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TXRE
FAE BRIk (redox status)Biaf & RiBF 8 A 48H » &
Hmp g g - SIA R - 411t 44 (sodium orthovanadate ;
Na;VO,) & — B8R G348 KM (protein tyrosine phosphatase)dy
B RABERAEAREF - BT TA L EME 5 F(reactive
oxygen species; ROS) » B st 5 K #2453 4 1L4m 3% % PC12 4w
 RRaiti@8 Y  ROSHRipRG B AR BITRS -

#8150 M NayVO, RE PCI2 #mfp 8 AT R A 4
(neurite outgrowth) & #¥ 42 4m A8 4-1b 45 # & & neurofilament-L
NFL# AR - AR R CHETRENAE  BRER
N-acetylcysteine (NAC) ~ pyrrolidine dithiocarbamate ( PDTC )
& catalase (CAT) T#p#] Na;VO, #% & PCI2 a1t » 19
T ROS £ 82 THM - CAT ZERMA LB 2RTH
W% mRE 4 REWRAL - EX 10 X4 @ E R (basal
level) s A T AHMRARA B0, 2 B4t - AR AR I REA
2,7 dichloro-dihydrofluorescein diacetate (DCFH-DA)3 &,
BEE FRAVLSRIE 2 54 B O 24 147484
% » 1 NAC # CAT » T & % # % HO; ;: &K # A
di-hydroethidium (HEO#R Oyt & 4 + kB 5K BB -
7 Na;VO, 3% % PC12 s fe b BE T » HO, THEMHRES
AeE -

%7 W% ROS # & M (ROS-sensitive) MAPK (Mitogen-
activated protein kinase) £ F £ Ao bi@F - FIA EF BARE
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G¥ HEERITON B RET p3SMAPK bR
0-240 442 M 2R TRAEK - B4 240 4 EHERIEH A
6958 %6 s INK Rl 5-15 488 T 4+ 42 15 -4 H 54 %
HyEE - 230 sEEr S EEAHE T1 96 0 24 240 SéEarE
% 14% 754  ERK 445 — 56 F > ik 120 44E05iE 2|
AiE (171 48) 2 240 oskinFiEsliiax (2243 42)5

% ERK )75 tE 4 3% Koo & 0F - p38MAPK R INK #978 M4 %
B Hp#l 0 e RIILR LB BiAbdnit ik MAPK R bR M -

A MEK #p 4] & U0126 A R R E NAC REfmfit > 39T K
Bk Y daibsrrid Al ERK #9781k - RS LB RGBT 40
Ab4n T 4548 o 32 71 A0 M HL0, RS » 334 38 ROS 448 P MAPKs
AR RE SR PCL2 H B oi e il 15
EHa—pRm .



Abstract

The redox status has been shovm. to correlate with various biological
processes including cell proliferation, differentiation and apoptosis.
Sodium orthovanadate (Na;V(O,) is a potent inhibitor of tyrosine
phosphatase and can exert its cellular effects through mimic the function
of growth factors. Tyrosine phosphorylation was demonstrated to be a
pivotal factor of cell differentiation. In this report, Na;VO, was used as a
differentiation promoter and the rat phenochromocytoma cell line (PC12)
was employed to investigate the roles of reactive oxygen species (ROS)
during neuronal cell differentiation. About 80 % relative to NGF-induced
differentiation was éstimated by morphology of neurite outgrowth and
immunoblot of neuron specific neurofilament-L. (NF-L) after treatment
with 15 ¢ M Na3VO, for 8 days. In order to investigate the effects of ROS
during PC 12 cells "différentiation, ~ several anﬁoxidants, such as
N-acetylcysteine (NAC-),' pyrrolidine ditﬁiocarbamate (PDTC), mannitol,
tiron, ascorbic acid or catalase, were incubated with PC12 cells and their
neurite outgrowth was determined. Na;VOy-induced differentiation of
PC12 cells could be suppressed by NAC. PDTC and catalase had only
slightly inhibitory effects. Nevertheless, mannitol, tiron and ascorbic acid
had no effects. Furthermore, the activity of catalase, a major intracellular
hydrogen peroxide scavenging enzyme, was decreased to about half of
control cells on day 4 and recovered to basal level on day 10 in present of

15 1t M Na; VO,.



By flow cytometric analysis with 2', 7'- dichloro-dihydro-fluorescein
diacetate (DCFH-DA), we demonstrated the production of intracellular
H;O, was elevated about 1.47 fold within 2 min in Na;VO,-treated PC12
cells and such phenomena was suppressed by NAC and catalase.

ROS has been suggested as a signaling molecule to regulate the
so-called ROS-sensitive MAPKs, such as extracellular signal-regulated
protein kinase (ERK), c-Jun N-terminal protein kinase (JNK) and
p38MAPK. Therefore, the activities of ROS-sensitive MAPKs were
analyzed by immuno-blot and kinase assay. During Na;VQ,-induced PC12
cells differentiation, the activities of p38MAPK and JNK were dimished
slightly (58 % of control) and dra.maticélly (14 % of control), respectively.
Nevertheless, ERK activity was increased at 120 min time-point (171 folds
of contrbl) prolonged to 240 min time point (22.43 folds of control). After
pre-treatment with MEK inhibitor U0126 and various concentration of
NAC,. the Na;VOs-induced activation of ERK was suppressed, which
suggested that-ERK might be a down-stream molecule of H,0, generated
by Na; VO, treatment. Based on these results, ROS, especially H,O,, might

play a pivotal role during Na;VO,-induced differentiation of PC12 cells.
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XRRIE & 0 18R K 6975 W .5 F(reactive oxygen species;
ROS)fttmfnth £ 2 oh 4k & B 48 » 4o -ib(differentiation) & %
# (proliferation)(Gamaley and Klyubin, 1999 ; Kamata and Hirata,
1999 : Dalton, 1999} 28 RRA TR AF S AREL > &
A7 2B (Lt R & B4 A I (parkinson’s disease) ~ FT & %K
E.-F o B RRAFAE6 LA ALH (sodium orthovanadate ;
Na;VO,) » 2 BNt  BEZHBRAOMR > @R
AE—BHBETETF  EHA O, (Shi, 1991); B H& %
&8 KM (protein tyrosine phosphatase) » 2 # 8 % & K
B  E— S Y ERNZNAGE LA &R
F < PCI2 fafp & B i J8 R 7040 %#@i%&i(neurobiolégy)ﬁ
# 48 1t % (neurochemistry) & Ak AL R TRE
PC12 4= .1t (Rogers etal, 1994) {23 44 % & ek -
SR 7 B IE 3 ROS £ 4716 89(NasVO,) 3% $ PC12 w5163
BYMHEOAL L1~ FAHATRZMLESRE - X
TH#-FNEBAAEZAMEF -

— » FH I F (reactive oxygen species; ROS )

Reactive oxygen species(ROS)iZ LA Futhad A
(free radica) @ ERM A4 > MABRF RO LHEBRCE
(hydrogen peroxide » H;0,) ~ 4, & & 4 (hydroxyl radical » "OH)
R A §, B & % (superoxide anion > ~0,)%(Tab. 1) «



1~ MR 5 FFo i BB ETZ A i
DFEER>TFHER

FO 88 EETRESL BEAL O - AWM EA
T Oy 8 HyO, # 47 Haber-Weiss 5% » H;0, 44 81 = B 4 1%
7 Fenton R - 34 £ B £ A 4 OH- H;0, & &y CAT % GPx
(glutathione peroxidase, GPx)#y 45 B £ B & H,0 - (Fig. 1)
(Gamaley and Klyubin, 1999) - H,0; £ 4 kS # EF > B s
RE BT HHGAS b R -

(2) £.1t 4% % (oxidative injury) :

@R ROSAEAGHEGRRES » Bk A E4) ROS & 485
FARBNGESTFHY ?:u DNA-RNA- g% - EGa % % -
BRmENGEE SHEROS EANLEEE KARLEE
& #.1b /& J1 (oxidative stress) (Mates, 1999 ; reviewed by Allen and
Tresini, 2000) - | | S

8 é%ﬁi%ﬁ%%éﬁ%%" é‘féﬁk*—*r%i}% MES 645
% Bk K o F AR *fE (arteriosclerosis) (Witzum, 1994) + #% & %
(diabetes)~ % s /& (hypertension)~ #  (cancer) (Beckman and Ames,
1997)~ 4% 43 % %% % (Jenner, 1994)~ % % & M (inflammation)(Grish,
1994) ~ & £ %.7% J% /% (auto-immune disease) ~ B§ & X (arthritis) ~ B
A fk(liver cirrhosis) ~ & 73 Be(cataracts)% (Floyd, 1999 ; review by
Allen and Tresini, 2000 ; Ade, 2000) -

EHBELRAT R BAEANERAERERLELAR
(parkinson’s disease) * 1] 3 %k 7% (alzheimer’s disease) - £ t.(aging)
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¥ S ERACR S A A% K 48 M M (reviewed by Allen and Tresini,
2000) -

G LR &
B T %4 ROS 245 % (homeostasis) * ML A LA %E 5
A2 & a3 (Mates, 1999)
A FHALH ot 4 ¥ E (o -tocopherol) ~ 44 % C
(ascorbic acid) - 3 # & #( 8 -carotene) - k&
(uric acid)%¥ % -

BB LB - oA LHkit (superoxide dismutase,
SOD) ~ #at# £® A1k  (glutathione
peroxidase,GPx) ~ @ §iL & (catalase,

