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¥R e B 4 A g (spinocerebellar ataxias ; SCAs) # - &t
FA DA B QT A o PR e 20 25 FRATAIAE

L) i 2 B opakd I (van de Warrenburg ef al., 2005) - H ¢ i+

Jui

WEFR R AR RERAARES - A5 A 523 F
A F A2 5 - Ao ipl A4 & A M5l DNA A AL 2
F - &7 LK NCAG = PR TR o 5L DNA A 73 o
0 0 A4 - KD ¥ M S AR ek 39 (polyglutamine ;
PolyQ) * iEAR7] § FRMPER B S o r ¢ 3 AR P 6 T
=% 45 (Dentatorubral-Pallidouysian atrophy ; DRPLA ) (Koide et al.,
1994 )~ % ;= % #& k%J ( Huntington’s Disease ; HD )( Andrew et al., 1993;
Duyao et al., 1993; Snell et al., 1993 )% £ #ghe% ‘{ﬁ-}i( spinal and bulbar
muscular atrophy ; SBMA ) (La Spada et al., 1991 ) = #* *F » 2 H R #
LA - e gRl - RS SR A I IR N U
S Al AR L HPEH A S RNA (b % b o 2R 7 o 5 RNA
F A A ERA T A 4 (Ranum and Day, 2002 ; Jasinska and
Krzyzosiak, 2004 ; Broude and Cantor, 2003 ) ° iz# 354 3§ fids ek

-0 )}‘?ﬁ’“%d G hmre B 7 & 4 (van de Warrenburg,



2005) o & FHE 05 AR RAL o BB A DR b RO
TR enRpER e A g e el amiEY 7 CAGZPHRE
R EDNA B AL Bl A A 2o 4 A2 Ak ch o AR BE SO A R

B % ka4 d 48+ (Paulson et al., 2000 ; van de Warrenburg et al.,

2005) -
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EA BRI A NG SCAL 23672 17« pat 477
¢ 0 CAG hE4F B 7 § il il s 5 AR 2 1 F b3

PRrEgE I BIG T XD e FEP P A4 RARE F
Rme = o i FERBIRHRPIPERwE = il md

Fo02 LA FE B A A B AT R A R m
chi R4 e A QB A BER DRFIBF] - BAPR 0 dF
ohxee mZtEER 2 EEE A G A RS Y R S LY DT ER
FECRIE S o A QAR A L g RS e A
2 @%r 3 £41% SCA3 2 5 HC3 s $5 &t & SK-N-SH 2 SK-N-
SH-MID78 (£ % > & 78 B 4 <€ 4f B 7| chataxin-3 v ) % p&
BR o 54 2E L% 39 HSK-N-SH # (BH £ § g chsg g 1 o
Tt A F & EY GSH/GSSG v blere > 5% wfhfef 2 & % %
v hwmre ik By VRS R AR AD ¥ ek o gt b SK-N-
SH-MJD78 ¥ COS-7-MJD78-GFP ‘m#s tk . it ¥ 35 % © » fffr ~ $ok

o kB R BF AT ok (RS R0 BT T 0 Bk v B R iR 20



BO AL AR R E T o0 N £ T F RS

S8 DNA 7 5 £ PI4p T > F]ot jsk 4048 DNA 4f W #cenS S 3 m -

1_‘3?.%% % ataxin-3 7% #P X #ic SK-N-SH-MJD g &K % e~ eh%
LT o xEe PR E S APHRG  RF ataxin-3 F-9 ¥ a ¢ B G
L g 1 4 T 2 e 2 2 2= 2 2 -

*F LR R ﬁiéj% et EA R m”?#}é'ﬁ’imﬁxﬁ;oz'—’?

