|

) <

The University of Osaka
Institutional Knowledge Archive

Title |2 MFMREEFRICY VETHRROEFLL,
ZDEBRRABIER~OESICET 2%

Author(s) | =15, &

Citation |KFRKZ, 1996, EHIHwX

Version Type|VoR

URL https://doi.org/10.11501/3110189

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka






Ty NFHREHRIEX / D EXBRROEE L.
ZOEFERRBIERNOBASICEATIME

==



...................................................................................................... y
...................................................................................................... 6
B—8 Sy MEEANIEX/ L ELWICIER/ —VAKEKDDHE - 6
8 HBhOIEX/ D ESVICIEX/ —LEREDHF oo 6

TE MBS LUBREAPOIER /D ESUICAEX S/ —ILA
BEARD PTG coevvevemsermeem ettt 9

FZE MBKAFOIEX/ D E SR/ — LEKED
ﬁ\ﬂ; .............................................................................. 20
EIOET BRP EUNEE oo e 20
BoE Ty MIHAIES ) VBETERROMBIER v 26
B 2B/ RTEROIFEA DT e 26

BE FFMREIEX/ CEBTEBREBNOS /) ETHEERE
@Eﬁ ........................................................................... 31
BT BB EU/E et 43
B=EE Jv MTRREIEY / VBTEEROME - 46
E—E FMREIEX/ CBrBREERERGEOERES - 46
BE ATHIRREIE S SRTEEROME oo 52
B=H FMREIEX/ CEXERILEZIES/ VETHE - 63
EMET EBERE L UVE coooecrerrrre i e e 66

BUE Sv MIHIRELEY/ CETEBRICLIEEENIEX /L0

i%i .................................................................................... ,69

F—E FMREIEX/ ETERICLIEEERIES )
0))%7—13 ........................................................................... 69

BIE AFANIEX/ COBRTHRCHTIMBEEIES ) >
ETCEETE DB o 74



I 23 s 7L - OO 75
BEE Jv MHRELE X/ U ExEROBE:ER{ERISHIEIR - 78
F—H MREEIEX/ VETERICL S 2,2-Azobis (2,4-dimethyl-

valeronitrile) 8538 Liposomes BRiE E.&BLRICOINE] ---oooo 79
SEH MREIEX/ FEBEIC K 32,2'-Azobis(2-amidino-

propane) Dihydrochloride 55 3 7 OV — L[Sl &R 8

AETRIS I «-vververerremseseesreseriesseneseereessessssssee st sanans 85
ETE EIRE L U/E oot s 89

BARE X/ 10855y Mo ITIIFABRELE X/ L BETEE

EED LR & MR LRFEFEITRIERIEDIE K --ormerrmerereneneee 93
B8 AEX/10BEDTy MTIRARBIERADE e 93

FBTE AEX/ 1057y FOMB{LRFFEFRIERME
iéaéj(t\ %g)ﬁgﬁﬁ*%}:}vj ................................................... 101
%Eﬁ’ﬁ %QBJ\'U"/J\*E ............................................................ 113
%‘bﬁ *@j% ................................................................................. 117
Eﬁl\ﬁ ﬁ:gﬁ ................................................................................. 123
%ﬁ ................................................................................................... 124
gl m j(ﬂ ............................................................................................. 125

-ii-



# W

3 E & / > (Ubiquinon, UQ) (& 2,3-Dimethoxy-5-methyl-6-multiprenyl-1,4-
benzoquinone IBE € H T 3 —EDLENEHORIKETH 5, FRAICIE. UQ .
1940 £ Moore & Rajagopal ' #°, 5 v MFEOBEEHHES » 5 275nm (CIRIUEL
ERTMEE L TRELAEDHIRDTHS, Z20OH. ZOWEIE Morton 5 DERRR T IL—
TN&Y ., ITDOBEORS ACMES D SEB S h /-, —F. 1957 £ Crane 5
Vi, IPREER OMEHIC, TOHI LIS RYT L SIFERED BREEICRAR
LH /L&MW E LT Coenzyme Q % KE ICHBE L /=, 1958 f(C Coenzyme Q. &K
WTUQ DIEREENRES L, MEFR—METH3 Z EHHBEAL - 99, ARRAIC
. 6RIDAIVTL /A FRISEHOBE M (n) Ik W UQ-1 25 UQ-13 DREEEHN B H
SRTVD Fig1 k), £ b ERHBOBFHMIE UQ-10 2E—D UQ AlkfkE LT
BN, Ty FOLIICERERD UQ-9 Dbz, BIRAEIKRES LT UQ-10 28T
bNHH 39,

