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Complex 7} AlZF7]0] v 3= 3o & Aspst 4
AZYESH AT

4 Az 2780 pEEEoke Fledezr AEC fTse Yy A
HEES AiEts Fa7 8002 Az HEZJAE HHA &4k Hda

apoptotic HE HAIZ] ‘cvitechrome ¢ BE9 @324 Fl55 S0 Yo
= AFoH = HEE S B S Sle B4 F complex 19 E4H
Aol =4 Alze Az B AZz79 plals @488 J8dE 43 e 2
complex 1 & MHE s+ Az243 24 7|8+ olsHstz 0 Tt

W @ g Complex 19 HAEZAE FEH] A complex 19 FHEE
Sold oz AAEE 2-thenovltrifluorcacetons{TTFA)S ARESIGCH M T 23
4 MEFFE trvpan blue exclusion assay 2 cell cyele analysis& SF9 710
cyelin 5 S F AR A Western blat= AlSHSSA T MEWH ATP 4
&4 Fd4x HEds BFEEE] A#A ATE sssay2k 287 —dichlorodi-
hyrdroflucrescein diacetate(DCFH-DA), dihvdrorthedarmine 123(DHA 1235 o &
SHd FACS analysisE A|HECH HEW redex status? HE = GSH assavE
HMEE SFAHT

A3} Complex 19 HAAI] TTFA (400 pMIE Chang AlEH AZAl X
AAE0 2T olFREY SEe OletR A ASEE A S 5 9
A, G1/S boundary™ synchronize A3 % AlZF2E& F45 23 ] Gleg
0k WALA] s AT 18AITHHZF oA 2 IHTTFA A—ldiez A
Ao A& TR, ol AlEs2 fMen AA5zAdE & 7o Fdst
A Lez AEEE FQ0sHEnE 5 TTFA =5 S &docz AHEE oo
= PGtk TTFAM 2t A3 ATF 4 HEs =33t d3f 483 7HoA



508578 T (2F 7 praclig lysate)2 HAEHE AE TEEE D, ol HEZF7 A9
TaEE Slo g MAEGCO High glucese DMEM BAE o] E351 M EUW
ATP & =9 HE0HT AEZAWES 5253 $82 d23 Hop TTFAY
At Mz 57 AFEIE ATP 449 432 ofuzls A& & £ I3t o
£ Ftedezr 27 ZEMA Ao FQIgt der 23S, DCFH-DAR
DHRA 1238 o[&st TTFAM 43t FEi4 M8 ZPR & 249 S o 5=
BH 7Y 0213 #4354 27 ds 29
oz Ueids S5t 55 olm] Mz sl gl 2 gsHYE |
=27 §1A1T 655G lomdized GSHIHO] 158 Fol 275t 482714 Al &
hebe A& #ETozA, 2000 4T B 4o 95 MFW pedox status
HEE ZUE 5 A oA HEE FH M4 S trolox, a-tocopheroldh #2
FHEAE Aoz A AASHFAIT Qx50 AHAE 5757 gt
dE: ole o TTFAE O[E51Y complex 12 S AAEtEs o
AMEZF?E AGANRcrA MExe F3As0 Ad=ls A& &40, ot
42 ATP 3 gisto]] ggt 43Fo] ofds QIS TTFAT AlZ 5718
AAANFR e, 27 FAMLE FAAT2E Y HEW redox statusd HES
gt Aoz 2=l oo oFt BEEolsl otlz) ofE B AR oke T2
1ol 3 #Esge Aoz HAEHFY o IHER complex 171 3F
97 ouz) e ZhE ole]o] FaAie HHs S AEdE 2Es &
Adolzls ME2F AE7dE AASHA =T
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MA Bl= B Compless [, HERE 9l4El 3LE 2-T henovltriflucroacetones,
cell cyele, B4k cellular redoss status



I, N | H5hd

. Glutathicne assay (GSH/GEGG) -t oo
RETE CPIGEST SR VR W

i —— ey _ S . .