H,O,» 12 % 7 ‘f_‘ 48 DNA I3 &R E %i’(i‘. R 7t apak % o
Fleb > NG ¥ VR4 g endeie B F 5 i SCA3 :)Z‘kff}a’a‘fém’?é@)x

TR = AT o R R hk g o



Abstract

Spinocerebellar ataxias (SCAs) are autosomal dominantly
inherited disorders. Six kinds of spinocerebellar ataxias are caused by
CAG trinucleotide repeat expansion in the coding region of the respective
genes, including SCAI1, 2, 3,6, 7and 17. In all cases, the CAG repeats
are transcribed and translated into polyglutamine tracts. The nature of
the toxic insult of the mutant proteins will cause aggregation in the
nucleus and cytoplasma and eventually lead to cell apoptosis. A poly(Q)
mutation and its biological consequences in each disease are unclear. It
is known that oxidative stress, induced by reactive oxygen species (ROS)
or free radicals, plays an important role in pathogenesis of
neurodegenerative disorders. Nonenzymatic and enzymatic components
in the antioxidative system play critical role(s) to against oxidative
stresses in the mammalian central neurous system. Our previous study
showed that human neuroblastoma SK-N-SH cells stably transfected
full-length SCA3 with 78 CAG repeats was more sensitive to t-butyl
hydroperoxide (tBH). Evidenced by alterations in GSH/GSSG ratios,
my results demonstrated that the mutant SCA3 cells showed greater
oxidative stress than the parent cells. In addition, both
SK-N-SH-MJD78 and COS-7-MJD78 -GFP cell lines have the lower
levels of catalase, glutathione reductase and superoxide dismutase when
compared to the wild-type cell lines under the normal growth condition.
Furthermore, the expression of glutathione reductase decreased in
COS-7-MJD78-GFP mutant cells compared to that of
COS-7-MJD26-GFP normal cells. It is known that when cells are under
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oxidative stress, the mitochondrial DNA is prone to damage. Our results
further demonstrated that mitochondrial DNA copy number of mutant
cells is reduced when compared to that of the parent cells. Our results
indicated that mutant ataxin-3 might influence the activity of enzymatic
components to remove O, and H,O, efficiently, and promote
mitochondrial DNA mutation or deletion, which leads to dysfunction of
mitochondria. Therefore, we suggested that the cell damage caused by
greater oxidative stress in SCA3 mutant cells plays an important role, at

least in part, in the cell apoptotic pathway.



)

PR i@ d 4 A g % = 3] ( Spinocerebellar ataxia type 3; SCA3)
* # % Machdo-Joseph % :);%(MJD)’ B19T2 B H F T A8 B
B MJD AF A8 1444 ¢ RE B (14q24.3-q32 )( Takiyama ef
al., 1993 ) & ¥R "B LA AR RIED? B F LAl o & F A e
MJD A F1 1+ 5 CAG €4 fic s 12 3140 2 F > s 4 cnE 47 R & 50
] 84 z_ & (Paulson et al., 2000 ; van Alfen et al., 2001 ) - i+ ¥ ataxin-3
v P RFREG A (1) ataxin-3 7 F L E T R
(ubiqitin interaction motif) > ¥ &L 5% L 4% & > Flm L 3 Lg%k
L £ #-v (polyubiquitin binding protein ) = it (Burnett et al., 2003 ;
Donaldson et al., 2003 ; Chai et al.,2004) ; (2) ataxin-3 £ 7 iZjc% 'k
fEpF sy 4 o 184 Fov 32 1 3-9 248 (proteasome ) iT * (Burnett ef al.,
2003 ; Doss-Pepe et al., 2003 ; Scheel et al., 2003 ) i& 3 %= = & >
Fataxin-3 + B - B E R IEH 0 fRfRpi by o 2 1§ p
0 PR EHEREE PN A4 ¢ &4 (nuclear inclusion body )
(Paulson et al., 2000 ) iz F § # I F % Fpdi b=l 3o #HH kv
¢ 5 d caspase ¥ HL gk -0 ER R HfEr L5 2t i

