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) 8605 HLlf it Z (A Ak GMR-GAL4 i), F[K7H
w[*]; P {w[+mC]=UAS-Hsap/MJDtr-Q78}c211.2 f{]
8150 Ll i 2 (i FR UAS-MIDtr-Q78 i), FE A
R w(*]; P {w[+mC]=UAS-Hsap/MJDtr-Q27}N18.3
1) 8149 HLiig i R (i #k UAS-MIDtr-Q27 i), H
7 w[*]; P{Nrv2-GAL4.S}8 P {UAS-GFP.S65T}
T10 ) 6794 JLuiE i R (A B Nrv2-GAL4 i), 3
A7 w1118, Act-Gal4/Cyo, w[1118]; P{GD11671}
v45558(fiii FX UAS-Atg7™ JLI), Sco/Cyo, TM3/
TM6 H i 12 i v g K 27 B 27 bt A 27 [ 5K o S
et

1.2 KGR 2 B 24 05 A1 Ak 27l R A BR
Al)s RERECREE A ) ) BB (H A%);
X FR IR W FE R i LA s BERRRY (MLl -
REERE AT TR SO RGO R (T 3K).
1.2 A%

1.2.1 GMR-GAL4/UAS % %4 SCA3/MID % Ht
.

a. % w; GMR-GAL4, UAS-MIDtr-Q78/CyO
. Ff UAS-MIDtr-Q78 I i 5 GMR-GAL4
Ab L 24 AT, LR w; GMR-GAL4/UAS-
MIDtr-Q78 ) GMR-GAL4/UAS %% SCA3/MJID %%
LR R MR AL . oKy WS kb Lol S Act-GAL4/CyO
TR SR AT, A L AL wy +/CyO 1 3L,
T 06 M R 5 w; GMR-GAL4/UAS-MIDtr-
Q78 Ab g AT, i ik IR €8 55 B 2K L A5 4 (1)
TA%, BRI K w; GMR-GAL4, UAS-MIDtr-
Q78/CyO [] 5L,

b. % GMR-GAL4, UAS-MJDtr-Q78/Sir2">®
. B Si2™ 5 F R # @ () GMR-GALA4,
UAS-MIDtr-Q78/CyO i 22 A2, i 1%k 5 K 74
GMR-GAL4, UAS-MIDtr-Q78/Sir2™=® FLif,

c. 14 GMR-GAL4, UAS-MJDtr-Q78/Sir2™>®,
UAS-Atg7™/ 4 JLlf . 18 3 0P i 28 5L g (S ] 7Y
w; CyO/Sco; TM3/TM6) Xt Sir2™2® Wi vy & 34T
AT, wy Sir2BB%/Cy0; TM3/TM6; ki ik
L5 UAS-Atg7™% Bl 5 & (55 I Sco/CyOs
UAS-Atg7™/TM3) ik 47 7% &8, i i 36 K 2 O
Sir2®3%/Cy0; UAS-Atg7™/TM3, Y ik #y 2 )
GMR-GAL4, UAS-MIDtr-Q78/Cy0 Bl 245, 7
TSR JE R B GMR-GALA4, UAS-MIDtr-Q78/
Sir2B3%; UAS-Atg 7™/ 4[] FL .

d. W % Atg7 # RNA T # J5, Sir2 %
GMR-GAL4/UAS Z# %t SCA3/MID 55 K HL i 1) 5%

Wiy 3 ek A RS B U 42 5 7 R ) GMR-
GAL4, UAS-MJDtr-Q78/CyO i, GMR-GALA4,
UAS-MJDtr-Q78/Sir2®2® i UL & GMR-GAL4,
UAS-MIDtr-Q78/Sir2™>%; UAS-Atg7™/ + JLilig (1) &
R & e A s, o FRBE 20 il 46 180 £i% A1 1000 %
TSI AR £ 4.