B
C
L, ATP determnination assags -
E
F

A Complex 19 4 AH2] TTFAM 25t Chang Al E54]

AZ 3287 coll cycle B A o

B. TTFAE AZ|SF Chang AlZFoH42 HzF7] A9 E5H

(i

C, TTFAL =nd ME Axz57] AHE
L. TTFAY 4=t Alz57 f=4n Z)A
E TTFAXY 23t A x57] A9Eel ATP hdatq]

L e e

F. TTFAO 45t Fd4bs A8 Ao s F4 44

|

Fohe TAHEQ A e

oD D (D n ) e

[ = S = S T Sy
o)y = = O

13

13

14

14

14

15



G TTFAM 25 ATW Hedos status (GSH/GS5G)2] HE}

o

)

- s L LPS

= =
ik
CRE RN

o R
rd
rab

ko
15

of o




Fig 1.
Fig 2
Fiz, 3

Fig 4

Fis 5

Fig &

Fis, T

Fiz &
Fiz 93

Fig 10

19 A4

Mitochondrial oxidative phosphorvlation systern -
A structure of cormples [

Celluar growth rate and cell cycle characteristics of
Chang cells treated with TTFA e
Effect of TTFA on cell cvcle progression -
Coze—dependency of TTEFA on cell cycle delay -—---omemeeee
Effect of TTFA on duration of cell eyvcle phase and
expression level of cwclins - e
Effect of TTFA on cellular ATP levels and

cellfCvalmacRley i - — e — -+~~~ - 2 -
Liose—dependent effect of TTFA on HOS zZeneration -
Time—cowrse of intracellular BOS generation induced bar
TTFA and effect of anticxidents on the HOS generation, -
Changes of intracellular of GSH/GSSG status and

sustained HCS generation bw TTFA in Chang cells -—--meeee
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Alxe 2271382 PEREEoH: Zlgdcz AESE a+4se HyA]
(ATF)Y HEEE Hisls F8 7180t ATPE PIEZEZ{0F W &34
Bt 5H49 complexs complex ], I, I, 2 ¥, 32|31 FoF1 ATP svnthase)=
+E8 HEE QIdER Ao oS e P HhERE QIER 0 ol 2o
9 sHEaRE, AR HEL TCA cycles 3 4R 9 MEECH FAHEHE
NADHU FADH.ZHE 4MH9 complexS (complex 1, I, 0, & )z +48 3
A Al electron transport systern) & Bt FARF Z2 5 EQF 4012 (H)
£ DEZEC 20 matrixR HE inner mernbrane Ho® WHHE of & H5=
402 FIFHH gadient)d 25 B iproton motive force)©] -8 = A
=0, o EUYE 9EstH A0 2(HD0| ATR FEELE 3 WHe=
=l ZoF & o ATFA 248 0HFig, 1) DIEEEZ0F WE Sle d2EAE
FAE 7 AHEH complex | 2 flavin mononuclectidetFMMNIZE  jon—sulfur
cluster (Fe— S}& E2WE J74 284z 7121 Sls 2424 NADHZR 7H
AZlE ®ob = (ubiguinons) ¢ 2 #2E AEE J s ukiguinels 3 -d SHA|
ok olEA He=2 HOR AAl= eytochrome b o1 ¥ FeSE HHEHD Ss
complex IoAl 95t 84 B FHEMAQ cytochrome <2 AETTH 220
HAE evtechrome o ORA| evtochrome a8t 2,5 DH5E0 3+ comples VO]
95t DRR|RE AL £ EAIQ] A(O)E TEA ESAHH0E FEEA o
(Fiz, 1)

Corplex [ {succinate—ubiquinone reductase, SQR succinate2 B H FALE
RO} ubiguinone2 & AFE THF 9 ubiquinds YA 2M 9ot g2 W
Mo2 complex I, IV 2|0 ¥ S ATP o] ZlosAl I 224
commplex [+ OE complexsdt ©2] S55F B 243 E4& 7124 51t 1)
respiratory chain® F4 8491 A0 TCA cweled 34 g4=24, 03 7
5 21 F2H, & HY subunite® FEEN Sl F3E ez SR HE