PR o PR TiEEe ¢ g AP ¢ b (Kaytor and



Warren, 1999 ; Ferrigno and Silver, 2000 ) - F # # § %77 > § ffs =epi
o T SR FT AL T FE e @A X T S R R Y o
F T oM KL F Hande ¢ B34 4 (Arrasate et al., 2004 ) -
gkt Fow BaEa P A4 AT B EOAM o - SRR @
B R Fed boeh S RSSRAL Bd BB B R i) 38 R
TR i Bev B Ed 2 Behd 3 (EF ~ Fev Sy @ K

W e &g & 4 (Paulson ef al., 2000 ) o “f P & ke ittt A
LA B B SR 0 5 ¥ 4+ (Reactive oxygen species ; ROS)
S e AL RIT] o FE AT AL ¥ wie e AT (T L BT
s F Aoy R N PR AR BV < £ 4 4 (Singhet
al.,2004) - FF A F @R AL A A F RN F RS 0 F S e
H ~ B DNA~ 0 B2 adfd > Rl mie = > ¥ 4
WL F S A MR R T ( Cerutti, 1985 ; Halliwell et al., 1992 ;

Cerutti, 1994 )

KW AR 3 Bt 0§ COS-7 ~ HeLa ~ SK-N-SH % ‘m
ity 7  Fp g5 eph 3-v o Htt (Huntingtin) R % 39 p% > ¢

fFErF Hit o chime k> BB L 5 enEF A3 2 pd A
( Wyttenbach et al., 2002 ) o e ¥ 30> spt dmbz 23 7 & F $H3 5

i g5 vepe e Het 3-9 p% > £ 3 M@ R i 0% 4 *x (Glutathione ;



GSH ) (Wyttenbach et al., 2002) o izf8 13 &> p o FRE2F %Y Pz
AR o dp iy 2 E T L ¥ R AR RRcn Ht 3 R g
B EF A AR BRAIB A IS (LA F T Bk
(GS-SG;GSSG )’ & fmPz p 5 it B 4 3 v (Wyttenbach et al., 2002 )
B A ot A R S F PR S BN HERZE e A
(cytokines ) e%k 35 ™ ¥ > Hsp27 € e did 84 Hfiimz B =
H 4o A 3w ve ez % (Garrido et al., 1997 5 Huot et al., 1996 ; Landry et
al., 1989 ; Lavoie et al., 1995 ; Lewis et al., 1999 ; Wagstaff et al., 1999 ) -
W TR 0 F e R E A ¥ PR P RRdRpianhtt 39 pF o
‘havie A 4o e Hsp27 Fv VG oskard|iEF A F o A ¢ B
WA %% F0 st (Wyttenbach er al., 2002) -
11?%’ ? 14 & & (Neutrophil activation) ~ % ¥ (hyperoxia) -~ ¢t &

o3 eng R R F R (redox-active xenobiotics ) ~ T &40 e g
(radiation exposure ) 2 % #% g n (ischemia) ® T 5 - € {lj— @ ¢
EF AT AL BER AT BRI e P B2 B
$= % (Harris, 1992 ) o F]* sm¥e p 3 %%E} FLi v L AL¥ PR A E A
+ o Fig i A L 2LEE % 2 f¥ % 9 ~ 47 (Raha and Robinson, 2000 ;
k- o b F = B 3 Mis & C(ascorbate; ascorbic acid ; Victamin

C)~® & E(oa—Tocopherol ; Victamin E)~ -#* & § % (carotenoids ;
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p-carotene ) % 3 %4 *Xx (Glutathione ; GSH) = #& (Harris, 1992) -
B C o FrEEHRFE LIE* s S ER il i2(7
AW IR 2 Bpt B R P IEH NI gy %’T’,,LL}_ R AR =
W AR B E A 3 35 45 6 4 4f 2(Block e al., 1992 Halliwell,
1994 ; Jacob, 1995 ; Singh er al., 2004) « - *F » 254 P P| A& f# ** fm
Pz s T d lmigp (TE R o MEEZ AL 7R INES LA fE