UQ I b2 RUTARBICHEET 3WIRE (BTFEER) DL BIBRKS THI) .
77ECERE OB KERBER (ComplexI # % UL\ (& Complex II) #* 5 Cytochrome
bc; BEW Complex I NDEFDEEEL . ZhERBZL AT7DO o ORERFEICE
SL. I FICFRYT7REORMITO CAEREZFKEL T, BB TEOWIET
HEZ ATP ICERT 3 B{LY ) SR O—8B 2B - T3, LAL. UQ IS+
AR TEGTELS, ILIEMIPI ooy —LE 020 & T3 SMIBRA LS

0 H
CH30 CHgz CH30 CHj,
CH40 N H  CHs0 N H
n
CH; OH CH,
Ubiquinone-n Ubiquinol-n
(Oxidized Form) (Reduced Form)

Fig.1 Chemical Structures of Oxidized and Reduced Forms of Ubiquinones
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SV CHHFEETBIEFAMOATVS, BPUQ I FaL RUTHRETEER.
Eh3bDEFEZLNTWELAD, ZheI baFUT74HUQ RS O R 7HE
NDHNEEZSNT &, LA L, 1987 £, Kalén 532, UQ BEEEY T v MET
270V-—LEERICHODEETSIIELEERL.UQAUTFLEI PO RFUTEGT
EARSNBDTREAVEEBL ML, 8510, 20K, MROMBEETS 3/
k(X /0OV—LE) —TdLIESIFLIEPY TEL, NILEFFSY—LESOET
DHIEATILH 2 FIC. UQ £SO FERESE T $ 3 Nonaprenyl-4-hydroxybenzoate
(NPHB) Transferase ;&1 L. UQ AREMI 2 ZEMBAS pIcEhA 1, &
hWoDEELS., BL4OMIBARFINVIRIICEETIUQ . ZhZhOFILHRFIC
FETIERRICEVEEREINAEBDTHIEELISIhTWVWS, LErHIhSFILH
ZSDOUQ . 20D LY DEHSPBEE (X / L 8) Tilh < BT (F/ —LE) D
2E# / —JL Ubiquinol, UQH,) Fig. 14) & L THEET 3 Z L HEEE hTuL 319,
LELEY S, SASI FICRYTPHICEETI UQ Y., EOLD LEIEIKEIZE >
TWBPERES A THEL, ZLOELEEDH TV,

T hIACRYTHUQ OEBERICEAL TR, T TICETRBERANDOREE., &&
FED#EE 19 X Phospholipase M M OE . &5, TAJEKE PRER 18 ¢
. ISP RYTERKRICEFRERE U THEEL TWATJREMI BRI hTL 3,

UQ OHMEEIE/EA ISR L T, 1966 . Mellors & Tappel 94'3 ha L KUY 7
(XT3 UQHL-6 DIMBS{EERZ8HE LTRE. B<L<0OREIH3, ThoICEhif,
UQHo, I b R 7 0223t <, OMBRAILHZTE D
Liposomes [ 7% & D EFEET L2420 (KHEY KEGE (Low Density Lipoprotein,
LDL) 2 &IC s SIEERMIERISEHM T3 LHEIhTW3, Lrb, MiE
LDL & & T DOREDIRES TlE. UQH, ¥ « -Tocopherol (CIUEI T 3 38 WHER{LIER %
BT EPrBOHLATNS P8 %72 UQH, I3 «-Tocopherol #3777 3 41k
BREFLVRICENTE. BEBERICEVLBES VANV EHEETHI LI TELE
a -Tocopheroxyl 7 AV %, BU a-Tocopherol N\BA T3 Z &2 &) RHEAYICIE
ERBIERICEMHE THERAI $3 2 L bREI M TV3E B0 =k 512, invitro
BT 21RET TR, BoBO UQH, DAPRBMLERE2E T3 2 EBHO R TV 3B,