3, 3 Hpumping=s oH4 #o™, 4 428 subunits: WEEls #8307 25
nuclear DN A 4t pEEE|oke AWE B3] ek ozt §deg
Y complex 1& OE complexs=it E2] B39 kel Az oY=
i EEE ZEEe Fle0l ¥& Aoz AT SET FAE @14
G gle dEoH Complex 1E FZ2Eo=z JHHET flavin adenine
miclectick (FAD)ZE 350 98 "hbad flavoproteinFeo2t 37H2 FeSE 71
A3 He ZDad iron-sulfur preteindp), J2] 30 BrEE CHEHEAQD 153409
QPsl{guinone—kinding subunit 103 11kDa2l QPs2(quinone—kinding subunit 2
2 FEEY SoFiz 2) FI5H L2 E succinated] HEM] gt B4
(succinate dehydrogenasels Fpet [pd 524 Uiz =250 o 53H4
subunits &4 AR DEREalol matix Zo 2T 2y
succinate dehydrogenase?] EH LR BH ubiquinone2 2 #2E dESH ME
A QliEkel niEern WAAIZ|D DEFEZ|Cr WRte=z FHIEP AZ]E O
QP13 @Psz THd o] HhEA] B 4 stk

|2 =0 M= QIikE Ao FlewEtet 2o & AlEy FEo o
e HEtEs d40] B E STk A HEAY A2 2 complex T9}
IV Atol 2] Az2LAEE A Sk cytochrome oFf DIEZE ]l A Alzdz We
= apoptosis A EZF ARE O @77 FHEA AHESIL® Dl ERER|0
a2 FE & HAlse HAAI=0 YA apeptosis?t RETHE 21
b A=l Sl ol BIEEEECE 2l HAHES FHAE SESHES A
EE0] A4 YO dE £ complex 1 9 HAAR rotenones M EA A
25H AZAEA ZEE HAS apeptesis?t #ETC= 2307 human B
lyrnphoma, HL-60 A& HI 8 g8t M358 o &8 20 53 "
J8Y retenene®] AZFZ0] Olzl&= 952 =20 W2t GAM E= Gl
arrest AlFl= ChERP @40 2 E3 GIoh M E3h complex T GAH]
antimycin A AL Mz 57 JH DAL Guold g2 d9E 29 3
o B J U ol FAEEA AAAA g et Al ZAPE (apoptosis) T



lEc] gk A3 nlerEl ATR A&7 S0k mihE FaE 4 A48 o] AT
o gty g8 20 5o 9em, M H2 in vio 48 S EH cormplex 1004
427 HEE g 48 207 STk 32 Y complex 1 HAAE o] BF
commplex [ 7F AlZ 5710 QT G3FE D=4 M= ofa2k3] g4+ H
a1 HekE gl

H % complex 19 715 o4 F9HE0] UELE Alx Pl HE] o
AL BZ5R T complex [ 2HE {32 2ol 9= FEEE A4F
dol 48 51 53 i o & HEAS d¥e2 4 ZZ (myopathy), 2h
H2Z (cptic atropy) 50 HeW® BEolH22 = complex 19 & subunit?d &
AHo|of] Alf WHE Ao 2 paraganglioms, atztia, pheochromocytomart
50 53 Yom® I3 50 complex 19 tumor supressor gens2 244
1E0l FAED St

2 AIH = complex [9] i HAA R FeSEEH cytochrome b
29 JadEs Wolsts TTPAE °|E5HY complex 9] F-EHA7 Az
A W Az oEgh G9%FE nlasa O gds FAEes ety #
o2 complex 1E MRS =247 AFAE o=k
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o. A=s 2 44

A Az wF

Are As T MEFQY Chang Az WS A# DMEMB A (Gibco
Grand I[sland, NY)ol 56% ol 3027 Bl &= AR 1004 FEHoF 27 (fetal BHL,
bovine serurn), 1% antibiotic-antimycctic(Gikeo  BRL)E F7F AMESFE T
Chang AMEFE #FHANEHA WHIEHAZRRH dAHE F9ds  trypsin-
EDTA(Gibco BRL)E AZEH FH