e. JH €& RT-PCR ¥l GMR-GAL4/UAS
FR 4 SCA3/MID #HE R i Sir2 5 Atg7 mRNA £
B, B 7 R GMR-GAL4, UAS-MIDtr-
Q78/CyO i, GMR-GAL4/+; UAS-MJIDtr-Q27/+
BRI, GMR-GAL4, UAS-MJIDtr-Q78/Sir2®= I
I ;. GMR-GAL4,UAS-MIDtr-Q78/Sir25>%, UAS-
Atg7®W/A+ B 50 H, KX s R 4 20,
PEEUE RNA. DU rp49 FERA NS, WP SCHEk[6] 5
1 Sir2 B Atg7 Frp49 514, REAT SN2 E B PCR
For i &% AL i & Sir2 2 Atg7 mRNA Kk 7K.
1.2.2  Nrv2-GAL4/UAS % %4¢ SCA3/MID %% 3t
F.

a. f# UAS-MIDtr-Q78/+; Nrv2-GAL4/+ %
. O Nrv2-GAL4 R 5% 5 UAS-MIDtr-Q78 4
MRS, £ FARP i ik UAS-MIDtr-Q78/+;  Nrv2-
GALA4/+ i hig.

b. ¥ UAS-MIDtr-Q78/Sir2™>%; Nrv2-GALA4/+
Jog. K Sir2Bs% BLibg f- 7 sl CyO/Sir2™>%; TM3/
TM6 Flfi. Kf Nrv2-GAL4 Sl 47 il Sco/CyO:
Nrv2-GAL4/TM3 R, W % 2% A2 )5 i it CyO/
Sir2®3%,  Nrv2-GAL4/TM3 R i . SR 5 5 UAS-
MIDtr-Q78 H A4, 7E TR ik UAS-MIDtr-
Q78/Sir2¥>%; Nrv2-GAL4/+FLif.

c. % UAS-MIDtr-Q78/Sir2™>®; UAS-Atg7™%/
Nrv2-GAL4 R . 4 UAS-MIDtr-Q78/Cy0O; TM3/
TM6 Bl 55 Sco/CyO; UAS-Atg7™/TM3 H i 2%
28, AE A I 3% UAS-MIDtr-Q78/CyO;  UAS-
Atg7™/TM6 R Wi, R 55 CyO/Sir2"®; Nrv2-
GAL4/TM3 RiZeAg, {7k UAS-MIDtr-
Q78/Sir2™=®, UAS-Atg7™/Nrv2-GAL4 FLif.

d. WEEH WA S AR S ST, Sir2 X
Nrv2-GAL4/UAS %4t SCA3/MID %% Jk [l 5L e A5 74
(Y5

@ Ao ()17 RE ).

Bl M (negative geotaxis)ih e, HRE S %
SCHR[7], K5 7 R UAS-MIDtr-Q27/Nrv2-GAL4
R (), UAS-MIDtr-Q78/+; Nrv2-GAL4/+ %
I, UAS-MIDtr-Q78/Sir2™>®; Nrv2-GAL4/+ % I,
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UAS-MIDtr-Q78/Sir22%;  UAS-Atg7™/Nrv2-GAL4
i 4 N R, BN ELER 100 FUMENE SR BRI 5
AN—AHEEM 20 em SRR, BEEHION 10 H,
30 min Ji SWEE 5, DLIRMEI TR i, SR
ST ) AT, THERTE 30 s JE A B AE R
AR, THE BRI R e, A S A
O TESR BT 3 K, Geih 24 7R O ¢ K5

@ KWW AT RES)

A DAMS R g ) I R 48 (DAMS
drosophila activity monitor), M %2, it 3% Ao BT 3
W IZ By i ) (A AR 1k — AN 204 e o 2 o e S g
TR Y e sk RE S, BT
W OIEI L 4N, XIS S50 a0 5% R k) B
%5 7 K UAS-MIDtr-Q27/Nrv2-GAL4 FLig (),
UAS-MIDtr-Q78/ + ;  Nrv2-GAL4/ + % i, UAS-
MIDtr-Q78/Sir2E%;  Nrv2-GAL4/ + HL i , UAS-
MIDtr-Q78 /Sir2™*®; UAS-Atg7®/Nrv2-GAL4
ML 4 AN R, AR 8 HUREE, RN 1
H, O SR N o R B L AN s, B

Column 1 Column 2

(@) (b)

