myc 40
92 VIR A A U EIRF 5 1) B Ak (B 3), 1 R
ik e-Mye FLpT e PTTE J5 7 Pt SUMO-1 H
Pt G925 B IE [ R AAS 0 2804 S 1) 2 1 4%ty (18 4),
VLI SZEG A Co-TP FRH &5 AN it SUMO-1 #
PP c-Mye HLHULE TP o 72 o ) A S 2 I 3 B
3 ; pCDNA3.1/Hygro (-)-SUMO-1 1 pCDNA3.1-

AT3-68Q - - + + - - + + +
SUMO-1 - + - + - + - + +

— — ok
66 ku—

43 ku—

Whole cell solution IP: anti-sumo-1 IP: IgG
IB: anti-cMyc

Fig. 3 Covalent modification of ataxin-3-68Q by SUMO-1
SH-SYSY cells were transfected with c-Myc-tagged full-length
ataxin-3-68Q in the presence or absence of exogenous SUMO-1, cells
with SUMO-1 (exogenous or endogenous) alone were used as control.
Five percent of the cell extracts were immunoblotted with monoclonal
c-Myc antibody and the rest were subjected to immunoprecipitation with
monoclonal SUMO-1 antibody, the normal mouse IgG was used as the
control antibody. The immunoprecipitates were immunoblotted with
monoclonal c-Myc antibody. Immunoblotting with c-Myc antibody
detected the high molecular sumoylated ataxin-3-68Q (double asterisk)
in the cell extracts of ataxin-3-68Q-expressing cells and in the

corresponding immunoprecipitates but not in the control groups.

AT3-68Q - - + + - - 4+ + +
SUMO-1 - + - + -+ - + +

- _— I — *k
66 ku—

o . W

43 ku—

Whole cell solution IP: anti-c-Myc 1P: IgG
IB: anti-sumo-1

Fig. 4 Covalent modification of ataxin-3-68Q by SUMO-1
SH-SYSY cells were transfected with c-Myc-tagged full-length
ataxin-3-68Q in the presence or absence of exogenous SUMO-1, cells
with SUMO-1 (exogenous or endogenous) alone were used as control.
Five percent of the cell extracts were immunoblotted with monoclonal
SUMO-1 antibody and the rest were subjected to immunoprecipitation
with monoclonal c-Myc antibody, the normal mouse IgG was used as the
control antibody. The immunoprecipitates were immunoblotted with
monoclonal SUMO-1 antibody. Immunoblotting with c-Myc antibody
detected the high molecular sumoylated ataxin-3-68Q (double asterisk)
in the cell extracts of ataxin-3-68Q-expressing cells and in the

corresponding immunoprecipitates but not in the control groups.

Myec-His(-)B -MJID68Q 4% 41 41 My 4, FHIE
/N 1gG S % U UE S o-Mye L HT (B 3) 8k
SUMO-1 g5t (18] 4) G 95 B 15 35 A K5 00 BT i o S
FIER A, ISR Z Co-TP FRIBH I 45 AN 2 i
N TG B AR e Pk N B B0 Bk g AL,
SUMO-1 & 1fii polyQ " £ 58 4 MY ataxin-3, IXFi1&
Ti/E AL polyQ ¥ it 5848 T ataxin-3 1) M43+ ik
BN T 17 ku.
23 HRERAHEM

Sa "4 B H % T pCDNA3.1-Myc-his (-)
B-MID, 1fii SUMO-1 4 Wik &£ iE, B 5b H1 1K
4 B It # T pCDNA3.1-Myc-his (-)B-MJD il
pCDNA3.1/Hygro(-)- SUMO-1, it SUMO-1 A it %
ik AL B AR (20Q)ataxin-3 $4757 43 A T M RN
Wi (5B, 5)), 1M polyQ ¥ Jig 5¢ 48 7Y (68Q)
ataxin-3 W] 7EMUA% P 8 o 2R G 44 ( SF, SN);
P I () SUMO-1 ) 3 38 5 A0k 0 A T
MM N (& 5C, 5G, 5K, 50); WIEPE SUMO-1
55878 ataxin-3 TE UL N 82 1 R A 7R DL R BT A2 7Y
ataxin-3 ¥ B EH (A 55, K 5D, SH);, &
L[ SUMO-1 5 9874% ataxin-3 FERIRZ N 8 2R
EAR LN B A ataxin-3 W B ES(GE OGS,
5L, 5P).