B. Cell growth rate

Axe 24255 HIE7] 959 5«00 Chang AES 6-well HTH
Aof 244 F EoF B{YF & TTFA(Sigma St Lous, MO)E 400 pM=Z HZgH F
24, 48, 72A Tk BiFEtEiTh 2 Al BRI E AlA St A EY tryvpsin-EDT AE
AZ|ete Wl F 0484 trypan blue:{Sigma}f'r_ SMSl] HMEz ok Aol

£ AlEZE hemocytometerS 0|5k 1 S5 23S

C. Cell cycle analysis

A z5718 B43517] YafH 1<10°H2] Chang HEE B0mm B Aol 24
Al F4t B & asynchronize B{EE thymidines FFSEA £233d, G1/S5
toundarvl synchronize AlF12] H5FH 05 pefml thymidine(Sigma)S 18474
ZHEor & @ A S THdouble  thymidine Block), G1/S boundary]
synchronize™ Al E9 thymidine®] gle @4 WA 7lcz4 MEF7E
o 31 Mz TIFA @00 phDE AZSAY A=EA @2 AZE 247
Aog 40IA] 25 HEZ trypsin-EDTA AZEHY ®lopd F I E2]7
E o[ &5 200 « A 55T 22 F PESE AE S M ethaol2 A XE
A5 HolH 3023 28 F oA 4 FElE MEE 22 ¥ PESE AE
F DAase—free ANAase AT 10 pg/mlE 71510 A20)4 1087 850
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prepidium  iodide(FDE 20 pg/ml “Ft 4ol 1080 WA & FACS
Vantage flowevtometer(Becton Dickinson}& 0| €5t G, 5, 3210 G2/
Az 1090E Ao

D. ATP determination assay

Mzl ATP 4 $&£& =237 HsH4H ATP Determination Kit
(Molecular Prokes Eugene Cregon USA)E AMESFR L 1ACHE] Chang ME
E G0mm BFFA 2487 WISF F 0, 6 12 24, 36, 48417F 59 TTFA (400
phDE AT HEE lysis AA ARE FHISL 95 100 pl{lx<buffer— S00
mld tricine buffer pH 78, 100 mb Mg50, 2 mb EDTA, 2 mb sodium
azide) 1 b DTT, 05 mM luciferin, 1,25 pg luciferase)®l] 9HSAIFTh Al 89
ATP 555 ATP standard cwve value2t Bl W5k A4 T

E. Glutathione assay(GSH<2} GSSG)

AZW GSHe2l GSSG lvels S88E7] A 507028 Chang AEXE
100 BHSFE A Ol 2441 3F BISF & 0, 025 05 1, 3 6 12 24, 36 4847+ =9
TTFA (40 pDE AZSE L Trypsin-EDTA A5 dHlold & rEsSZ Al
A5 200 « gl 1083F 4% FHFS HEMs HEd 32 Alx
AAE 125 sulfosalicylic acidE 50 0l 7l AlEU BEA S Z 34T &
go00 « goflH EF TEEE JA3AF o A AiE A AEEc R FT
F THIAEs FHHY NaPQy buffer(pH 759 NADPH 03 mM, 55
—dithic—his(2-nitrobenzoic acid(DTNE) & mbM(Sigma), GSH reductase 012
U{Calbiochemn Darmstadt, Germany)2 PFEHE T F, S6-well BT 200
pE et FEERARE 1 pe B 40tnmdlld FEEE SEIO
G55G(exidized GSH)= 02 M Tris2 pH?l 5-70] =5 & HAFAANI
2-vinylpyridineE Al FFEF F GSHeE Z2 wdez HzZE1 ELISA
scanner® =F WO GSHE G556 2o+ 42 GSH 2F GSS5G standard curve
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F U= A Bl wste AHHEE