CAD A #me# £:2F (glutathione

- reductase, GRx) * |

R TRATANKREHARRCEES  SELESK
By R AL B | (2) N-acetylcysteine (NAC) : & GSH &4 £ 583 »
Thit GSHZ 4465 Blef L% sulfhydryl group & — f& 2t
ROS # & #) (Zandwik, 1995 ; Kamata er al., 1999) ; (b)
pyrrolidine dithiocarbamate (PDTC) : PDTC B &% sulthydryl
group 4% ARZONEBETTRAERT RS r MRAAR
A R ZHFAALER - B&F I8 A NF- £ B (nuclear factor —kappa
Bt B » AerBETFHAAT » TR A AL NF-£B mipd
DNA #4571 (Meyer et ai., 1993) ; (c) mannitol : & B & ¥ H



t OH 4 B4k % Bl 2 — § (d) tion: #& o 4 /645 FA (dismutation)
AHRO;
FERESFERIE LIRS - |
& % X k3 & ROS #i¢ & %0 4%  (reviewed by Allen and
Tresini, 2000) » ER A FRBRBEOAERE » AL TH
HHEBT - BRE ROS THREABHEXR T\ — 4 ¥
%8 > €45 to i 3 4 (proliferation)(Huang er al., 1998) > 44t
(differentiation) (Rogers ef al., 1994)  # % (development) ~ B
# (adhesion)~ & & K 45~ it % (Gamaley and Klyubin,
1999) - 48| ROS $E3 i L4 A o9k $) > T B BILIL
M 4 Pk 0 i & 18 & % F (signaling molecule) & ¥ 4 B 7
(transcription factor) A7 % gk (Mielke et al., 2000)

s FHRR DTN RE S F R

#5HRANEMESFTLE ROS iliE » GHEam
(protein kinase) ~ &% & K & (phosphatase) - Ras & & % #4%&
BF¥ (Tab. 2) REMELEMAMGRSFHROS 0 81
LA HyO, % % % R.(Mukhopadhyay ef al., 2000 ; Mielke, 2000) -
RO AR S EeBAER RO 4 MERY ROS (K
#5448 1X L) (Rohrdanz and Kahl, 1998) - H,O, & # 46 & s 5%
CAERAH BN E S %M 45 Tyr & Ser/Thr kinase
(Mielke, 2000) ; #F B A AT WEE T4 A » 4o activator
protein-1 (AP-1)>NF- 1 B (reviewed by Allen and Tresini, 2000)



EH ARG T HH MAPKs 2 484
(1) MAPKs 3. & 1# 3% :

MAPKs Rimfe T EZMMEREL T HiE$HLER
R - I wERdsgict Aenest

( Holmstrom and Eriksson, 2000) - -85 .S dhtafe & -
MAPKs * £ 7 w9 K #f ° extracellular signal-regulated protein
kinase (ERK) ~ c-Jun N-términal protein kinase (JNK @ X #§ %
stress-activated protein kinase * SAPK) ~ p38MAP kinase ( X4 &
cytokine suppressive anti-inflammatory drug binding protein,
'CSBP)& Big MAP kinase (BMK > X #% & ERKS5) (Nagata et al.,
1998)« £ ¥ 4% & B F #77% 4t ERK-1 & ERK-2 & #a f 38 #(cell
cycle) #47 & tmBa i3 & (cell survival)srst E oY » TR G ELE
SRGEFEREE bR HE - SR AL
FRBRERGBR B L4 % B ATE fb(Grewal
etal., 1999 V: Schaeffer and Weber, 1999.;Holmstrom and Eriksson,
2000) ; @ INK $ p38MAPK g5 RIERINRBRAAM
B s sk ~ X S48 %i% % (inflammatory cytokine) & ] itk
ZHENEE INK £4 =448 | INKI ~ INK2 & INK3 »

| AMSKE T cTun~ Elke1  ATF-2 857 1t » 42 INK 4 a0 5
¥ 601 RA Y H AR — 8955 - pISMAPK Al A 546 1 p38 -
P38 8 ~Mxi2 ~ ERK6 * p38-2 » 7T i — 3 7% 1L #% 4% B -+ MEF2C
" ATF-2~ MNK-1 - % Xgk45 & » ERK ~ INK $1 p38MAPK &
FiERmBERE A MW > Wang er ol 1B & 5483548 (negative
loop) + 45 8 MAPK 2 F{L 3548 » 57/ 4 Mixed lineage
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kinase-3(MLK-3) & mitogen-activated protein kinase kinase
kinases(-3 (MEKKsI-3) > Mg sk & @¥k 4] p38SMAPK # &
R mi&E{L INK & ERK - & % k&35 &  p38MAPK & INK
B EALT ¥ w3% £ » 3t H 3% 4o i 8+ (Nagata, 1998 ; Robinson,
1999) » {2 A B 745 1 INK 7B 168 4w 0 89 7755 A M (Nagata et
al., 1998) » @ p38MAPK R 2.4 i »-1t#H M (Davidson and
Morange, 2000 ) -

(2) ROS %82t MAPKs Z S # 4/ :

4 MAPKs ¥ > ERK ~ INK & p38MAPK &% 4% £ ROS
MR o AR 2l - B MAPKs 895 R — 2 &
60,6 1% %42 (Leppa ef al., 1998 ; Kolkova, 2000) ; £ F
- PC12 #a i H,O, #38¢ © # HBémfl & INK1 & INK2 #4351t >
F& M4t 49 4% 48 4= i Neuro 2 & SHSYSY & B, 2] INK3 #97%
it (Mielke e al., 2000 ) ; #] A b poty ATP § 3% &% PC12 s &,
LIS 3 A FIBESE 548 AP-1 0 ®i%ft NAC BITT 4 xinH
AP-1 %4t (Chen and Sun, 1998 ; #1 F NAC =T 5td#l &5 NGF
HEE ofos AAR AP-1 E 1t jﬁﬂ.#r%ﬂ MAPK #7% 4

(Kamata et al., 1996) ; #| A Lysophosphatidic acid (LPA)#|
Hela émi > 7T |43 MAPK #97%1t » 3 B 3. & T4 NAC 74
#p ) Bv A/ LPA 3% Hela #a 6 43 & & ROS 1 #:4 MAPK
b 3% 1 38 fo(Chen et al., 1995); 544% (Arsenite, As)& 22 PC12 &
B ERK ~ INK & p38MAPK ¢4 %1t - i st £ T # NAC #9
# > RAHTREH AL ROS MiEit MAPKs (Liu e dl,
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1996) ; 545X E#F K T 4o » MAPKs #9;5 4 & % 5| ROS 838
i .
= EAEREGHF
I~ & IR MAEH
AL 1813 £ HMERBER » AENEEHS
0.02 % XEHAENTRIELHREY  £RH T LI E
A (<1 ng /g food) * $ A FHMO0.05-2g/g) - HFHALS
¥ k% (05-08ug/e) FMAF (1.8ug/g) + (Barceloux,
1999) ARXEG R PRI ERBFIBRRET 24
é#ﬁ%%ﬁ&;ﬂaﬁ&Aﬂﬁ%ﬁ%ﬁé%xﬁﬁ;$
SBER > A—HMUSRBONT A LS MeasIELH
4 (Tab.3): B ASEMARREN  HebiLiBERES
Rl AR E & F 8 ¥ R18 (<60 wg/day) - 184 D)8kES)
8% 4 A% A& Vanadyl sulfate (VOSO) R M mHE
(Barceloux, 1999) - $nitéaE & £-3,-1,0,+1 ~ +5 4% » 42
E B8 A+S5 1 s 4L &u(sodium orthovanadate ; NayVO,) -
AR (2 %) +5 /K (98 %) B3 > e+ TH
Blef 74 +4 B +51% -
2~ SALAISG 2 A
bbbz RACHEET (VOS©) #i Bl s
(PO ) > B b THp 85 AR B 25 8 KA  (protein tyrosine
phosphatase): it 7T #% % ATP #-4-fi(bing site): B ¢k 3T #p#H] ATP

K2 (ATPase) > &% BB A aiEk b2 K ¥ v (Huyer et al.,

1



1997 ; Barceloux, 1999) » sbi@f2 & T i+t & & ( Simons, 1979;
Tracey etal, 1986 ) SRALSRFA X S BB AL EhEE 95 » &
# (1) MRl ieR g - 248 HoUs & £ dnsulin) %
& & % & B F(Epidermal growth factor ; EGF) ' 444k &%
# % % (insulin receptor) &% B& L, » if 42 # AT #& 4 A% (glycogen
synthesis) > 3 el Rk B RERF A%  (lipoprotein lipase) & 7& %
(Cortizo and Etcheveyyy, 1995 : Ueki et al, 1997 ; Tojo et al.,
1987) : (2) # ATPase ¥R % @ 41 #p 4|84 phosphatase
enzyme * 4 1 #p ALK Y 8 ¥ Na'-K* ATPase (Swarup et of.,
1982) ~ Ca™-ATPase » 4 Ca™ £ (Nechay et al, 1986) ; #p
# Ca® -ATPase il F B Ldm B0 U 4 (Salvo, 1993): HE B
F H'-ATPase + # 2 % § 8 fE#4 (Swarup ez al., 1982 ; Nechay et
al, 1986 ; Salvo, 1993) ; (3)R BT A A & Flsbes T £ 815
5 e B AL R0 R B F R IR A B % AR 8 2 5] 1 SRS
HoM & B WY A Glucose-6-Phosphate » # ¥ 4 2 9 S48 B
49 3 Bl(Sekaret ef al., 1999) 5 st 2+ 4RAES TR T £ % b BB BT
Ehafip G & G2IME -