( Glutathine peroxidase ; GPx ) ~ k%4 X3 i fi= ( Glutathione
reductase ; GR) ~ j§f* (3% * & s ; Catalase ; CAT ) ~ 24 *x-fi
-#& 4% fi= ( glutathione-S-transferase ; GST ) % 4z ¥ 4~ L i* fis ( Superoxide
dismutase ; SOD ) (Cekig et al., 1999 ) -

#% 4 "X (Glutathione) & - fid 4 e 4 pa-L # 5 ik

( Glutamate-Cysteine-Glycine ) + F £ = £ifig#f (Thiol ) = *%
(tripeptide) » ¥ # B R L 2 3 LA &> 1 & Lwie p g
A FrulE_P A £k Aa¥ting 1Y A& st (Agarwal and Shukla,
1999) o 3Rk H *xv B H¥HFE s A F 2 pd ey T o BRE
A PV %%é e P epife Rory A+ pd ATEH > Ty
= § b Ay ek 4 X (GS-SG > GSSG ) - ¥ GSH/GSSG - &) F 2 B »
Foor oA PR R g R T UG snenf ol HE N deori s =

(A) (Keelanetal., 2001 ) -
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:+ *Rif ¥ i & fi* (Glutathione peroxidase > GPx) 4 - faw R
WS4 - F1HE p¥ & 5 1 5 250 selenocysteine (Sec) b v gx FLiF
selenoenzyme ( Cotgreave et al., 1992) o $i%cH *xig % i* g firs 7 & U
Se k#FH AW > A pme? > H9FnSekR7™F 2 I o 4o b
~ B4k L Se hEFY » FILE A B f Y KB C § pFauE

(Hafeman ef al., 1974 ) $. %+ *RiE ¥ 1* & [+ ¥ $5B5 ok 4 PRI e
HE VLA F sk PRE T o me R P
R A pE T P-iE A “ffi it4 o HEF R 4otsr- (B) (Lawrance and
Burk, 1976 ) -

#wk 4 *XiR J fF ( Glutathione reductase » GR) R {%ﬁ NADPH #-
F by PR R R R Ak ko R TR R %k PRep
kR HF BN dcrték- (C) (Carlberg and Mannervik, 1981 ) o

fip* (Catalase) & 3 ™™ & f&x 5 ¢ it (catalytic activity ) %
W F Y5 (peroxidic activity ) o A fBit (% 3 5 » ¥ g F (- & B

Ak EF A3 (F RS erss (D)) o fpFe - H#s o
FEFREFF TR o s S 40T fRE O ERE 0 R s Aot

(E) (Aebi, 1947 ) -
$howkH PR-ri-& 45 fF (glutathione-S-transferase ; GST) #_— f& 7

Bk IR FAE > § wmre p X wme ¢t 3 (xenobiotics) 5t
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S At EE dnre N chr i A 5 S GST ¢ I 2R sk Y PR SRR
Afried 3 56 Bk R LIRS o GST hk-v F 571
FALABRS 0 - LEMYIRBAMNY  F o ROk R

F2L& e Czx (Dirretal, 1994 5 Wilce et al., 1995 ; Armstrong, 1997 ) -
GST £ CDNB (2, 4-Dinitrochlorobenzene ) ¥ J& ;% 4o¥itdk= (F) -

42§ ¥ it f' (superoxide dismutase ~ SOD ) & - f&4 v ¥ &
Pk VERRLF AL A (OY) 23 EF A2 5 AT o F H
B it FE¥ & 5 Cu/Zn-SOD (SODI1 )~Mn-SOD (SOD2 )fr Extracellular
SOD (SOD3)-° (1) Cu/Zn-SOD 75 &>t fmfe Fp pRE4 A A d A b
4 5 (2)Mn-SOD B 5 a3t i 2 £ %P 420t p d A3 (3)
Extracellular SOD # p5 84 fm¥e b g o figdk - L4 SOD x4 # 1