F. Alx] #4842 273

Az HE8 4425 2357 4 1<A0H Chang A ZE 60mm
BlFE Aol 24417 BHF ¥ TTFASE antioxidant?! ascorkate, d-tocopherol
(Sigma), Trolex(Biomel® ©5 T BHEo=2 AJE 22¥E=z A&y 2 7
—dichlorodibyrdrofluoreseein diacetate(DCFH-DA)JS} O|EZ2C 2ot HdH F
Ao SolFEe = 9hE5E dihydrorhodamine 123(Molecular Probes, Eugene
Cregon, USAE 2+ 10 pM =22 37%0A 2087 G435k ThF, FESZ AlF
S0 trypsincEDT A A=SH H=EE Dok FACS Vantage floweyto—

meter(Becton Dickinson) 2 =@ 3Tt

G, Western blot analysis

1€10°04]  Chang AlEE B0rmm HHLFA] 2443 Y F cell cycle
analysisoll 2t Z2 WHOSR  double thymidine blocks AlHI  G1/35
boundary®l synchrenize A|F L TTFA (400 pMOE A2 SRR 404 7H7EE1 9] A
ZE 247 7HEo 2 DokY RIPA buffer(S0 mM Tri-HCL 126 NP-40, 02%4
sodiurn decxyeholats, 150 mb NaCl 1 mM PMSFE, protein inhibition cocktail)
E AHEEl] BHAds 55190 25 DA S microcentrifuged A 11,000
romS 21087 diREEt 7 dEHs M REE A ARG 40 ped
CHHA S Sodium dodecyl sulfate polyacrylamide gel elsctrophoresis (SDS-
FAGE}E 0l&std F2|f o0 d9F F nitrocellulose membrans & 200
mAXA 227 B9 A0 B electrotransfer) Al HCE AZ0lE0] EW
mermbrans™ Hocking kuffer(®e 2325471 2842 PBESE W 4204 14
THEOF WFE SHD blocking buffer®l] 1100022 S| A43F dal FAE @1 4 oflA
37 B0 dhsAlF T A FHEE AEFA e 2 ool SEEE eyelin
A, cyclin D1{Santa cruz botechrnogyw) S AFESFRTE  washing  buffer (00524
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Tween 200 THE PESIE 555 AEeF ¥ horseradish peroxidase”F 28

anti-rnouse [5G T+ anti—rabbit [2G{Amersharn Pharmacia, Uppsala, Sweden)

o[z A E deolld 1AT 308 B AT washing buffer2 83 Al
g

-

F ECL({Amersharn Pharmacia)= A0 H-ray B50 ZEAF T
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A. Complex 19 &4 2AAAY TTFAO 9%} Chang Al TF9 A% FA839%

cell cycle Y& 54

D EZcglol AzAEAH e F4E5 AMStE 2 complexEe] S01FQ0 A
Ao g#H o2 MzolH Mz S24H0 JAED apoptosis”t FEHEIH, Al
F37 A DA &= EF FAH arrest?t 230 T Yo b complexr T4
2 AAf gt 3= 20 FH Hp gtk B 2 AFWAE complex 19
AAA] TTFAZE Chang ME9 S4FHos ot 35 DA =3 HEH
Qo TTFAE 4W0uM =52 AZT Mzel AZEE 2 HEE Bl 24
AZF o] FRE Sk oFlR 4 & o2b FAEA AsEs ds wEE 5 3]
% THFig, 3A). F5F TTFAZF &8 HEF7E amest AZC2H HF Z40
e s A9z ZFUE7] A# asynchronous 22 E 484 7WLA] TTFAS &
2] 5t FACS analysisE S8 4% Ao, A=A @22 Alze A=zs7] {
Mo vl FHE HEE WY 5 §F 0 Fe 3B

B. TTFAE A=t Chang AlTolA9] AlEF7] Az 74

Fig, 39 234 TTFAC 93 Az H4FE2 As=3TH 57 Az 57
o arrest = 42 Wakmla] goog AA A HEFF] LD E H WEF
7l A5l MzsE 25 SEE AlZzF7] AA4(G1S boundary) 22 T 4
25 AP G1/5 AAM synchronize® MEE thymidineC] Sls &4 B
A& olE5l A release AF|HH TTFAS A=SH A Z(TTFAE A2 514
e Azeiizd Azx37 J¥H25E BusE T TTFAE A=EA @#22
HEF9 AEF oA Glez 20k M 184 3n 43 91| TTFAE
AZE Mz of 247 29 As JEHE > JFchFig 4),
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C. TTFAY =50 OE Ax57 AATY 4