SALSNER AR BRI - 2R e B BB E - B8
R 18 Mg (Sekareral, 1996) » EAFEAAR » REARA R
AR - EABS B TEATHINE > Wik
PESHE A EH - BRI A E o R B o
of- 9% 38 35 B (Barceloux, 1999) ; £ 4K % » 0.2 — 1 mg/ml #54R4L
NG ik AT IS T B E AL o (Sekaretal, 1996)
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3 HIENEL B Kby iBE
BARYF > ZH M58 & NADPH oxidase #
flavoenzymes 94k Al $8 % A s0(+4) » #1 B EF & % 15 BIK(ESR)
£ 507 4 Ai(Shi, 1991); 41(+4) 4 GSH- %% 8%( thiols ) % ##(sugars)
HFAT  THE O, AR ASGES) » 34 & O, (Liochev and
Fridovich, 1987): 5 4 » 8. (+4) . & B H,O, 15 F 38 % £ 41(+5)
4 & OH (Shi, 1991 ; Shi and Dalal, 1993) -

A LB T R W BT 4 % R I yeast (Hansenula
polymorpha) + 48 47,8 T B ¥ & yeast» #] B 2D electrophoresis %
3, CAT & SOD #y3% b & M2 % T R 72 4 yeast( Mannazzu et
al., 2000) - 4§ 0.15 mg/V/ml 4o AK F 484 £ & 4% 8%
£ B 7T 8k 44 401k sk i AL lipid peroxidation @ # A 3 i & B - AP
+ CAT A& GPx #)7 M # fu » {2 SOD 74 3 ke % (Russanov

et al, 1994) » SnfoR sk AR Fl SR B i R 1B A KR LR
B S EHRRFRAMTBRIETR  RFRASIBAE
AElmEY&E ARG ER -

Pervanadate + & —{8&4 T vanadate & hydrogen peroxide
WRGY - TA-REFGHRBAR WHA - ARBBGFR
Aém B A i e BB P 330 2GR B (1-10 g M) 8 °T B, MEK-1
&4t » 4L % B & pervanadate (30-100 u M) T i& sk MEK-1 7& 1
T BB A &R A pervanadate T » €4 4] MEK-1
WEL s AR AMBERBEAAABRLERSS BB E
BARALS T A 5 457516 ERK-1; 4 PCI2 s ¥ + 44t
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T4 15 548m5 5 6 ERKI2 3% % 0 BRFBEFHM3
e (Nguyen et al., 1993) - #] B % & macrophages # 3R411b &
BhiELAhABET  FBEI/LLNF-kBAREZ4L TNFa » @
stk A €4k NAC fr#p4] (Chenetal, 1999 ; Ye et al., 1999)
| B B8 B R 44L48 o ) R 2 SV40-transformed 3T3T(CSV3-1)
T B, c-Jun ~ JunB #5754L » 3 B HECR R R ok ay I £
P A M (Wang ef al., 1997) - B4 LT 40 » LAETTE
& ROS i 4 & Blt=f 7 » i #® ROS &1t ROS-sensitive kinase
MAPKs » A4S AEPCR2 B SN LBREY  RETL
# ROS 3t ¥ A—WAHRG T -
4 ~ DUAERI R 1G85 WA

%467 8 F s 58 UMRI06 sA4bén8d > € 2R RBLHE
% %% vanadate( 75-100 ;£ M) 44l 0 34§ 0 UMR106
ﬁ@%i=ﬁmm§mmﬁ(5ﬁﬂM)ﬂ@$ﬁﬁw%&r
b b R G P W AL 8 KM (alkaline phosphatase)# 7
Pl (Cortizo ef al., 1995) - & — % A 538 H + dfbdnsd & & &
eNOS & INOS i & 3% F 4a g 3% & R 4 1b(Cortizo et al., 2000} °
£e ABEE B da i 0 #) B 4Uibsadpd] PTPase 514 $BABE
Bt A ) AL 0 B85 % ERK 756 B 55 2 5k 95 8 AL 38 Ao

(Wuetal, 1997 ; Yoonetal,1999) -
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Z ~PCI12 $m it
1~ PC12 f s 66 4 12

PC12 mpafe 1976 %4k Greene 2 Tischler FAEZ r » A X &

B LBk Z 5454 B0 B 4@ BB (rat adrenal pheochromocytoma
cells) » k41t #9) PC12 e g 48k 48 £ K B F (nerve growth
factor + NGF)4| #c18 > & B 45 # 47 41tk A (differentiation) » M
A ERA B R (neurite) St £ RS BAK - S e
PC12 $mfe » ¥ 4~k B fF 2485 B2 $i(catecholamine) % 48 % %
%ﬁ‘ ' 8,35 % B Bi(dopamine) % iE % _E B # (norepinephrine) - &

W PCI2 tmpg B A LB B iainah 450k - Bk KA IZHE

FA 3¢ 48 % 3 % (neurobiology) S 7% .@Efbaé(néumchemistry) 84 5

% & 4 eir 48 e Jo st Rk A (Kamata et al,, 1996 ; Katoh

et al., 1997 Leppa et al., 1998 ; Morooka and Nishida, 1998 ; Obin

 etal,1999) - |
2 SIS PCI2 2B

LB R T2 PC12 fm b & 4 RAF » 2R A B

A RRFREL AL BRRE PCI2 i sh i 60 1Lt R
REh YTt euiskt (Rogers et al., 1994) ; #| A JB6"

W EHSLMAEL ROS i - HAMLMEEL 0 R

H,0, M AP-1 89438 - [kt & % 5 16(Ding et al,
1999)- 35 # F CHO & COS- 7 fafnibén > 3 R 4 3% iv PKC

S WhEi kit b€ ok HyO, AR5 % PKCO B8 LRE » @

PKC 6 #i 84 € £ i — & % & ERK £4b(Li and Jaiswal,
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1994): 5 — 7 & > Laminin & £ E 6988 % & > #| A £ Laminin
M35 & miz % PCI2 ol > €L ERML K 128 B 0T
fesnbr i HI RABM A K - TREALEd Lamini 7 sy
PCL2 tmiafrft REWREOLHHLERER > &
A BB R i R R —#k (Weeks et al,, 1990) - [ stdn
LA T B Bt BAL A M A PCI2 fmf it A—1&
A F e -
3FREFFTEFRPCIZ Z 54
ERBATRTRBENEAR BT - ¥ ROS A4
(Ginn-Pease and Whisler 1998 Ryter and Tyrrell, 1998)- 4§ PC12
&K & E (Katoh ef al., 1999 R IR E.3E LT (Hohle et al,
1999) EE £ 4 ROS » 3, PCI2 fmMaBi4a 847 54k © Shse
ATP & pg PC12 fm s B ALR /138 ho » % 4L AP-1 * f4t 8 NAC
AR AP-1 89354t C_Chen and Sun, 1998) & NGF 73
# cfos ARR AP-1 %1t > Tk NAC #4] (Kamata ef al,
1996) 5 @ LT R, » ROS % PCI2 tafati S L8R ¥ » THE
RABEEZUER -
27~ BFR XA B H &
AR R E AT R4 A NGF 3% % PCI2 t9
i@ P T & £ H,0, 3 754t ERK i ik i1k - 2
# ROS B PCI2 mie b2 2 H T 5 B bR NasVO,
REXHEHEANBN B d F 4 ROS 4L MAPKs » &7
RS EHGETEIL ) REBE PCL2 tafg or At o B S AE
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ARRAEDETHLRALAR

1+ Na;VO, 2 F Tk % PCI12 tafp b ? M HbeyidE v £
% &£ 4 ROS? Z £47# ROS?

2 ~ROS &% & PC12 ta e H1brhi o6 B2

3~ #£ Na;VO, 3% % PC12 sa o 5 1LiBE ¥ MAPKs 85 R AIFH7®
MAPKs ) &% LR % % 2| ROS frigi%?

4~ Na;VO, % % PCL12 oL BB+ » RALBFTHRARH?

GA i BEREA NaVO, 3% ¥ PCI2 e L@ R

¥ ROS ZLMBHRESASLBETREARS F A
EHE - FERLBRAEFESMLYBEY ROS 2 &4
amAHEHELREMTR .
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KBt -k
I mEXR
1 - $m 32 % w 2 % 3 (coating)
mppie kw4 k0.1 mg/ml Z poly-L-lysine (3 A Sigma
Chemical Co., cat. no. P-6282)47 £k » F3 % B4 UV £ 16
JEEEL BB A 0 oF e Bk £ (Greene and Tischler, 1976) ¢
2~ tmppnk
PC12 iz %M 4% 2 mM L-glutamine ~ 100 U/ml
penicillin G ~ 100 ¢ g/ml streptomycin sulfate ~ 0.25 u g/ml
fingizone (amphotericin B) ~ 1 mM non-essential amino acid ~ 5 % fetal
bovine serum (FBS)#@ 10 % horse serum (HS)#47 DMEM
(Dulbucco’s Modified Eagle Medium)3g #%3& ¥ » E# 5 % CO;, »
90 %ta R A 37 THEBBERT  HAA®H » X PBS
B R 0 A TR B R AT RS
#(passage) °
3~ NasVOs %) PC12 da o 2 51t
Na3VOu4(8% 8 Sigma Chemical Co., cat. no. 5-6508) ZF#* 1x
PBS ¥ » 1A 100°C#yKA 3 5 2484 A M NaOH#EE pHME ZE
10> $@R AL HAL pH i > E2AB% pH %3 10 HR
20 A PHMR  BILERAILKEHEER - LA oAt
B AR EE R A NSAL AN TS ¢ bm e 32 A 0% pH 435 & T7.4-7.6
B o
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NasVOs 35 % PC12 dmfg LXK B4 F - £ EE 10 298
sadkm & #(seeding)#) 1x10° B 4 fE » 48 i@ serum starvation (
1 % FBS, 10 mg/l insulin, 10.062 mg/] progresterone, 16.1 mg/l
putrescine, 0.377 mg/l tri-iodo-thyronine)3% # 24 I8 + oA 15
uM z NasVOs 3% B R 5103k 0 518 24 /) 85 B3 as A
X EHFH A NazvOs -