SIS UL S R R S LR
F 3 Aotek = (G) (Giuliano et al., 2003 ) ©

2 A TR B RPN DR AN SRR A 2 R s
F B ERAZEF AT EEE A RY T2 DNAGG T > ¥
ErRE A AFEFE L REE AL FHROF N LR R DNA
® 4% 3. (Nohl et al., 1998 ; Lass and Sohal, 1999 ; Barja and Herrero,
2000) ¢ A &t P 9 F I - F SRl o F RRARY T 2

I 10 B4 %8 DNA 47 %l #ic (Calabrese ef al., 2005) o gt #b > = 2 %8
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DNA # B s chfs  DNA % % 24 2% > 1 & 7] 5 244 DNA 4 2

ﬂ

— R Rew PR (4ol Fv ) 3 B 2Tar B4R % 5t (Richter and

Shweizer, 1997 ) o F]pt » & ¥k 5188 DNA foi% b DNA - 4222 > 3 7%
FA3 A A d AukB Y o R DNA h% 83 A L P DNA th
10 & 14+ (Calabrese et al.,2005) - B m & 5 42iF 20 fA- 45 DNA

AN G AN KL DA e B dh g H a4 Y Ak

—

5 A & ik AUl DNA 42 24 (Ozawaeral., 1990) - - 4m 3 >
R AR DNA < 35 T 5> wve ¢ 2 (7540 & DNA
A 2Rd kS DNA 2 A Wind - 35 ik F X ) 5 0
KerBR A4 pF (e {3855 A3 ) Pl ¢ 2 eyt decr ko &

B8 48 DNA % ® (Moraes, 2001 ) o #7134 & £ 3 #5148 DNA
A m[f’?,‘ PRI RARE 2 TR g 3k 548 DNA 45
B #eendy e (Moraes, 2001 ) o F] ¢ > > 448 DNA 48 @ #icd 48+ &
PEme PR PEF HR S DNA X 3§ 2 iz i

ARHRZTE L T HETHEF 7 2 & SCA3/MID-78Q 7 SK-N-
SH-MJD78 % %4 5wtk 18 % 7|33 3 - #| (#-butyl hydroperoxide ;
tBH ) e @ p# > gt F 3 i SK-N-SH fw#2 7 % 7= o &% 7 i
+ 3 MJD78Q % % 7 SK-N-SH ‘m?s +* & § 73 SK-N-SH ‘¥z 1§ % #2+

ehf VB4 (Wenetal,2003) pt ¢k s 24 gm 2 SK-N-SH-MJD78 %

15



COS-7-MJD78-GFP % % ‘m®% tk » 32% . H Hsp27 en& i & » 2218
SK-N-SH % &% 7 > & & % MJD26Q 3+ 1 COS-7-MJD26-GFP »
FetRIL R PR F TR Mot A P enlere ORI Y 0 R R e re R
Hsp27 3% ¥Fiisd » 3+ %2 p o i 4 7% (Weneral., 2003 ; Wen
etal., AFZE ) a7 3 R¥FY hwietr? > SR g EIRR
A g VR PP WA B F D Tl A fF P ehzbpg

222 A% BERSCAw e Al ¥ %7 » H§ ity

5

e

fuoopteh s A ﬁ—flj’& F R4 DNA 7}5@%{%% SK-N-SH ‘m*# ﬁé_

& R % ataxin-3 hfR T o H Hep g o
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b

~ ~ SCA3 % 4]

SK-N-SH £ - 8 s fd owieth (4 o7 RARFRAY

>

e

\4

gk e L% %) SK-N-SH-MID78 P 5 9 % 3 Tﬁfﬁl e11 SCA3
RFH Stk TUEDRETAE TSR SRR L R

ataxin-3 3¢ (Wenetal.,2003) - COS-7 £ - fajE+ T oA A e
# » COS-7-MID26Q-GFP + COS-7-MID78Q-GFP 7l & ¥ % % #- 4 ¢
SCA3 r ¥ &2 x%gawietk (Wenetal, 2% % ) » %7 11L& HFE
% 4% 26 B 5 ket 2 £ 1 ¥ ataxin-3 39 0 % 78 B  fiadl vemt