TTFA® A3t A 237 A4 n AUERS TTFAY E0E0 7S
243517 Ha#lH TTFA 558 200 400 200 e =22 AI] F(1847H F
M AL E BuEEE O, TTFAS A= 2 o vlui] dlzs7 7
AEIG7 5o gEdoz2 Uehts A& BERE 5 9 o MEF7] A
Man FHWFIAE mtenorne(fcomplex 1 AHSHADO W antimycin A (complex 1
HMADE ol EF EHEME 21 HA $E complex [ AAC] 93 U
Ettbs Eo0lE9 4oz HAACFig, 5

D. TTFAO 93t Alx37] d34n AA7ala 2AFHQ 74

TTFAY 9= Uelut= Mz37 dan AAza7 28 $7d e Ex
AFEAE YEEAE F452 HH TTFAE A= F 2D 404
A MEZE Dot 2AT & AlFEdA 2 F7(GL S & GAHMY] FEE
o Q= Mz vEs =Y BAFcrA 2 379 FHin & 2F59
ot TTFad 23+ 2 F29 njzs AGEZHE #4507 A8 4 F71(GL
S 2k Go/nDe BExod BExsHa F deo=z o H=g FAHF
@hot g A3 Al dels ARME 24EE o o E 24 B o SiH
a3 vlaAl Gl 5 2F GE/MH d2ls AR 25 168 S718 Aez H
of, & 70l 2L5 IR A= A5 IS HFs 64), AZTF7] FH
o4 Sold oz WHsHE BHAQ cycling WH AL S BlWSF 3 cyclin A
ot eyclin DIOIAM B& TTFAM 9= ®EFT AR} &FE A4 A0 35
HEEE A WEF S99k o @38 TTFAM 25+ A= 43E A &
e AxE SET AXF7 FEA77] B0 d9EQ AxS7] A4 n
E A9AAE A5 & 5 YAz 6B,

I—J

=
45 F

o

rﬂ

E. TTFAOl 95t Al 57 A9 a53el ATP Tdao Ady 54
Corplex 1 & TCA cyeled 4 84%0 FAM AZEAEA FHdat=rH,
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TTFAY 93 complex 19 45 AAAT 5, FaAEAY FHo] A
=] AlEW ATP &HE&0] AeE Aoz HAEGT 182z TTPA A EF
7l AVERF A 2R ATP € At 93 0] ofdPtE dotR 7 4
H TTFAX 95+ MEW ATP 49 #HEE S8 25Th Low slucose
DMEM BiZ] 2 8SFAlT] MEo] TTFA (400 uMDE ATSE S A EZWA ATE
k2 I FoHZF 17 prnolfle lysate) Bl WAl 382 A& 40] Sl WEE
Ho|Z] g5k 482 7Rl tHEF 9 S500E T(2F 7 prclilg lyste)2 LS
A= W o SIFTHFie 7A) 38U AlZS519 AAEAE 244 T o F]
T Fojnz 4gAThe] ATPYRY Tb AlZ 37 A9 AFE nAAE
wE Aoz MG Dy A2 Fa ATP 242 Q5h 4% FlsdE
BiAISE] 84 high glucese DMEM BHZA]E o] &5t H|EW ATP =8& =
¢ ARl TTFAE A=5td BlWSISH High glucese CMEM HAIZ AlXE
£ WS HEF9] low glucose DMEM BHZ| ol 4 BHSFSE Al ol B3 M| E1
ATPYOl <F 1 278 de= UED high glucose DMEM  HRAY]
TTFAE A2|3t 3% 4823 59 HlZW ATP 79| low glucose DMEM H
A9 zd 502 fAE ds TEF 5 JFO o THA 24 a8ATH
F9 AlxF7 FEFig 7B obfF¥ FFFE 7 2HLD, synchronize I3
9 high glucese DMEM BHZH T TTFA 400 phell 95 AlE57] Al
T AHEHdE T TEE S OFig 7). o E3E TTFAM st AxF
7l FHan AHENE ATP $ds Hskg A3 ofdE =els 5 qlsih