4 ~ tm B B AR My (cell lysate) = Hic & -
(1)~ 38 -

dipotassium  hydrogen phosphate -~ ethylenedinitrilo-
tetraacetic acid disodium salt dihydrate (EDTA-Na,) ~ potassium
dihydrogen phosphate sodiuﬁ chloride ~ sodium cholate * sodium
fluoride - Tris (hydroxymethyl)- aminomethane &% 8 Merck Co. ;
sodium deoxycholate + sodium dodecyl sulfate (SDS) ~ sodium
‘orthovanadate & & Sigma Chemical Co. ; Nonidet P40 (NP-40)
g% § BDH Laboratory Supplies °
@) BEFRIHRNTR |

X 4°C#y PBS ;E‘ﬁ’témﬂﬁ 2 =k > #k X rubber policeman ;¥ 4
BLESEABET  2HAS 15 ml BoFY  BOBRUBF
NEP buffer (150 mM NaCl ~ 0.5 mM EDTA pH 7.5 ~ 100 mM
potassium phosphate buffer pH 7.4 ~ 0.25 % Na-cholate » protease
inhibitor (3 & Roche molecular biochemicals, cat. no. 1697498))
Himpp s BAR AR ZURE 10 £48 3 8 R - HRA
f% 30 #» Bk b - 54448 12000 rpm #- 10 min 48 » W& EHF
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BB EEER-T0C -
o-~sFEFHERAE
1~ 3%
dipotassium hydrogen phosphate ~ hydrogen peroxide (H,O,)
B B Merck Co. ; bovine serum albumin (BSA) - sodium
bicarbonate 8% A Sigma Chemical Co. ; Bradford protein assay
dye %% 8 Bio-Rad (cat. no. 500-0006) -
2-FZaReEAL:
U4k aZaBSA)AFERES » #|H Bradford R & > 4
AR E SRR A 595 nm A RRAERE SRR SHL
PP EERTE TP TITT 2L ST S
B o
3 ~ Catalase (CAT)% 4. 8] &
| é‘-:%"_Beers éﬁ:&' -%(Beelfs and Sizer, 1952) * £ 0.5 ml R B
# ¥ 4% 50 mM potassium phosphate buffer (pH 7.0) + 17.44 mM
H,0, R fa e 5L AR4 > 42 37°C T4 240 nm 30 #5858 R b 44 2
&+ CAT T HO, $HBRM TR » B L #M 1O,
BV ET AR K bmA F catalase 9N o Bt H A BE AR
catalase Lk JE 4 (specific activity) » 3t E AKX F ¢
Log (A¢/A)x[H;0,)/ 0.5min/ mg protein ( £ mol/min/mg)
(Ag: 0 £ OD 44 5 A2 30 £747 OD 1)
Il ~ &% % i % (Western-blot)
1~ —BBAR SR
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— R
(1) ~ MAPKs 48 Bl 458
rabbit anti-phospho-ERK 1/2 (Thr™**/Tyr®™) Ab (91018)
% B New England Biolabs Inc. (NEB)
goat anti-total-p38MAPK Ab (C-20)
#% B Chemicon International Inc.
(2) ~ PC12 differentiation marker $7 %% :
mouse anti-neurofilament 68 clone NR4 Ab (N5139)
¥% B Sigma Chemical Co.
(3)~ Etbhah -
mouse anti-GAPDH AB (4699-9555)
#& B Biogenesis Ltd.
LA
HRP-conjugated goat anti-mouse [gG Ab (M15345)
B& & Transduction Lab, Inc.
HRP-conjugated goat anti-rabbit IgG Ab (AP132P)
BA Chefnicon International Inc.
HRP-conjugated anti-goat IgG Ab (sc-2033)
7% B Santa Cruz Biotechnology Inc..
2 Rk
# 4% Molecular Cloning (Sambrook ef al., 1989)&3 7 & + 34
Bio-Rad Mini-Protean I cell (cat. no. 165-2940)i# 47 % % B & ik -
A E# 12 % SDS-polyacrylamide gel » BB sy ta i 2 42
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s it 47 SDS-PAGE(SDS-polyacrylamide gel electrophoresis) » 4 #)
A Bio-Rad mini Trans-Blot Cell (cat. no. 1703930)#£ /7% 9 &
#% % (electro-transfer) £ PVDF(polyvinylidene fluoride) L
%1% &) PVDF ZF e o4 TBS & 48 % (11 mM Tris-base
pH7.4- 154 mM NaCl)@z { & 3 %5 4+ 45 (skim milk) ¥ » 2
A H30548 -  HAERFLRZ 1 BIAMEPVDF £E8
P 4E M 4-6 /~eF 0 A TBS-T & #7%% (11 mM Tris-base pH 7.4 -
154 mM NaCl ~ 0.1 % Tween-20) F#k#%  HRLELH
BaAYAEN 1 SRS 2 SRRAMAZTESER 2 )eF 0 X
TBS-T ##5%#F Bk » L ECL (38 Amersham Life
Science Ltd., cat. no. RPN2106)s ECL plus(ﬁ%é Amersham
Life Science Ltd., cat. no. RPN2132,2133)## 47 2 & R J& -
V- &a% 25
' L~ prc;tein A-sepﬁarbse BRI 7
34 NET buffer(50 mM Tris pH 7.4 + 150 mM NaCl ~ 0.5 mM
EDTA - 0.5 % NP-40)& % i§ & Protein A-sepharose ( % &
Pharmacia Biotech cat. no. 17-0780-01) » 4°C F 1% if # #% X /&
12-16 /)~ » 24 NET buffer 3 i & » & % 50 % working solution
#A (4CTF4HRHEF)-
2 ~ protein A-sepharose S84 R &
B S0u] B #E 4 50 9% working solution 47 protein
A-sepharose AuA 10 g1 goat anti-p38MAPK Ab & NET buffer £
BB 250l 4 CTIER%ERAE 12-16 /#F » 3L 0.5 ml
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NET buffer (#}# 50 mM NasVOs ~ 1 mM NaF) & . R 1% - #C
#HA -
3Ky ik
(1) p38MAPK :
& 50 g1 anti-p38MAPK Ab conjugated protein A-sepharose
$2 100 ¢ g cell lysate & 10 21 proteinase inhibitor ¥y R4e%
feA NET buffer &R &Mk A 250¢]1 4 CTRERBRA
12-16 +J»8% + A 0.5 ml 1x NET buffer #F#t F =% » & 14 1x kinase
buffer(w/o ATP)#Fk—RK » e 25 1 reaction kinase buffer (5
mM Hepes (pH7.5) ~ 2.5 mM MgCl; ~ 5 mM B-glycerophosphate ~ 10 g Ci/
1l g -2P-ATP ~ 500uM ATP - 100ug/ul MBP ((Myelin basic
protein) ## & Life cat. no. 13228-010) 30°C R /& 30 54 » e A
8 11 5x sampling buffer (1.9 g Tris base ~ 25 ml 100 % Glycerol
173.3 mM SDS ~ 2.5 ml B-mercaptoethanol ~ 1.25mg bromophénol
blue)> % 100°C & % 7 5-4% & th LH% #4715 % SDS-PAGE
Tk FETANRE RITKHEBEH (autoradiography) °
(2) INK : | |
B2 20 1 1 GST-c-Jun Fusion Protein (B% B Cell Signaling Co.,cat.
no. 6093s) # 100« g cell lysate & 10 u 1 proteinase inhibitor &
4> fm Lysis buffer £ & 285 % 250414 CTRERBRE
12-16 /~8% » £4 0.5 ml 1x lysis buffer # 7% 3= 4% » H 2L 1x kinase
buffer (w/o ATP) ##k—=R » s A 25 y1reaction kinase buffer (5
mM Hepes (pH7.5) * 2.5 mM MgCl, + 5 mM f-glycerophosphate -
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10 Ci/ ] 7 -2P-ATP ~ 500pM ATP)30°C B A& 30 448 » Ao
i#¥ Sxsampling buffer # 100°CER 7 o4 B FiFk &

5712 9% SDS-PAGE Bk R Tk A e - BITRHNEY
( autoradiography ) °

¥~ ROS R &2

1\

HO, A &

4-# Satoh ¥ A #9757 (Satoh et al., 1999) iftmjig 4218 24
/]NB5 64 serum starvation (1 % FBS, 10 mg/! insulin, 10.062 mg/l
progresterone, 16.1 mg/l putrescine, 0.377 mg/l tri-iodo-thyronine)
#% 0 UL PBS FA—REMEETE > SRCERRGEFA
& 4z (phenol red-free)4y RPMI 1640 (38 & Life Technologies Inc.,
cat. no. 13200-025)§ 4= B 28 3% » 818 35 £ m &5 nylon mesh %
{%Fﬁ o mw ANK R E 10 M & ¥ 4 DCFHDA

(2’,7’;dibhlorodichofoﬂuoresceirl diacetate ) (4 ethanol % )
WA 1S 5480 L 15 oM 2 NagVO, R 32 R B &85 Rl 44 -
#1/ flowcytometry (FACscan)éy 7 =, » £ 488 nm & 4% 7 305 -
#i ¥ FL1 420 526 nm M5k & f R B A HO, 89 £ A ¥ -
O RE