AR 8 NI M,  EREEA G R IG AT RE
71, BT 3K, Gt iErii R O ¢ K

e. M d RT-PCR Kl Nrv2-GAL4/UAS %
4t SCA3/MID #5H: R Ll Sir2 50 Atg7mRNA ik
KF-. BUER 7 R Nrv2-GAL4/UAS-MIDtr-Q27 (%
M), UAS-MIDtr-Q78/ + ;5 Nrv2-GAL4/ + M i,
UAS-MIDtr-Q78/Sir2®3%; Nrv2-GAL4/+Hf, UAS-
MIDtr-Q78/Sir252®;  Nrv2-GAL4/UAS-Atg7™ 5L
%50 H, KX s RN 1A, $EEUE RNA,
CL rp49 JEDA g N 2x, dEAT SER Y58 i PCR A %
JE 5 & Sir2 5 Atg7 mRNA £k KT

2 7 R

2.1 GMR-GAL4/UAS %4t SCA3IMJID ¥ EE Rig
2.1.1  Sir2 KA B FEMEH T GMR-GAL4/UAS &
4t SCA3/MID 5 3 i JLlig e 22 A0 Pk . 1E % X6 I 4
By AT SR IR S M e e . UM . (R R
Zih; R PO IR S5 oAk, WIEHES
$5%. GMR-GAL4/UAS %4t SCA3/MID 465 H 3

Column 3 Column 4

(©) (d)

Fig. 1 Overexpression of Sir2 suppresses polyglutamine induced degeneration in Drosophila

(a)~(d): Light microscopy images of fly eyes (x54). (e) ~ (h): Scanning electron microscopy (SEM) images of fly eyes (x180). (i)~ (l): Scanning

electron microscopy (SEM) images of fly eyes (x1 000). Column 1: Flies expressing GMR-GAL4 with MIDtr-Q27. The eye is normal. Genotype of flies
is GMR-GALA/+; MIDtr-Q27/+. Column 2: Flies expressing the MJDtr-Q78 shows rough eyes. Genotype of flies is GMR-GAL4, MIDtr-Q78/CyO.

Column 3: Flies coexpressing MJDtr-Q78 with the Sir2 transgenes. Degeneration was suppressed by expression of Sir2. Genotype of flies is
GMR-GALA4, MJDtr-Q78/Sir2"®. Column 4: Flies coexpressing MJDtr-Q78 with the Sir2 in a background of Ag7 knockdown. RNAi knockdown of
Atg7 inhibited Sir2 suppressing degeneration in fly eyes expressing MIDtr-Q78. Genotype of flies is GMR-GAL4, MIDtr-Q78/Sir2"=%; Atg7™/ 4.,
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MRS IR AN AR, SOk 2, IEH L
B, mHE N AL, RS, WIS
FHATW, WIEHSIZEREL: S RIE Sir2 J5, A
SRS AT SO BH 2 ) F i, SO T, R
ARERI R 2, S iR A A,
RS 48, W SCA3/MID s R JL i 1] g 4 22 |
HH(E D).

2,12 HHI A MBS, Sir2 i F ik X GMR-GAL4/
UAS F 4t SCA3/MID % Jit PR 5 i ift 22 48 P 1R 41 21
YERIWI R 0k59. Arg7 BEDI# RNA T4, Sir2 1
F23L 1) GMR-GAL4/UAS R 48 SCA3/MID #E 5L A

(a)
bp
1000 —~
500 — .
—Sir2
100 — —rp49

WEEIR AR ] Wl SUMABTHE, mr R, R
FIRGE A TERE, HWIEH, Hp1ZEELE D).
2.1.3 GMR-GAL4/UAS %%t SCA3/MID LA IR
Wi Sir2 5 Atg7 mRNA 7K-F. AT GMR-GAL4/+;
UAS-MIDtr-Q27/+ % i 8%, GMR-GAL4, UAS-MIDtr-
Q78/CyO £ I , GMR-GAL4, UAS-MIDtr-Q78/
Sir2P20;  UAS-Atg7®™/ + I g A1 GMR-GAL4,
UAS-MIDtr-Q78/ Sir2™>® Ll f) Sir2 2% i & 54 Jin
TY5.6 1%, 1 Ag7 # RNA TG, FUEH Atg7
mRNA R TR, 200 RNA THHTH 25% 40 44
(Kl 2).
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1000 —~
500 — — A7
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Fig. 2 Difference in the level of expression of Sir2 and Atg7 genes among fly lines with GMR-GAL4/UAS