3 it it

B HAT, ORI i E06 5 451X CAG
RIS RS TSR 2D O 9
CAIT I SCALL 24 3. 6. 7. 17 B, ZiEhiLE
B IRAZ R A 1 BRE O) AR S 4iE . I WL
FYPEY. T CAG =T RE LT Y gis % A
S W % (polyglutamine, polyQ)IKEE, Fr LLIX S5 9
SRk polyQ Hedi,  HIAH N I B0 55 D5 4 A 1) 4
SRS FR polyQ . BARHET MR O H &
polyQ ¥~ i 58 4% 3 3 polyQ 45 11 3k 493 40 iw 3 7 /&
polyQ ¥ Wi & A I 4f 2 IR 25 B9, (R g g 58 AR Y
polyQ H [ 7™ A= 41 i 75 1t 1) HARHL ] H A A 56 4
I 1.

SCA3/MID 7t 4Bk, F ) 72 A6 M I b X 2
polyQ FI 5 LS T0N. SR N ] B ataxin-3 11
WA FI T BE DL & SCA3/MID B &ALk, FRA17E
AWK RS H A, LL polyQ $7 584
M ataxin-3 4 KA Wi H & 1, I SN i cDNA
SO, §R B H AR R A 9 % -1(SUMO-1). ATt —20
iz g e BEARUESE, SUMO-1 7EM FLah 4
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Fig. 5 Co-localization of SUMO-1 and ataxin-3
SH-SYSY cells were transfected with c-Myc-tagged full-length ataxin-3 in the presence of exogenous SUMO-1 (b) or
absence of exogenous SUMO-1 (a). Cells were incubated with monoclonal anti-c-Myc antibody and rabbit anti-SUMO-1

polyclonal antibody, and then were incubated with cy2-labeled anti-mouse IgG(green) and cy3-labeled anti-rabbit IgG(red).

The blue fluorescence was the nuclear DNA staining by Hoechst 33258. ataxin-3-20Q showed diffuse cytoplasmic and

nuclear distribution (B, J), while ataxin-3-68Q showed the formation of intranuclear aggregates(F, N); SUMO-1 showed
punctated nuclear staining patterns (C, G, K, O); The merge picture showed co-localization of SUMO-1 and ataxin-3 in the

nucleus of transfected cells (D, H, L and P, yellow fluorescence).

J b S S A YR polyQ ¥ g SEAZ Y ataxin-3.
TR NI, polyQ ¥ J# 5 AL MY ataxin-3 JE I
MW E A RS KE SUMO-1 3L 5E f7. SUMO-1 42—
Rl 532 ZAPENy TAEME A, R Em 5
2 5T M 8 ARG W A0 e A AR A A
B - B A EAE . B A 2 R 1 55
(R 158, SUMO-1 %} ataxin-3 [R5 415 F A7 ]
Al L DL R LR &S 5 SCA3/MID 1k i i 72
polyQ & Ik iz i 2 5 T 25 polyQ
P IR L, T g 58 AR Y ataxin-19,
atrophin- 1191 FE 4% 12 5 ¢ AT 1) 4N i 2 1 % DI A
9‘% polyQ #™ Ji& 5 742 1] #1 # huntingtin f¥) H} 4% %
s, w LA VF 2 polyQ i AT A L4
PEI = E5 T, polyQ B 1A A% K i i 5 FL 40 g 2
PR 2 B A 1 R AR L AT Y R

HAMZRKEE, Wp R ALl % 5 A E1B
PR Ia 8N, 1 E1B 1 78 28 4k 6k 2K 58 A8 AR 1
FTEMUK®, 5HALZ R polyQ & 1—#FF, ataxin-3
A AT BEAT A FE AL S A AN A% N R A 4 M B A
FH12. SUMO-1 % ataxin-3 [JFEAOMEAM1E A 0] e
AT ataxin-3 BHEAZ iz i R T2 5 U T H 40
BEPE.