% # Satoh ¥ A &9 F ik(Satoh et al., 1999) » 1§ fmfh 48 38 24
/I8 B5 49 serum starvation (1 % FBS, 10 mg/] insulin, 10.062 mg/1
progresterone, 16.1 mg/l putrescine, 0.377 mg/l tri-iodo-thyronine)
#% > LA PBS b —RiEMlelivic BEBSERARSRFR
&Y 4z (phenol red-free) &9 RPMI 1640 (3% & Life Technologies Inc.,
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cat. no. 13200-025)% éa e 7% » 183% 35 u m & nylon mesh %
#A o AASBRE 5uM HEt (hydroethidium) (2% ethanol
POEARME IS a0 X 15 uM 2z Na;VO, & 32 R B 8955 [
% AAFNbafefR > L 495 nm T4 kdedd o e FL2 2848
637 nm A K ERRBEAR O HERE -
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L E S

—+ ROS £ #injcésiE N PCl12 B /LB

ROS ftmfpd REMBERIEN A RBEHFE £
e BIkAARAPC2 B mitk AR A HBitmiLas
H 4ot d » ROS T KAL -

1~ $1L4a % ¥ PC12 $m o i 51t

F - 1ud) PC12 MR A48 R & 4= B (fibroblast) © 2 37 W
RMAN RARI NGB e A8 ) B RE Aot
R A 45 SR L BT B, 2% 48 % 48 51 4 (neurite outgrowth)sd 7,
% ARE PCI2 e & F 5 1b% 5 {8 65 7% (Greene and

Tischler, 1976) -
XA R 10404 M AbR RRE PCI2 fa o 1t
(Rogers et al., 1994) » Bl sb &K B 14 0-50 u M rfbdu 53] &
Ewafh B 150 M LR emp ookt 48
FRME RN TUREHBSRAA A S5 8 X
BRETEEZBMREFMM N mA ke BEH (Fig.3)-
FERBATCERY  AEZ# 7 LHBERES !
neurofilament-I. (NF-L) - neurofilament-M (NF-M) &
neurofilament-H (NF-H) * £ % NF-L ~ NF-M £ 4-4t#0 88 (%
ER) BPa&A @ NF-H R 2ot (B4 R) 4%
#& #(Lindenbaum et al., 1988) - H ¢k » & T eHsE 3| #5 PC12
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Z 404k » A EER NF-L ﬂiﬂﬁ‘r.émsaa}/ib%ﬁ& °

# Fig. 4 T4 'NF-L B RZ AR CHRELEL  AIAY
BEE SV ERATL ARSI AR LR R AR 2L
ABTF » NF-L ghra i 2 ALE - ko fbehsaty NF-L BFR &
0 RBMLHEEsbE T4 RRARZFARHAE  f
MMt % 4 XM RKERR > 8 ReFiE a4 ¥ 7 NGF &2
WA 8096 c BT EmHELERAKFHILMATTHY

PC12 44k -
2~ ROS £ 411t %S PCI12 mfs 2 516

& THAROS £F 4+ ANLHTHE Y PCIL2 tafp2 51k
#I M % HREAB R ATR i 4 [ AL
MR mpsit £ 8 RHE - MEESCHEHBREHIH -
S RFT > 1-8 mMNAC dr SR B30T A 27 ) o SRALSAA 35
% gm o 1u(Fig. 5) @ b B M B8k 3B F S u M & ascorbic
acid ~ 10 mM & mannitol ~ 0.375 mM & tiron ~ 10nM PDTC s
A 500 U/ml # CAT(Fig. 6)& 32 4= » &8 3 pyrrolidine
dithiocarbamate (PDTC) ~ CAT £ MRL - TRIFREMHE
4 » {2 OH #h4% 4 4 ) mannitol 1A B 'O 4945 B A TR A
tiron ]2 #h$0_E & 9 B4y #1458 F (Fig. 7) - SAEHLRALH &
REABE T - NAC & PDTC B2 &2ttt Bl » CAT 2l
EEHB HO, £ #H NAC TEFR s
PC12 z 4t ; Bititdh » £ R4MMLMFE R PCI2 Yo
P H,O0, T & £ £465 ROS -
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= RACHKERCNE R LB THEAR
WL B & RET > EMALAER PCL2 mp bt - S0

WA ROS AR U HO, KA TiM - ME H0, §4 &
CAT & GPx #4446 B £ A O’ B L B M 8k 47 A4
PC12 dmft 5 1bi A2 ¥ > CAT 25 %1t -
MR TR A binE CAT EHEMEA L8 4 R H
wrs B 10 RKAHEHE (Fig.8)-
Z~MEMER PCL2 b8 ROSHE A
BTRABREARTA ROSHA R AR RA AR e
BREATHH > &5 ¢
1+ 5t DCFH-DA BRI H;0, 89 £ %
HBTEEERRATA HO0 894 & > 25 %0 DCFHDA
- (Wang and Joseph, 1999) » #] F i &, 4= i 44 (flowcytometer) 2+ #f
#.58 H;0; 89t - DCFH-DA E## diacetate &4 + H LR
ABBEMN > ¥ T T o8 AR B (esterase) 48 A # Ay
dichlorodihydrofluorescein (DCFH) » DCFH 9 & #.79 3438 .
{4 % H,0, £.4 & dichlorofluorescein (DCF) « #| M # R, da ie
8.0 A 488 nm F A MCE 0 #5 b FL1 3L 526 nm # 44 k

#wm A e HO, 88L& o
d Fig. 9 $15 40 » A EBIILNEIE 2 454818 NazVO, »
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K8) kB He IS FLL S 13 44 @
HRAARA 4 8 (control - B &) £TH MM 1.63 188 HO, £
SULSARIE 2 88k A R MA S FEE RNy O, BRE
Bk - BIEREA £ PCL2 P wisid HO, A4 > B
& R 5§ PCL2 Stz R ey ad i -
HE—FEH NAC & CAT THEL & #1 HO, i e 4
PC12 446 » &A954 2 mM & NAC & 500 U/ml CAT 37 & 72 4=
B 1BF4E 0 BARRSIEMRTE 2 54818 HO 9 4 - 23
%48 dm i (control » Fig. 10 (A) > A)BA#RL > @4 ERAF
- (NGF - Fig. 10 (A) - C)#4nitss(Nas;VO, » Fig. 10 (A) > B)
MITHEEL HO,» @ Fig. 10 (B) A% 500 U/ml CAT
(catalase » D)+ T 4p#14/b4(Na; VO, » Fig. 10 (B) » B)Ff 2%
X H0, 4 A% 348 H @1 2] g3 %) @48 & (control » Fig. 10(B)»
A): B4R 2 mM & NAC (Na;VOANAC - Fig. 10 (C) ' E)
RIEZemf  BAAA L HO, T NAC Mk - £ 55
#] 48 (control » Fig. 10 (C)+ A) = Tab.5 S M4RALSA R E 2 48
 HhO, A4 AR - M EN A 147 1%+ LR M
H:O, FBAL © dRESRBAAMAE 4 89 O, » #ht4n
LB EPCI2 TR EFHEERHHER -
2+ &t dihydroethidium (HEO ] Oy 84 & 4 °
WAAR O 5 &K E HE M ARILMBHRETRF
LEAT Oy -HEtTT ALY » £RAKE O, & £ 0% > HEt
THEEREE A cthidium » 3# g AN @ # A DNA
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(Satoh ef al., 1999)« 1 7 s K s Bt » £ 495 nm % 4 B 4LEE
$id FL2 3B 637 nm MK &5k ERABRMN O 25 & -
w Fig. 11 ¥ &R > A4ULAREIRF SN - A4 AMR
'Oy & & o su#s RFE)0FERE O &7 R B tiron & ik Hp 4 4n1L 4
# ¥ PC12 1L -
m ~ MAPKs ##Z b3 3 PCI2 Sty i

MAPKs TE GRS M ERIE S 4L RiGE > £ PCI2 894
i+ » MAPKs i 8§ ER A E (Satoh eral., 1999) -
)&% » MAPKs #) 7% 78 T % 2] ROS #1383 (Liu ef al, 1996;
Kamata and Hirata, 1999; Peus ef al., 1999; Robinson et .,
1999) - Bk » AP R A F 8 — i 4E NayVO, 3% % PCI12 4
fbif2 ¥ MAPKs #5767 » A LEIL RS £ 8] H1bin g
A4 6 H,0 3% -

1~ MAPKSs 240 {6 % % PC12 440 0 2 & 2.
4 R B SL4nsE  PC12 4-4b#n A » MAPKs L5 -

#,# ERK » p38MAPK & JNK - MAPKs &) Tyr/Thr 7% % & &k
% 54 8 {t(dual-phosphorylation)# &4t > B LTH R R |
PR SHEHE AR B b s MAPKs » /7B S B ERE G

M BR R EEH®4L - ERK €4 ERKI §2 ERK2 &
HEG 5 FES5 A 44 kDa & 42 kDa ¢ & Thr® @ Tyr'™
#4488 4u%% » ERK {8 €751t - Fig. 12A ¢ LBl A R EIBER4R4L
4514 B NGF R %t » 51L& ERK 2 5B > m THA 5%
#8822 ERK @ (84 LERTFLE) - HABGEEES
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WAl BAL A ERK 8 A KR35 @ W R F 8fAF - ERK
ghra$EARE (Fig. 12B) 8574 RIE 0~240 &
48 FRK B 2R — S8 M me & £ 120 548654 jo 171
£ fAe 240 SRR R IES A 2243 267 T NGF &
BE 4 TR 8254 15658 o -

p3SMAPK #4F% & 38 kDa: & Thr'™* & Tyr'® g4t
#ikiE1e - Fig. 13A AFI R Z e 4 E#RA p38MAPK 7
{Li% % - Fig. 13B B #1 A #1854 £ & p38MAPK 7Z 1 #4t -
BB L4AL4 R T PCI2 fmf > p3SMAPK 97 2R D
HTRAL BEAL30SEFRIBEE 1.06 45 » 4 240
PSR AKH 0 AEFEZ 0584 -