RNA was extracted for reverse transcription. Semi-quantitative PCR was performed to determine the inducible mRNA expression levels of Sir2 (a)

and Atg7(b) genes with rp49 as control. Sir2 (a), from 2 to 4, 1, 5.6, 5.6-fold increase for Sir2 mRNA level compared to the control (/) respectively;

Atg7(b), from 2 to 4, 1, 0.25, 1-fold decrease for Azg7 mRNA level compared to the control (/) respectively. /: Flies expressing MIDtr-Q27 with
GMR-GAL4/UAS. Genotype of flies GMR-GAL4/+; UAS-MIDtr-Q27/+; 2: Flies expressing MIDtr-Q78 with GMR-GAL4/UAS. Genotype of flies
GMR-GALA4, UAS-MIDtr-Q78/Cyo; 3: Flies co-expressing expanded polyglutamine protein and Sir2 in the background of Atg7 knockdown. Genotype
of flies is GMR-GAL4, UAS-MIDtr-Q78/Sir25%%, UAS-Atg7™*/+; 4: Flies co-expressing expanded polyglutamine protein and Sir2 gene. Genotype of

flies is GMR-GAL4, UAS-MJDtr-Q78/Sir2™,

2.2 Nrv2-GAL4/UAS %%t SCA3/MJD £ EH R
YE B BN EE S

2.2.1 Sir2 FRIE W E K T Nrv2-GAL4/UAS &
4t SCA3/MID #H: R R 81T R J1. 5 UAS-
MIDtr-Q27/Nrv2-GAL4 %t i b %%, UAS-MJDtr-
Q78/+; Nrv2-GALA/+ R UEMICITRES) FBE T 46%,
UAS-MIDtr-Q78/Sir2®2%,  Nrv2-GAL4/ + % i (1) I&
1THE 11i55) T UAS-MIDtr-Q27/Nrv2-GAL4 i i)
82%, % UAS-MIDtr-Q78/+; Nrv2-GAL4/+ % 1)
EATRE )8 T 28%(14] 3).

222 MW AW, Sir2 i % ik % Nrv2-GAL4/
UAS Z 4t SCA3/MID %% 5k K JLwg T84T B 7 1) o 3
5 B 9 59 . UAS-MIDtr-Q78/Sir2™>®; Nrv2-GAL4/
UAS-Atg7® L [ € 4T fig J) 48 UAS-MIDtr-Q78/
Sir2™50; Nrv2-GAL4/+ i N % T 24%(K 3).
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Fig. 3 RNAi knockdown of Atg7 suppressed Sir2
improving climbing ability of SCA3 Drosophila model
Climbing ability of flies expressing MJDtr-Q78 is 54% compared with
the control flies (flies expressing MIDtr-Q27, Genotype of them is
Nrv2-GAL4/UAS-MIJDtr-Q27), and climbing ability of flies expressing
MIDtr-Q78 in the presence of Sir2 increase 28%, however, climbing
ability of flies coexpressing MJDtr-Q78 and Sir2 in the background of
Atg7 knockdown decrease 24% . Each line includes 100 flies. [1:
UAS-MIJDtr-Q27/Nrv2-GAL4; [@: UAS-MJDtr-Q78/+; Nrv2-GAL4/+;
W : Sir2®=%/UAS-MIDtr-Q78; Nrv2-GAL4/+; @: Sir2"**/UAS-MJDtr-
Q78; UAS-Atg7 ™¥/Nrv2-GALA4.
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2.2.3 Sir2 IRIEEE NGE T Nrv-2-GAL4/UAS &
2t SCA3/MID % 3 R R ¥ © AT Ae . iR 98
DAMS SLMEE 7 I R G0 R 45 R B, Nrv2-
GAL4/UAS Z 4t SCA3/MID #% K& K] B i (1) K AT g
IR IE X B R BRIT 73%, 17 Sir2 iR IE 1)
Nrv2-GAL4/UAS Z 4t SCA3/MID 3 [ JL i ) e
AT RE 7 I35 2] 1 56 R Y 95%, BT TR 4
T 22%(E 4).