> £ R % ataxin-3 v o

o o~ e rkendk BBl 2
(1) mresz & % "o p *h 3B "R B
oA EL ¢ ARtk 0 I8 &0 37C ~ 5% CO,
BT OREN2ALBGAN LG AW TR et 2 e Mk Ko (])
e bk H R E BB A e A X SO A% 12mly 0
3000 rmp i T AL 5 A4 EF LR T chlwie o B 18 et i B
4 400) A A g 0 T4 » 400A 5 10% PCA (Perchloric Acid ) » i

PCAeRER 5 5% #% 30 & 455 » >3 /8T 1L SOOOYPmT#FL‘“

17



10 & 48 0 & % B~ 4000 0} 5%’-;‘,"; 4e ~ 400 TAA (Todoacetic Acid > 41.6
mg /2001 F Fr@#Epe > 730 10 2480 @+ & ) ]ww4e » KHCO;
dfepalt (i E/REE9.0) B A4 N ACTHE KIS A
& o 4v » 440) 57 3% FDNB (2,4- dinitrofluoro-benzene » 4 100%
R 3%)ReE3 > WACTIRR RE B2 F A5 iRR
PIE &k Rte et » 12 13000 rppm & 30 & 48 » Bodi b ik > B &
S0 Ckfa® Tz o(2) e p ok PRenc i 1 3 "T %% > 11 1X PBS
s FE 3 A BFER S KT F2E o 4v » 5000 e175% PCA - # %
30 248 fs 0 B R T e g P 3 T 2 8000 rppm T A 10
A o BB 18 b i A B B0 4000 et i 4e ~ dOMTAA o o]
der KHCO; & 24272 {8 » Y4 C T o F i 15 2 48 e ~ 440) &0
3% FDNB R £353 » 324 CT F Blete e 2 A5 FHi&Bl > PIE & F
Rl 72 t8 14 13000 rpm &< 30 4 48 > B R 0 B O~ -80C k44

¥ %73 (Reedetal., 1980) -

(2) %9 ERPBl %
#3415 5% PCA 4 enim®s 21 > 12 1ml IN 57 NaOH ** 4°C 7k 4
? # ¥ [ & > @12 Protein-assay kit (BioRad) # % 39 JE A& » 75 &

o PR 47 {5 R
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(3) HPLC 45 (#4457 29 451 AR R F BRI F 12042 45)
3 b 500 #5kH Pxig 8 T HPLC i st? 2450 B 5% BB 7K
T A HPLC ke A 4797 @ 3 ehe 3-8 kA > 51412 nmole
/mg protein % 5+ eHPLC % %u:L-7100 intelligent pump > L-7400 UV-VIS
detector ( Hitachi Ltd., Tokyo, Japan ) ; Mobile phase: A: 80% methanol >
B: 80% methanol + 20% stock solvent B (272 g CH;COONa » 621 ml
CH;COOH - 189 ml d,H,0 ) ; Detector wavelength: 365 nm ; Sensitivity:
2.0 AUFS » HPLC column: #132-2043 Aminopropyl SumSn C1075

(CUSTOM LC, INC, America ) °

I~ R pl 2L § N\ -\ .
%}»p’lﬁ‘ﬂ N —P—f 2 ;(\“5,1\_".1- .