£ INK % @ 27 & % 46 kDa & 54 kDa> % Thr'® g Tyr'™
B IE » INK & #7510 « Fig. 14A AFREGM® 4k
WAl INK 5546176 > Fig. 14B AF R B HEEE » B

PCI2 tap@st /bR EE M E M T - & 240 H4H oL 5]

BT AEslaz 01445 -
2+ ROS ## ERK #) 7% 1k | |

T 25438 MAPKs #7516 ROS 694 £ M » B R

$#] A ERK % MEK1 & &4 48 U0126 & K B ;R & NAC:

#9 % ERK z 75 M 8445 - PC12 & NAC #T& 32 4 /] 85  U0126

SR IE 20 548% 4% ERK S LMRTE 120 S 42512

fbo i Fig. 15 ¥ HMEHR lane | AiEdla (CRRZLH)

it %% & %] ERK 848816 » lane 2 A4 bR B 120 588 > T
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R3] 4 288.09 {248 #1756 & - lane 8 5 B i¥Av A DMSO A 47,
{e4n + LABE 3R U026 &4 DMSO ¥ » 5% DMSO # R ¢ %%
ERK #9751t » R &K ¥ 282424 ERK 551§ ' lane 9 A%
15 v A NAC 2 mM» 255 3% B 75 NAC # R % s, ERK %1k lane
6 & 7 43N 1uM & 2uM U0126 » 4. % %5 ERK &1L » &
HRTALRALKLREYY  BLEAFEKAAFERE NAC
.8 ERK #4b > & R %R ¥ NAC % & # ju(lane3-5) ERK
g9 7E MR T F - &7 ERK #9716 7T 6% %] ROS sy -
S Z ATR R > PCI2 da b % BI04t dn R 314 & 12 58 0% A
P A4 H0, M H,0 #— 3L ERK R 1% s dm i b

o RSB

oL E R EabatE PCI2 pibi@R T - RWET
T LU BCRE C

1 +NAC+ CAT ® 'T’Eﬁi#]’%‘]ﬁmbﬁiﬁﬁ%i? PC12 \4b {2 "OH
8445 B P %A mannitol 24RO, By 4% B M % PR &) tiron 4p
,ﬁﬂﬁl Bk A BT H,O, T A6 & £ S4nbsnss 3 PCI2 4L
BEYEEEHROS EHSLEABEENER -

2~ 4#tHe R CAT 80 » RS CAT Z gl
& B A4ARAMELEAS EF 10 RIRE B EHME - £
fe 2 H A4 b4 du i M H,0, B+ CAT 975 1 B JLBE
£

3~ FI Ak B R AT B RAE AR 2 ST R
R 147 A5 HO, BHE » MR KTH NAC &
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CAT FRE&MR ; LM ETRK O L E%/L - LERERE
A LA W PCL2 B Fes R HO, 0 & 4 -
4%, % ERK -p38MAPK & INK ¥ MAPK £ 4R.1C 44 %% # PC12

AL P RAEN  BHRAMLMRERR > ERK 8978153
EBEUS £ 120 448 ERK 5 2] 7514 171 4%
B E2RFRFCHKRE © @ p3IBMAPK Al L 2| WMiIEZRT
AR ¥ 5 INK a8 M RIBR ¥ T - 42 240 4g T Hliadn
be 0 €K 0.14 {24 75/ E
5~ A ARBAH NAC THRERD Gmibsam% % ERK 3
it » 827~ ROS T Ak 875 1L ERK #5384 -
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]

— ~ ROS £ R4164735 H PCI2 fa g LB 72

ARG R  NAC TH B8 %41/t 35 % PC12 s
fo4-dt » 12 OH 6945 B M4 7 P2 &) mannitol SAR "Oy #h 45 B M %
Be@] tiron RIAWBRER - AR A miath AMREARBRE
PC12 @éribsmmEBR AL HO,r B O BHEA%IL - bk
W H,0, TR R 5 AL 35 3 PCL2 ta B Lk € 249 ROS-
1+ HO; ZBATHELRLELERERH

HO, R FATRAEHZHENAREERES FHERE
22— AXFWET  eERALRNECKRE > fFELRRGH
HET bldet APCI2 WMt o B L0, 4% > #8—F
42 % DNA binding - 3 /L #4& B T AP-1(Tong et al., 1996) ;
7 Hela fajff ¥ > 4 %1t ERK2 (Wang et al., 1998; reviewed by
Allen and Tresini, 2000) - # H,0, B K S EMEAM L AAE
fok 4 #35% E 49 ROS (AM 5 948X £) (Rohrdanz and Kahl,
1998) °

A5 #] B NAC ~ PDTC - catalase ' = & /) & 40468977

HUEPCI2 w2z 54t » A NAC LR &4 - i NAC B —
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s L AL B T A 35 ROS » it & GSH #9ATEE4 » T
#eik GSH 2448 > BN ROS 2Bk meieieG®

(Chen and Sun, 1997) ; # HyOr @k Ztm e st H ik di st
CAT &5/ H » MR VBN HO, 814 & MBREFEY 4 -
2~ fitsmis ¥ PCI12 bie it Bk CAT 2 & %

CAT Wig AWML THE  AXFORERMBIL - A
EEI0RT2A#E - KRATHRERSA (1) 278
4ritdn 8 H,0, &£ CAT 4§ A F % A& Diperoxovanadate (DPV)
BREAE R 0 BN CAT #7% 4 F B (Ravishanker ef al,
1995 ; Rao ef al., 1998) 3 (2) B & H,0, #¥ 4o » M AR
CAT #4Z M T (Yan et al, 1998) - #a K # » #] A
Two-dimensional gel electrophoresis # 7 & #ﬁriﬁ'l " yeast

( Hansenula polymorpha ) % 3| € & /& ﬁi FhHRE BXBE
1B, ¥ # ALk I yeast 14 » yeast B SOD & CAT #47%
LI BRE M o o AR K SIESNAIE yeast B 0 25 R i A ROS
#1338 ho » MAR(E AL AALEE £ 4975 3 e (Mannazzu et al,
2000) - Bk > HyO, £ R Bt i » 8 CAT g eI &
A—% BEAREY  AEMAMATH  PEADE

imdliate g o
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= ~MAPKs 35#/E835 F PC12 5 {685

1~ MAPKs 7Z# R 4-1c48 M tE

FIRASALMRE PCI2 el K MAPKs #9 &R, » AR
#F3, ERK i Binfar g — D Fe9i54b 0 &£ 120 5483
AR H B HEAE 171 45 42 240 -4 RE10 4735 4045 4 414 22.43
4% ; p38MAPK RI#45— F A% - 4 30 o4 EAZE
Pl dany 1.06 4% 240 48 2] 51 A8 i $ @ 0.58
£ 0 INK 65750 » RIBF TR 5B IE 240 5480 > B
 EREHIE 01442 - B AE 30 SR AREER
B4 LREHTHR SRFA AL MAPKs R & HEE
oA RAMESIUL T NI R ER D T RARTH
WA FRI AR MALBESER? RS BREL R
) m B2 48 R ] B0 R 5244 "MAPKs #78 L M £ B4& K (Tab. 4)-
e 2 (1) F 4R dm b

(a) k& FiefER I astrocyte F » 1% Ao
¥ ERK 54t > 2 8 R R X 41k 4 f 445 ik
£ & ) ERK 7% 14 & H:4F astrocyte SR 2 8 A s

%8 #(Abe and Saito, 2000)
(b) AAEHFREPC2 i MRGERTRENE
RAE A RBP4 12 8% ERKIZ i#565%
it 435 24 8% (Traverse ef al., 1992 ; Walowitz

36



and Roth, 1999 )

(c) #]M NGF - EGF R 4r4téi % PC12 » &£ NGF &
EGF R# 2.5 /488 ' TR ERK #H R KE ' =
SR - Rl # - EGF MBFRIM & > Righ
#¥ 2| RITH 8485 NGF prig 8 ERK 5& 14 3%
Ao # 4  HEE 2] 180 4480 ™ ImM 4uibd A
15-50 458 5% B, 2| ERK #754L 454k 180 448 ;
SR The/Tyr ABMALE » F R NGF srig s
S ER LI R tL4RAEMN % o B oLk NGF s &
ERK &t £ 4n1b4n3% %5 & (Nguyen et al., 1993)

(d) #178 NGF & IGF-1+ #l# ASEA R85 » TR
p38MAPK #43% 1t (Kimpinski ef al., 2001 )

(e) MMM E EMBMNA Sl il 8 F (feal

~ chick forebrain neurons) MAPK # 1L + %%
pIBMAPK 3 21% 5[#r#] (80-90% ) @ INK &
ERK RI & 8L « sl F A A B A0 & 5158
RSB KR #9054 E > Bt R AL
o ATHEM B ERBEKR PR
p3SMAPK #5 % %| & # #| ( Heidenreich and
Kummer, 1996 )

(f) #1A pd2/pdd #p#iE| (PD98059) A& p38 MAPK
¥r %% (SB203580) #vF oligodendrocyte » 35,

ftafiribi® ¥ p38MAPK £ 5 biniif g — &
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EHE - M pd2pdd AFo oL RITEA M - B o5
BTHalBE ML LR HE AL
p38MAPK #% % (Baron et al, 2000)

(2)pL 4= B (muscle cells)