224 AW E, Sir2 i %k X Nrv2-GAL4/
UAS # 4t SCA3/MID #% 3 R i 1) % AT g 1 10k
SEER TS . Atg7 RIE TG, R ATRLT
B 4 1 6 IR ) 40%, BT FIET R % T 55%
(Kl 4).
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Fig. 4 RNAIi knockdown of A7g7 suppressed Sir2
improving flight ability of SCA3 Drosophila model
Flight ability of flies expressing MJDtr-Q78 is 73% compared with the
control flies (flies expressing MJDtr-Q27, Genotype of them is Nrv2-
GAL4/UAS-MJDtr-Q27), and flight ability of flies expressing MJDtr-
Q78 in the presence of Sir2 increase by 95%, however, flight ability of
flies coexpressing MJDtr-Q78 and Sir2 in the background of Asg7
knockdown decrease to 40% . Each line includes 100 flies. [1:

UAS-MJIDtr-Q27/Nrv2-GAL4; O: UAS-MIDtr-Q78/+; Nrv2-GAL4/+;
W Sir2®=%/UAS-MJDtr-Q78; Nrv2-GAL4/ + ; B: Sir2">*/UAS-
MIDtr-Q78; UAS-Atg7™/Nrv2- GAL4.

2.2.5 Nrv2-GAL4/UAS %4t SCA3/MID 5L H 1
W Sir2 & Atg7 mRNA KA KPR 4R, 5
GMR-GAL4/UAS % 4 SCA3/MID % 3t [5] 5 i 24
L, UAS-MIDtr-Q78/Sir2>%; Nrv2-GAL4/+ i Al
UAS-MJDtr-Q78/Sir252%;  Nrv2-GAL4/UAS-Atg7™
R Sir2 X EWIGIN T 5.2 /%, 1M Arg7 B
RNA TG, BLUEH Atg7 mRNA & B %, 4
i RNA FHERT 10% 4545 (K 5).

Prog. Biochem. Biophys. 2012; 39 (3)
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Fig. 5 Difference in the level of expression of Sir2 and
Atg7 genes among fly lines with Nrv2-GAL4/UAS

RNA was extracted for reverse transcription. Semi-quantitative PCR was
performed to determine the inducible mRNA expression levels of
Sir2 (a) and Atg7 (b) genes with rp49 as control. (a) from 2 to 4, 1, 5.2,
5.2-fold increase for Sir2 mRNA level compared to the control (/)
respectively; (b)from 2 to 4, 1, 0.1, 1-fold decrease for Azg7 mRNA level
compared to the control (7) respectively. I: Flies expressing MJDtr-Q27
with Nrv2-GAL4. Genotype of fliesNrv2-GAL4/UAS-MIDtr-Q27; 2:
Flies expressing MJDtr-Q78 with Nrv2-GAL4. Genotype of flies
UAS-MJDtr-Q78/ +; Nrv2-GAL4/ +; 3: Flies co- expressing expanded
polyglutamine protein and Sir2 in the background of Atg7 knockdown.
Genotype of flies is UAS-MJIDtr-Q78/Sir2">"; Nrv2-GAL4/UAS-Atg7™%;
4: Flies co-expressing expanded polyglutamine protein and Sir2 gene.
Genotype of flies is UAS-MJDtr-Q78/Sir2¥%%; Nrv2-GAL4/+.

3 it it

SCA3/MID ¥ A& H BT AR 9 T 22 ZE43 24 ik
Jté (polyglutamine, PolyQ) ¥ 5 H f5¢ WL I — Fh %
A, RECHMESBUREER MIDI %ith1X 3% CAG
“HRETRESFY REY I, R HSMEED
ataxin-3 R 1) 2 FE A S BEIE PolyQ KEE % 9
&, BRI o TR RS R A e gl o wg vk, E$
PR RN BT SO RESEAL, R T AR
P BETE, (HILHE DI R IEALE H 5l ANG 2,
W ICATFTAT G Tk, Sir2 JE MMt NAD* (121
A X CBGEE Sirtuins ZKEN— 01, HAYLEN/
8 A2 WAL BTG PE, 2R B H BRI (caloric
CRYMEK AW A3 (M) G B 1P, fEdt