GSH(GSSG)k B (mM) =
[sample area]/[GSH(GSSG) standard area] x 1.25 x 8

GSH(GSSG):k & (nmole/mg protein) =
[GSH(GSSG)k B (mM) ]/[50Ax protein (ug/A)
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= FE CERAT
(1) wmeeptaisi

B9-cm A x ¢ o S ufE xR w3 37C ~ 5% CO R
BTHRAE2XBGNAK BT e IXPBS W L Fiks =
{8 4e x Iml e IX PBS» 2 #3445 #-fm e 4| T (HF A € * trypsin
Yo ) o 3R R 2000 rpm g iE e 10 A 48 0 2 4 ‘};ai?x’i’ s 4o x
1080A =720 mM PPB ( Potassium Phosphate buffer » pH7.0 ) » % % 4 »
120 #7200 mM BHT ( butylatedhydroxytoluene ; 4 100%iFpE # % ) »
WA A-80°C 0 T3 - B AR R o HRIAEE S o B 3-80C
g AR T A1 2 4C T 11 12500 rpm Ao 30 A 4 B8 b i XA %
= 5 ¢ » &~ WP GPx ~ GR ~ GST ~ CAT ~ SOD » # A % T iz ]
FEZIRA 0 PR EE »-80CHFI T ARBIF AR - £
AL EAFFRR o 39 RRPIZR A LS E0 100 i g >
Protein Assay Solution (Bio-rad) # &_o gt *F > J#* & kK & 3k B
A A2 P s o B sk kB (Hitach » U2001) £+ 4 -k
gk R AR EAEE 1R o L fERER R Y

HE SR T B K RN L P R R RE TGS TR

20



(2) ®HPRiEF 4 feidliipl e
4v ~ 800A F & f67% (Reaction Buffer : 100 mM Potassium
Phosphate buffer ~ 1 mM EDTA ~ 1 mM NaN3 ~ 0.2 mM NADPH -~ 0.25
U/ml GSH reductase ~ 1 mM GSH ; pH7.0) ** % & ¢ » i 4 » 100\ #
8 ¢ 20 mM Potassium Phosphate buffer & 5 min {$ > 4 » 1001 2.5
mM H,0, 4 kk gtv? 25°C K & 3 min ’ ¥ p] NADPH *% f2:¢ &

( Lawrence and Burk, 1976 ) -

NADPH shgf 5 Bk Rk & % 6.22x 103 Lmol” cm™

38 258 [(Ag-Aig0-Blank)/3]/6220x[TV/(SVxpro.)]
A © absorptivity
B : Blank absorbance
TV and SV : total and sample volume
pro. : protein concentration (mg/ml)

# 5t H = 5 nmole NADPH/min/mg pro.

(3) #FHeeH iR Rpe &R 2

e~ 900N & &% 7% (Reaction Buffer : 100 mM Potassium

Phosphate buffer ~ 1 mM MgCl, ~ 5 mM GSSG ~ 0.1 mM NADPH
NADPH ; pH7.0) *t % & ¢ ¢ » I 4 » 100\ # %8 % 20 mM Potassium
Phosphate buffer >+ 4 sk sk & 2+ ¢ 25°C ¥ J& 5 min > ##] NADPH *# iz

i# & (Bellomoetal., 1987) -
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38 258 [(Ag-Asg-Blank)/5]/6220x[TV/(SVxpro.)]
% 1 ¥ = 5 nmole NADPH/min/mg pro.
(4) oy Pe-ai-EH SR 2
e ~ 880N & &% 7% (Reaction Buffer : 100 mM Potassium
Phosphate buffer ~ 1 mM GSH ; pH7.0) ** % & ¢ ¢ > i 4c » 100\ #&
82 20 mM Potassium Phosphate buffer f& » # {4 » 200 50 mM
CDNB (2, 4-Dinitrochlorobenzene » ;% 3% 100% EtOH ) » »t & 5k 5k g 2+
¥ 11 25°C F J& 5 min- ¥ i#] CDNB-conjugated form 2 = i# /& ( Habig et
al., 1974) -
CDNB 88 5 B kA % 5 9.6 mLmol”' cm”
3E 258 1 [(Asg-Ag-Blank)/51/9.6 X[ TV/(SVxpro.)]
# 7+ ¥ = % nmole CDNB-conjugated-form/min/ mg protein
(5) #F EpFAERT
‘e~ 600A & &4 #7% (Reaction Buffer : 20 mM Potassium
Phosphate buffer ; pH7.0) ** # & ¢ ¢ » I 4c » 1000 & %8 20 mM
Potassium Phosphate buffer » # s 4 » 3504 30 mM H,0, » ** & & & &
3¢ 2 20°C F & 3 min 0 ¥R HyO, "% f2:& B (Aebi, 1947 ) -