E. TTFA 293t &3 2 443 hasiAlof] 9gk F38 4

AA & 7A

Haoha) AzEEA A 45 AFxHEd A ENE ATR SAZH4et &
Ak Hd E5 FlelEs Eler B0 0 oM OEer g A Az
FAA ZFd AL HE FaAE F2 ocomplex 13 complex Iz YA &
Ch#% 22 B0 complex T01M T EE4470 HEE0E 37 in vito 4
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5 E81 21 F vl F0.F complex 19 QPs1 TURIOE 7 C
elegancedld 27 =7 YRS o, FE427 HAEFE Fledol 50 3
2 2H® complex 1 FEGA Qs Fd4a HHol 270 HxzF7] AE
£ REWE Fledo AAEHD O oz TTFA Ao 9= AH=z A F
o4 Fdiba HHo] FrlEteRlE et TTFAE og =&(s0 100,
200, 400, 800, 1200 pM, 158 =9t A=olld A2|5d DCFH-DA* B A=E
W 27 42 HEs WHEEIGE o FE4L Mol o gEder
Zbehe A& HEHTFie 8). olEt FAdda HH2 TTFA AR F 2 RH
F5A E7E R fAE s de BUSE OFie g4y, TR EAE 4L
7t NEZECotz R HEEI=AE Lotir dAwH DHRIZE ARESHA
o o] @ell 4% DCFH-DACIA et &2 d3& Yelis A& Hob TTFAd
gt Fiad4t4 o Mol nEREEzotold FHEE AUs A7 FHQIF
S HthFig 9B H4E FHHAES FAFAG  trelox,  d-tocopherol,
ascarbate® O EdA AAE A& WEENITE trelox 1000 200 pME a
—tecopherol 100 pME ©F AZ|#E O Bix2F 5 oEl2 AR = d5 &
e £ 53, TTFAE A=ZEE AZAl trolex 2} a-tocopherdE 28 25 100,
200 pME Az2lA] TTFRAC 2= HEE Fd415 AA" 5 SIS THFe 90,
3 ascorbetel] e F-E4447 S22bEl A5 WA o Flde o
a4 BEELAlE @2 8F B16F10 rmurine melanoma Al EY ascorbate A 2|4

provxidant® 4 ZHE25t0hE 53 gl ®

G. TTFAY 23t AlF U Redox status(GSH / GSSG) ¥3 ¥4

TTFAX 93 27 4427 A ZW redox status®] HH BHEE 50| =3
£ 57 A AZW FEEA 24 e FHEE DAY glutathionsdE
AT e JAAEA GAlo AT AZW glutathions2] $1EH0] el &
73 BRE F A ZA rotenone (100 pbi), TTFA (100 pM), antimycin A (50
P, KCN (1 mMIE 1A A5 3 AlZW glutathions?] 557 rotenons2t
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TTFAS WS o HE 39 40- 70262 SHF] Ta=EE o] 21 Hul gl
0¥ 2 dFo4E Chang AT TTFAE AHsde o Az =
GSH/(GSH +G35&Hlle 484K 2 93 gle 9, G55G(oxidized
GSH)9 282 15850 #a 54 275 484 791E] AlgdE ez 75 A
o] Foke TTFRAY g3 270 48 4429 27 2345

1

O
_CI'I_I_
2

ledEls Aoz B SR 104) OlADE T IR Iolas] di B
AR29 2718 4807743 BASRE W 2407 FREH 954 SrEs
70| 22153 THFig, 10B),
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Cytoplasmic side