restriction,
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MMPHT S BB LA A0 i sk . e ARG AR
Jrmt BAAEEAEH . N B Sir2 X} SCA3/MID
e HA Ay ER, AT GMR-GAL4/
UAS F%¢ SCA3/MID % 3 PR 5L i A5 0 5 Jk =z i 2
T RIA Sir2, SRR, AE Sir2 i Lk B E
B, RESIR AR R A, SR TR
AR EE R A Y, FRAASTE 48, [RIFE, fERitis
I, Sir2 i Fik W 2 2 0 Nrv-2-GAL4/UAS
F Y SCA3/MID % JE D5 B e 1Y ICAT B8 ) A1 K AT fig
77, $&7r Sir2 ik w] BLA ] SCA3/MID % ik K]
Rhgppeort, e RMIEsne ), Sir2 Rk
X SCA3/MID KL DR g HAT ph 2 R4 1R

£ PolyQ i, Sy Relr] PolyQ tH K /E
Wi S, JEmm PR, mAA A R,
R RS R AE AR R 25, R, X Se 4 i py
HRAT &M PolyQ H I WAT UG BR AT T 4E R .40
JIE M AEBEChRE S, ITAEK, AN - WA
1 % (autophagy-lysosome pathway, ALP)# 1A 4 & Bk
12 2 - B 7K A I 4% (ubiquitin-proteasome system,
UPS) 441 i 4 55 — A 3 B 8z (0T % i ol i ),
ALP Bk 5K 7] A7 3 B i 55 11 1) PolyQ 5 1 M 2R
%), 4F HD 4§ polyQ J7 5 ¥ 995 BEAE ML - B A
EEAEH, W5 RY: Sir2 125 [N
B, IFES ALP, FEAR D BES2 40K 8 1 BT, 1 4E
Kedti oAz avtn. FEARWEF T, BATENR T LE AR AA
JE G #8 ol B 0 A A DGR A AtgT, R
W Arg7 WiiibR 5, Sir2 X GMR-GAL4/UAS & 4t
SCA3/MID %% Hk [K FL s pob 28 20 P (R4 A A S 250
59, %F Nrv-2-GAL4/UAS % 4t SCA3/MID %% %t
FE I ICAT e A RAT RE D I A AR B B R
B, $57R [F Wl % 76 Sir2 %F SCA3/MID # 3 i 5
AR PR 22 LR B 1 FH WL A S22 D) R

B2, fEARBHU, AR T Sir2 Rk

Xf SCA3/MID #e 56 R g HA sh & Ry EH, 1M
Sir2 [IX PR 2 R 1 I 75 B 1F ik ) g, 2R
1M 9% T Sir2 $H] SCA3/MID % I [i] g foft 28 4% rf:
(I IR A 75 23— 2P

Z % x M
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The Neuro-protective Role of Sir2 in The Process of Neuro-degeneration of
The SCA3/MJD Model Flies is Dependent on Autophagy Function®

ZENG Ai-Yuan"", ZHU Jing-Lei"™, HONG Kang-Kang", ZHANG Zhuo-Hua?, DUAN Ran-Hui?, SUN Li",
LIU Cheng-Wei", WEI Xiao-Li", WEI Li-Li", CHEN Mei-Ling", LIN Xiao-Hui", CHEN Wei", LI Qing-Hua"™"
(" Department of Neurology, Affiliated Hospital of Guilin Medical University, Guilin 541001, China;

9 National Laboratory of Medical Genetics of China, Central South University, Changsha 410008, China)

Abstract To confer the influence of Sir2 on pathogenesis of SCA3/MJD. GMR-GAL4 and Nrv2-GAL4 system
SCA3/MID transgenic Drosophila models were constructed by using the promoter GMR-GAL4 and Nrv2-GAL4
which drive target selective gene expression in cells of the developing eyes and motor neurons, respectively. Then,
Sir2 protein was overexpressed in SCA3/MJD transgenic Drosophila models by genetic methods with or without in
a background of RNAi knockdown of Aig7. Overexpression of endogenous Drosophila Sir2 not only notably
suppresses the neurotoxicity of MJDtr-Q78 protein, but also significantly improves the movement ability of flies.
Moreover, RNAi knockdown of A g7 significantly Sir2's protection against SCA3/MJD Drosophila. We confirmed
that overexpression of Sir2 could protect SCA3/MJD Drosophila models, and the protection role of Sir2 on
SCA3/MID Drosophila models is autophagy- dependent.
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