38 258 T K/mg pro.=1/180%[LN(Ay/A50)-LN(Blank)]/(pro. xSV)
% 57 ¥ = % K/mg protein sec”
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(6) 42§ ot i poiEfdipl T
Superoxide Dismutase Assay Kit (Cayman, catalog number: 706002)

fie 8 SOD & & ;7

Tube SOD stock buffer (1) 1X sample buffer (A) SOD activity (U/ml)

A 0 100 0

B 2 98 0.025
C 4 96 0.050
D 8 92 0.100
E 12 88 0.150
F 16 84 0.200
G 20 80 0.250

200X Radical detector Buffer 4 » 10\ #& %4 =% §_iB %] e SOD & %
i ts o £ 4v » 20A <9 Xanthine oxidase ¥ % /% > /] R 3 {8 AR T
S A% RF B 2Srpm T ik 20 A4 o ¥ 1% ELISA

> 450nm % 25°C T # B o

Bl

LRy (linearized rate)= ABS,/ABS,
Ex: LR,=ABS/ABS =1

SOD (U/ml)=x = (y-b)/a x (0.23/0.01)
0.23 4p 2 ¥HE A 5 0.01 4 1 WAL
# {8 11 SOD/protein (U/mg) % -t
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T F S BEEE A P B R
R B % T a9 COS-7-MJD26-GFP 3 COS-7-MIJD78-GFP ‘m*z

o I R e T (S 0 BT mfe JfET B G0 o B 1Y
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Z o d ** PCR master mix reagent * > Syber Green I % £ 4+ & € 4& » 1|
7% DNA > 5% 3 5 F J& (elongation ) e384 {7 > &2 p & 2L %] DNA
BB R E AT R Y R E R AR > B (S Y
NDI1 # %] % S-globin # 13 £ 2. Ct E(ACt)> ¥ 5 ) mie 2k R
£ DNA 2 147 @l dic o ot b 12 & &7 S 4w % $h K562 DNA (% 5 P #24]
i (internal control ) o = & F & pvi4f ¥ & ¥ » * 11 % Bk 448 NDI
+ a3l 3 & w4 (1)mtF : caacatacccatggecaacct % (2 ))mtR @ gggctacta
caaccctteget ° F] & 2 Fr T T DNA = > 4 55048 DNA » &2
S-globin % B~z DNA » @ %2 DNA 513 &~ %] 5 (1) S-globinF :

gaagagccaaggacaggtac © % (2) f-globinR : ggtgaacgtggatgaagttg -

—_\\
G

@J.‘ ( o) [(ND1 Ct)-( B-globin Ct) + 1] )

™ log % 7 2 o
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33



mE bR R xRy VAR R UREZ G ML T
G oo Pk HERIEF LA et IR ALY - AR E eie o i

cf% % > ¥ _SK-N-SH-MJD % #-7] ¢ % > 4 SK-N-SH % £ %

ey

% ataxin-3 P fIfF A PRGN e B F T > R E 2
#% “’fﬁ% itz > pt 2% 7 & COS-7- MID78-GFP £ COS-7-
MID26-GFP fm®e the BLzs] (B4 )o ' 0 B R i 3 e~ Bskdy
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PuitpEREEy L] AT R SEY L oL RS
Tl p o Ao o K _SK-N-SH-MID ‘m® i3] # % 3 > § SK-N-SH
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