(a) M= e R 51t (myogenic) B ¥ » bk FH—
#% % p38MAPK 5£4b (Chun et al., 2000; Puri ef dl,
2000) > g ¥ »1Li#847  ERK 5L BB &L

(byspléa 4t F » p38MAPK A S — b B
&Gk (Davidson and Morange, 2000) ' 12 ERK
AT CTFHARGILBIEAF —FiLHE 5

ERK % p38MAPK ##4-1bty A & RIS ERK 8%
2 (Wuetal., 2000)

OF AR EE RSO T T FILEE &R

ERK 74t (Daum etal, 1998)
GV febagt |
(2)#1 A PMA #3# HL-60 # % 5 ERK £ 5 o 5]
EAuE Y 44 60 8%  HE /L4 ERK b g
MEK]1 #p %] & PD98059 frdp#] (Das et al., 2000)
(b)#) A TPA #|i% macrophage 4-{t’'ERK % p38MAPK
#5384 46 @ INK A 2 37 9 & £ 4 (Schultz
et al., 1997; Katsuyama et al., 2001 )

(c) PMA #| % human myeloid leukemic cell line 4.4
#% ik ERK 25 10 248 8538 200510 598 3f 435 24 /p 0%
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(Hu et al., 2000)
(d)retinoic acid #]#K granulocytic 71t 4 =& MAPKs
F LA ERK 975K EE (Teneral, 1999)

BT SR %R R E MAPKs #47F4b 4 » & MAPKs
HTHTANRSRAEFLHBERF 44 ¢ c-Jun T B 54k
ERK 2 INK A7 %4t ; ATF-2 T Bl ¥4k p38MAPK % INK #77%
fe... % s # A $hfv ATP €3 5 PC12 fm B £ /LR /1 3% o > 355
b AP-1» @ #% $2 NAC T & 3#7 %) AP-1 #:7%4t( Chen and Sun,
1998) 5 #1 A NAC 7T 4 #p#) & NGF #7135 % c-fos &3FE & AP-1
7EAL » 3 Bdp#] MAPK #7516 (Kamata et al., 1996 ) ; INK -
ERK 34474t c-Jun » {22 #] A NGF & 3£ PCI2 4a #18% » NGF
% ERK ~ o-Jun 754 » MR EZMA A » £ o-lun EiLBE
¥ INK {232 4L it £ R @ H /T c-Jun 4 A, (Leppaet
c-u'.-, 1998) ; #] A Lysophosphatidic acid (LPA)#| 3% HeLa %=t »
%50 MAPK #97% {6+ 3 533 & T4 NAC ¥ #l(Cheneral.,
1995) - §34 50 b 7T 4o + ROS T 745 MAPK + f MAPK dEE
—FELBEETF - |

F-FHRHENE MAPKs sis &R R B2 T > AAaE
P ES ALY L RALZEERE AT AA
1,25-Dihydroxyvutamin D3 | 3% A %8 #k €5 = i, HL60 5%
BY c hoen p38MAPK B —fhipdiA] SB203580 4p A & 0|
p38MAPK E4b » KRB &5k » fE# % HF Mixed lineage
kinase-3 (MLK-3)% MEKKs 1-3 #8&8 ¢ - B A MLK-3 &
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MEKKSs 13 % & INK & ERK 3%t % 7T 8 — & o1k
48 (Negative loop)# M ( Wang ef al., 2000) - MLK-3 &4 — Cde
42 binding domain #& @# - &R MLK-3 # SEK £ &
MKKG 8 &4 » &A% INK & p3SMAPK #5516 » {24F 4
[ 8% 5 3218 - % ERK /%4t (Tibble et al., 1996 ; Hartkamp et
al., 1999) -

BB P HER ERK FL&ERRA 120 448 - MAIRK
Kmp R E 2 P8F L O A RRARE 1474 24 5%
6 A BB ESIIEREGHE M EEMI LLF2E
XA HMATHEERRZ MAPK E1biBfE » B8R $HF
7% {(Ichijo, 1999; Tibbles LA and Woodgette JR, 1999; Chang
L and Karin M, 2001) » &I RM KA ERET - H XK
B X . % &%/t MAPKKKKK ~ MAPKKK ~ MAPKK °
Bk A MAPK - 4B T35/ mENE G Ko RMm
B i3 § SLEs A A b B 0 A 2 SRS AU H0, 3
po» §i i H,O, 71t MAPK —i % Esbiik » B4 i % MAPK
BT BN AMBETEL £ B AR LB ES b
BEOABBEENMm AEREHE RS MAPK FLU A
B HLO, A A4 2 R £ o RHA 2 &S LAEA -

A L R Gk PCI2 i % B4R A THE
saREI M A & H0, » 1 HO, i — 3 3% ERK ~ p38MAPK
# INK #9751t > £Hh &R a1t -
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ERAFEZARTOREE

AREEHEREE  SULHTRERARA HO, AE -

3 % 8 ROS # &1 MAPKs 6945 > & R # PC12 & iE o

o ERENEFSRBAHSER

1+ AR > A EACHE RS RACE A i A B R
40 AR RE G RN o fT 2

2+ ARRRALEEARKAL?

3. BAESA ERK %3t as H0, AAAE
p3SMAPK & INK £ F & Fl# % ROS FrigiE ?

4+ PCI2 bmfeirbiB ¥ + MAPKs 842 8 #4R I T 5 67 7
BB A L EA 0 AR N RS B e LR e

U - el — RRANEE - BEAARTRAREY BK

k5 B EAEBI(NAC CAT « PDTC » ascirbic acid » tiron - mannitol) -

o feisi® NEL 8045, # R 8% 5# % 44 GPx  GRx + SOD

gEA: HAEEYR ¥k (kinase assay) » 24 INK &

p38MAPK #7%1t% % 4o ROS 428 # ; #1 EMSA(Electrophoretic

Mobility Shift Assay) 447 %o b f 5 1L B A 75 £ B 14 2 NF-«B L&

AP-1 gy &, -

5+ #A microarray ¥ % ik + K M- Ea K EHLBE
¥ 2 %] ROS 93 3E -
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Table 1. Properties of some reactive oXygen species

Species  Symbol Half-life at 37°C (sec)

Superoxide 07
Hydroxy! OH
Alkoxyl ROy
Peroxyl ROO
Single '0,
oxygen
Molecular O,
oxygen
Perhydroxyl = HOO
radical

Hydrbgen Hz0,
peroxide

Properties

1x10¢
1x10%

1x10°
1x1072

1x10¢
>10?

unknown

>5 (min)

Good reductant, poor oxidant.

Extremely reactive (addition, abstraction
and electron transfer reactions). Very
low diffusion distance.

Intermediate in their reactivity with lipid
between ROO and QH

Low oxidizing ability relative to OH
but greater diffusibility.

Powerful oxidizing ageﬂt

Stronger oxidant and maore lipid soluble
than superoxide. May initiate lipid
peroxidation.

Oxidant but reactions with organic

substrates are sluggish. High diffusion
capability.

(adapted from Ross and Moldeus, 1991; Reiter ef af., 1995)
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Table 2. Signaling molecules regulated by redox in the cells

Signaling molecule Effects of oxidants
1. Protein tyrosine kinase Activation

EGFR, IR, PDGFR, Src, Lck, Fyn, ZAP-70, Syk, Lyn,

Fgr, Hek, Btk, Ltk
2. Protein tyrosine phosphatase Inactivation

The reduced cysteine residues are essential.
3. Protein serine/threonine kinase

MAPK, JNK, p38, BMK1, Akt, S6 kinase Activation
PKC {Activation/Inactivation}
4. Protein serine/threonine phosphatase Inactivation
PP1, PP2A, calcineurin
5. Small G protein Activation
Ras
6. Lipid signaling Activation
PLC, PLD, PLA;, PI3K
7. Ca®' signaling Activation

Ins (1,4,5) P; receptor, ryanodine recedptor
Ca®*-ATPase, Ca*'/Na" exchanger
8. Transcription factors : ) © Activation/Inactivation
AP-1 (c-Fos, c-Jun}, NF-« B (p50), Rel, USF, TTF-1,
GR, BPVIE2, NFI, Myb, 'N.F-Y, p53, PEBP2/AML,
Oct-2, Egr-1, BZLF1, Ets, GABP, Ah receptor, ATF,
CREB, TTF-1, Ku : :

Abbreviations: EGFR, epidermal growth factor receptor; IR, insulin receptor; PDGFR, platelet-derived
growth factor receptor; ZAP-70, O-associated polypeptide of 70kDa; JNK, c-Jun N-terminal protein
kinase; BMK 1, Big MAP kinase; PP, protein phosphatase; PLD, phospholipase D; PLA,, phospholipase
A;; PI, phosphatidylinositol; Ins (1,4,5) P;, inositol 1,4,5-triphosphate; AP-1, activator protein-1; USF,
upstream stimulatory factor; TTF-1, thyroid transcription factor;, GR, glucocorticoid receptor; BPV1EZ,
bovine papilloma virus typel E2; NF, nuclear factor; PEBP2/AML, polyoma virus ernhancer-binding
protein/acute myelogenous leukemia; BZLF1, a transcription activating protein encoded in Epstein-Barr
virus; GABP, GA-binding protein; ATF, activating transcription | factor; CREB, cAMP responsive
element binding protein

{adapted from Kamata and Hirata, 1999)
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Table 3 Vanadium and Vanadium Compounds

Synonyms Chemical formula
Vanadium vanadium-51 \'i
Vanadium pentoxide vanadic anhydride, V20s

divanadium pentoxide,

vanadium oxide,

vanadic acid
Vanadyl sulfate vanadium oxysulfate, VOS8O,

vanadium oxide
sulfate, vanadium
oxosulfate
Sodium metavanadate vandic acid, NaV(O,
monosodium salt '