11 polyQ JHi 711 2 M L L S DR (1) e sk
TETE U, A SR SR R 0 T YRR A RS
Uit 7 R REEEH, X CBP 2&— Ml
2. CBP ik [N R B 2 0 455 288 L0 3R W 468 1) o 2 A
A ER T CBP X4 RS ) T BIPED, S8R
huntingtin A atrophin-1 ¥J 7] 5 CBP A B /EH IF
R Tt Sy e S T 7 2 A R R . AT I AR
ataxin-3 & — PP 4 1 456 8 A I AT W R i s dl
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HIER, 1M polyQ 4™ FE 58 AR W] N ataxin-3 [ 4% 5%
FHEIVER], %34h, ataxin-3 &7 5 CBP AHHAE M JF
T CBP {85y RS, o L, i polyQ ¥ g 5848
) ataxin-3 /1 1) CBP S5 8% 36 F 1 10 3 i 1 F
W, WIS 5 T SCA3/MID I & i #E. SUMO-1
CIN=R A RIE 2k P R ey AL AL B Gib o
W15 DNA (A BLAT sk % 5% 1 1)
AR ]2 0 5 H e S 9L /52 SUMO-1 IR
HH, ataxin-3 i/ SR EMEE2E TR
SUMO-1 (75, FrLl, SUMO-1 A fig il i T ¥
ataxin-3 T - I %35 kS 5 SCA3/MID 11k
Joa L.

2% polyQ P - # AL 52 B4 JCTE ik
T2 PR, A S PR 05 240 RS IR ) T R i
WA IR EEAR, 5 polyQ #7 R AR 1) polyQ & [
ME DAY 1Z 25 3R 1 AR08 B (UPP) BE AR, & T 8UE
F1 IR SR BRI G B K 25 . polyQ T 5848 5 5K
polyQ Az [ 1) B AR A 4 H IR 2 polyQ HJn ¥ S
—EZRE. AR, dRIA UPP [ 3L pL il
B AR FRRAE T polyQ 4K [ 11 FAfi il W] S 22
o M s RO, AE s A AR O T, R T
FIEAVER, W PCNAY, IkBa®LL % Smad4!25: 25 19
SR IR A T FH S AT 18 UPP B A%, 78 polyQ £ [
H1, huntingtin CA% UE B E SUMO-1 1A 20,
1M H. SUMO-1 Fl13Z &4 huntingtin - ) /] — 3 %
MR % 3L, Ik 2 AL T4 0 huntingtin (1) 85 (4 RS 2
PR BN EO 3 s AR P S n e S A
WY R P2 P B, 10 huntingtin 132 2546
A B e AR AT ) b 2255 B AR T, SUMO-1 %
ataxin-3 &1 T n) 8 755 LAk F2  h b i 5%
mMEEREARESABES, Nz hH
SCA3/MID ¥ & It F2.

M2, BATCLWIH ataxin-3 J& SUMO-1 [{)JiE
WEA, B ataxin-3. SIS polyQ I
FAR ataxin-3 Fh R AL AW L, KT W
ataxin-3 M 1EW A% g UL A SCA3/MID FilH: A
polyQ FIi I A I ML il e ik 3] JE 22 A
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Covalent Modification of Ataxin-3 by SUMO-1*

TANG Jian-Guang™”, SHEN Lu"”, TANG Bei-Sha"", ZHANG Yu-Hu", JTJANG Hong",
LIAO Shu-Sheng”, ZHANG Hai-Nan?, WANG Chun-Yu?, XIA Kun®, PAN Qian”

(“Department of Neurology, Xiangya Hospital, Central South University, Changsha 410008, China;
2Department of Neurology, The Second Xiangya Hospital, Central South University, Changsha 410011, China;
National Key Laboratory of Medical Genetics, Changsha 410078, China)

Abstract In order to get insight into the biological function of ataxin-3 and the pathogenesis of spinocerebellar
ataxia type 3 and Machado-Joseph disease (SCA3/MIJD) , a yeast two-hybrid technology was carried out to screen
the adult brain cDNA library using the full-length polyglutamine-expanded ataxin-3 as bait . Small ubiquitin-like
modifier 1(SUMO-1) was identified as a novel ataxin-3-interacting protein. Subsequently, co-immunoprecipitation
showed that both the wild-type ataxin-3 and the polyglutamine-expanded ataxin-3 were covalently modified by
SUMO-1 in SH-SYSY cell, immunofluorescence showed that the intranuclear aggregates formatted by the
polyglutamine-expanded ataxin-3 co-localized with SUMO-1. Taken together, the data suggest that the biological
function of ataxin-3 may be regulated by SUMO-1, and that SUMO-1 may participate in the pathogenesis of
SCA3/MID.

Key words spinocerebellar ataxia type 3 and Machado-Joseph disease (SCA3/MID), ataxin-3, SUMO-1, yeast

two-hybrid, co-immunoprecipitation, immunofluorescence
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