AH+ e

MADH
Succimate

\ TCA cycle Malrix side

Fig 1 Mitochondrial oxidative phosphorylation system The fowr
respiratory chain complexs and ATE synthase complex are shown embedded
in the inner mitochondrial membrane with the matriz side of the membrane
at the bottorn The narrow black arrows indcate electron flow  along  the
respiratory chain fromm MADH- and FADH-linked substrates to  molecular
oxvegen, The thick black arrows show the locations where protons  are
pumnped  to the covtosolic =side of the inner rmembrane,  creating  an
glectrochemical gradient for protons across the inner membrane, and  the
direction of proton movernent through the ATPE synthase complex used to
drive ATF synthesis,
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Fig 2 A structure complex I (succinateiubiguinone oxidoreductase),
The complex comprises four subunits, FlavoproteintPp), [on—sulfir proteinlp),
and the two gquinone—hinding proteins(@Ps] and 2) The electron transfer path

iz indicated b the lines and arroes,
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Fig. 3 Cellular growwth rate and cell cycle characteristics of Chang
cells treated with TTFA. (A) Cell proliferation following TTFA treatrment,
Cells were incukated with low glucese DMEM containing TTFEA (400 g up
to 72k Cell preliferation was rmonitered b counting wiable(trypan blue
exclusion) cells at each of these points in hemocytometer, (==p=<0005) (B)
Hepresentative cell cycle pattern of TTFA-treated cells analyzed v FACS
Chang cells were treated with DMEM containing TTFA (400 phD) up to 48 h,
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Fig 4 Effect of TTFA on cell cycle progression, After Chang cells were
synchronized by double  thymidine block and  then, it was released and
incubated with low glucose DMEM wwith or witheut TTFA (400 ph) fer up
to 40 h o 24 h Arnd they were harvested at the indicated times and,
perforned with FACS analysis,
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Fig 6 Effect of TTFA on duration of each cell cycle phase and
expression level of cyclins (A) After Chang cells were sytichronized by
double thymidine block method, it was released inculbmted with low glucose
CMEM with or without TTFA (400 pM) for up to 40 h or 24 h And they
wers harvested at sach time peints, performed swrith PACS analisis (rp=005,
»p(0 005 compared to O h cells) (B) As the same times, the expression
level of cycline was detected by Western blotting with antibodies cvclin 1,

cyclin A,
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Fig 7. Effect of TTFA on cellular ATP levels and cell cycle delay, (A4)
Chang cells were ineubated with low glucose DMEM(open bar) and high
glucose DMEM (closed bar) with or without TTFA (400 pMD and collected for
measurement of total ecellular ATP level (»p<0001, compared to non—treated
cells.) (B) At the same conditions described above, cell cycle was analyzed
b flowr cvtometry,
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Fig 7. (C) The effect of ATP suppliment on cell eycle delay induced by
TTFA, Chang cells were inculbsted with low glucose DMEM or hish glucose
DMEM in the pressnce or absence of TTFA (400 phD) for up to 48 b
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Fig. 8 Dose—dependent effect of TTFA on HOS generation, Chang cells
were incubated with warious concentrations of TTFA for 15 rin, Cells were
preleaded with 10 phM DCFH-DA fer 5 min and incubeted at 376 for another
15 min after TTFA treatmnent (+p<005 ++p<0005 compared to non—treated
cells,)
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Fig 9 Time—course intracellular HOS generation induced by TTFA and
effect of antioxdants on the HOS generation. Cells were preloaded with
10 pM DCFH-DACA) and DHRI123(E) for 5 min and follewed by TTFA
treatrnent for the indicated titpes (Z) Chang cells were pretreated with
indicated concentrations of trolox, dtocopherol, ascorlate for 1 b before being
exposed to 400 pM TTFA for 15 rmin, (s 005 ++p<0005 corpared to

not—treated cells,)
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Fig 10. Changes of intracellular GSH/GSSG status and sustained RHOS
generation by TTFA in Chang cells, (A) Cells were treated with TTFA
(400 pM), At the indicated tirnes, total cell lrsate were obtained for the
determination of GSH, and the amount of intracellular G5H and G553 was
calculatedexpressed as percentage of controll (B) Cells were treated with
TTFA for the indicated times, and incubated with 10 pb DCFH-DA at 37€

for 15 mmin,  (xp=<005 <0005 cormpared  to non—treated cells)
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