Sodium orthovanadate vandic (II) acid, Na;VO,
trisodium salt;
sodium vanadate;
Sodium vanadate
oxide trisodium
orthovanadate
Ammonium metavanadate “ammoniun vanadate; NH,VO;
vanadic acid,
ammonium salt

Adapted from Boca Raton, Florida: Lewis Publishers, CRC press, Inc, 1997.
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Table 4 Redox-Sensitive Gene and Regulatory factors

Cell type Factor MAPK Profile Reference
1.Neuron cell
Astrocyte None ERK Activation Abe and Saito, 2000
PC12 Mn™? ERK activation Traverse et al., 1992;
Walowitz and Roth, 1999
PC12 NGF ERK activation Traverse et al., 1992 ;
Oligodendrocyte PDGF "p3BMAPK activation Walowizand Roth, 1999,
FGF-1 *ERK activation Baron et al., 2000
Adult sensory neuron NGF p38MAPK activation Kimpinski et al., 2001
IGF-1
2.Muscle cell ,
- C2C12 None p38MAPK activation Wu et al., 2000
INK unchanged
ERK biphasic activation
Rhabdomyosarcoma = None p38MAPK activation Chun et al.,, 2000;
7 Puri et al., 2000
“Cardiomyocytes None "p38MAPK  activation Davidson and Morangs, 2000
o o *ERK activation 7
Smooth muscle cell Na; V04 ERK activation Daum et al., 1998
4.0thers
Macrophage PMA ERK activation Das et al., 2000
Macrophage TPA JNK activation Schultz et al.,, 1997;
Katsuyama et al., 2001
Myeloid leukemia cell PMA ERK activation Huetal., 2000
Granulocytic - retinoic acid ERK activation Ten et al., 1999
HeLa PMA ERK activation Chen et al., 1995

* p38MAPK was activated in the early differentiation stage.

# ERK was activated in the late differentiation stage.
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Table 5 Flow cytometric analysis of H,O, generation

Time (min) Relative folds (Na,VO, treatment / control})

1.28+0.13 *
1.47 £0.10

1.18+0.17

1.09£0.19
0.95£0.21

wh bt =

After overnight serum starvation, PC12 cells were collected and then
pre-incubated with 10 pM DCFH-DA for 15 minutes before treatment
with or without 15 pM Na,VO, for indicated time. Subsequently, cells
were subjected to flowcytometeric analysis.

«The results were calculated by FL1 value of Na,VO, freatment
cells over FL1 value of control cells and presented as mean + S.D.

in three independent experiments.
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Figure 1. Metabolic.pathway of reactive oxygen species (ROS)
ROS, such as H)O, "OH and " O, are generated in cells by several pathways.
SOD converts * O," into H,0,, and then H,O, is mostly degraded to H,O by GPx
and CAT. H,0, produces a highly reactive radical * OH by the Fenton or Haber-

Weiss reaction in the presence of Fe?".

Abbreviations: H,0,, hydrogen peroxidase; " OH, hydroxyl radical, - O, superoxide anion;
SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; GRx, glutathione
reductase; GSH, reduced glutathione; GSSG, oxidized glutathione

(adapted and modified from Gamaley and Klyubin, 1999)

58



PC12 cells

|

Na; VO,

| v
Antioxidant l l
compound

Spectrophotometry :

Scanvaging enzyme

Flowcytometry :

Differentiation
marker ‘ ’

]

Check differentiati
eck differentiation ROS analysis

MAPKs assay :
ERK, JNK, p38MAPK

Signaling pathway

analysis
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Figure 2. Flowchart of methodology
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Figure 3. Induction of neurite extensions of PC12 cells treated with Na;VO,

After 24 hours serum sta-rvation, PC12 celis were incubated with 15 uM Na,VQ,,
and then photographed under phase contrast microscope.
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Figure 4. Expression of differentiation marker in Na;VO, —induced
PC12 differentiation

(A) PC12 cells were treated with 15uM Na,; VO, for the indicated period
of days. Cell lysates were collected and estimated the expression of
differentiation markers by western-blot using antibody against
neurofilament-L (NF-L).

(B)Relative expression of NF-L were determined by densitometery
(Bio-Rad, Gel Doc™2000,cat. NO 170-8100).
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Na,VO,+ 8 mM NAC

Figure 5. Na;VO -induced PC12 differentiation was suppressed
by NAC treatment (8 days)
After 24 hours serum starvation, PC12 cells were culture with or
without various concentration of NAC for 4 hours. Subsequently,

cells were cultured in presence of 15uM Na, VO, for another 8 days,
and then photographed under phase contrast microscope.
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Figure 6. Relative survival rate of PC12 cells treated with
antioxidant compounds and enzyme

After 24 hours serum starvation, PC12 cells were cultured with mannitol,

PDTC, catalase, ascorbic acid or tiron for 8 days. Viabilities were
measured by trypan-blue dye exclusion method including attached and
suspended cell. Data were presented as percentage of viability in
comparison to control cells. Each data represented the meant S.D. of
three independent experiment.
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Na,VO,+ catalase (S00U/ml)

Figure 7. The suppressive effects of antioxidant compounds or
enzyme on PC12 differentiation (8 days) induced by
Na,;VO, :
After 24 hours serum starvation, PC12 cells were cultured with PDTC,
ascorbic acid, tiron or catalase for 4 hours. Subsequently, cells were

cultured in presence of 15 pM Na, VO, for another 8 days, and then
photographed under phase contrast microscope.
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Figure 8. Analysis of catalase(CAT) activity during Na,VO,-induced
PC12 differentiation. |

PC12 cells were cultured with 15 pM Na, VO, for the indicated period

of days. Cell lysates were collected on day 0 to day 10 to measure the
activity of CAT. Specific activity of CAT was calculated as log(A/A,)
X 14mM /0.5 min/mg protein, where A, is the OD value of initiation
and A, is the OD value of 0.5 min. The results were presented as mean
+ S.D in three independent experiments.
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Figure 9. Time-course experiments of intracellular H,0,
production after Na,VO, treatment

After overnight serum starvation, PC12 cells were collected and

then pre-incubated with 10 uM DCFH-DA for 15 min before
treatment with {(gray peak) or without (white peak) 15 uM

Na, VO, for indicated time. Subsequently, cells were subjected to
flow cytometric analysis.
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Figure 10. Suppression of Na,VO,-induced H,O, production by
antioxidant compound or antioxidant enzyme

After overnight serum starvation, PC12 cells were pre-treatment with
500 U/ml CAT (panel D) or 2 mM NAC (panel E ) for 1 hour, and
then incubated with 10 uM DCFH-DA for 15 min before treatment
with (panel B) or without (panel A} 15 uM Na, VO, or 100 ng/ml
NGF(panel C) for 2 min. Subsequently, cells were subjected to flow
cytometric analysis.
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Figure 11. Time-course experiments of intracellular * O,
production after Na,VO, treatment

After overnight serum starvation, PC12 cells were collected and then
pre-incubated with 5 pM HEt for 15 minutes before treatment with
(gray peak) or without (white peak) 15 pM Na, VO, for indicated time.
Subsequently, cells were subjected to flowcytometeric analysis.
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Figure 12. Activity profiles of ERK in Na3VO4-mduced PC12
differentiation

(A) PC12 cells were treated with 15 UM Na; VO, and collected at the
indicated time-points.The activities of ERK were examined by
western-blot using antibody against dual-phospho-ERK1/2 (p-ERK1 and
p-ERK2 indicated by arrow) or against ERK2 (t-ERK1 and t-ERK2
indicated by arrow). The positive control of PC12 cell was treated with
100 ng/ml NGF for 5 min.

(B) The relative intensities of the phospho-ERK bands shown in panel A
were determined by densitometry (Bio-Rad, Gel Doc™2000, cat. No.
170-8100) and plotted relative to untreated cells (0, control). Each plot
was normalized with total-ERK bands.
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Figure 13. Activity profiles of p38MAPK in Na,VO,-induced PC12
differentiation

(A) PC12 cells were treated with 15 UM Na, VO, and collected at
the indicated time-points. The activities of p38MAPK were
examined by kinase assay.

(B) The relative intensities of the phospho-p38 bands shown in panel A
were determined by densitometry (Bio-Rad, Gel Doc™2000, cat. No.
170-8100) and plotted relative to untreated cells (0, control).
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Figure 14. Activity profiles of JNK in Na3VO4-1nduced PC12
differentiation

(A) PCI12 cells were treated with 15 UM Na, VO, and collected at
the indicated time-points. The activities of JNK were examined by
kinase assay.

(B) The relative intensities of the phospho-JNK bands shown in panel A
were determined by densitometry {Bio-Rad, Gel Doc™2000, cat. No.
170-8100) and plotted relative to untreated cells (0, control).
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Figure 15. The Na3V04--induced ERK activation was suppressed by NAC

(A) PC12 cells were incubated with various concentration of NAC (lane 3-5:1,
2, 4mM, lane 9, 2mM, respectively) or UO126(lane 6-7: 1, 2 uM,
respectively) for 30 min, and then cells were incubated with (lane2-8) or

without (lanel, 9) Na, VO, treatment for 120 min. The ERK activity was
estimated by western-blot using antibody against dual-phospho-ERK 1/2
(p-ERK1 and p-ERK2 indicated by arrow band, upper) or ERK1/2(t-

ERK1 and t-ERK2 indicated by arrow band, lower)

(B) Relative expression of ERK were determined by densitometery (Bio-Rad,

Gel Doc™2000,cat. NO 170-8100).
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