—7. invivo lIZH(TBHETTIE. B{EE D UQ HBUQH, & BERRICHBRIED RO &
BIENHRBEINTVS, ThhHhb, UQ EEMIICRIIRS T A &IC&Y) . EWMICL D
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TT D IERTEN 23 | R - HROERN - BBARBE P, IR rEY LY ay
7 303N 215 A NS E BRRILRUSH BEICHS S h, BEFBIE N5 2 s
ShTW3B, D invitro & invivo \IZE T3 UQ OIER{LEED &L . BEEEID UQ %
UQH, "B 38 LR ICHERET 3 EThIERSICHEI» <, B, UQ % &)
WHE L 58, £ERICBYAZ M AUQ DALY OSSP UQH, £ > T3
TENHEIR TN O, £ MFPOUQR. ZOIEFEAENUQH, ELTHE
ET3 A0, ZORTHE IEF/ > (UQ=UQ & UQH, D) B8 T 3
UQH; ENEIE] . UQ #8MICBE5 T3 Lic kY, MROD UQ S5 #IN& ¢ /<18
BTHBREAETLEVEREIRTVWE D), ChoDEEIR, BHICUQ #
UQHL IOETT T B EN R RANICTEETE L2 R"ET 3,

EFEOUQPI P RYTRAMIBIELSBH L. LI HZO—BHTAVELE
BHEET3UQH, THd ik, EROELS ICEFRBIERD—#EHB-> T3 ET
hE, BV REFHDLIICBEDNB, LALEYS, ZhEX A3 UQBETOR
BIZOVWTWE., ZThE THAEBIATULEY, I I RY 7OMESEE. UQ OB
ERTET-> TV, OFLHF XSO UQEBTICHEELTVWB EEZI3NDIE.
RREEEEZ 3 EEBBIH D, LA >T, UQH, R THERERIE LTEV TV
ZAEMIE. I PR TLIGMILER S UQ BETRIEET I N E I ML > T
BICES3EEDLS,

ZITEERI PN THUQ OEBER BT IMEO—BE LT, Ty
MERXPHEIRAICH TS UQ REE &£ UQH, REEOSH (B—5) & 5 U2 UQ Bt
BEREEON ERMICANS BIE), Z0ORR. B - 880 uQ OBTRIT,
ZENFRH U LMIBE O NADPH (kFiE UQ RTEEREM CHBRIT 5 2 £ £530
o ZZT. ZOMIBE UQBETHRDEME WAL M LAL B EB=E). HEN
D UQ BT E Z DBITHROMIEICH L THRONEREEHEOZ £ 2B o /1 EmE),
S50, AEERE, MIEARANHRIENUQ BT EHEB L TIEERRRLICH T 384
BEEERLTWAZE2AVHLE RS EAB) DT, MTERT 3,



AAPH
ADP
2'5'-ADP
AMP
AMVN
ATP
BHT
BSA
-CCl,
CCiz00-
CCly
Cu?*zZn?*-s0D
DCPIP
ECD
EDTA
FAD
FMN
GSH
GSSG .
Ho05
HPLC
K-Pi
LDH
LDL

LH

Le

LOO-
LOOH
MDA

[=F=]=]

BH. KXPTRUTOBREZRVWE,

: 2,2'-Azobis(2-amidinopropane) Dihydrochloride

. Adenosine 5'-diphosphate

: Adenosine 2',5'-diphosphate

. Adenosine 5'-monophosphate

1 2,2'-Azobis(2,4-dimethylvaleronitrile)

: Adenosine Triphosphate

: Butylated Hydroxytoluene

. Bovine Serum Albumin

: Trichloromethyl Radical

. Trichloromethyiperoxy Radical
. Mig{bRFE

: Cu2+,2n2+-containing Superoxide Dismutase

: 2,6-Dichlorophenolindophenol

. Electrochemical Detection

. Ethylenediaminetetraacetic Acid

: Flavin Adenine Dinucleotide

. Flavin Mononucleotide

. =cE! Glutathione
. ER{LAE! Glutathione

: BER(EKE
: High Performance Liquid Chromatography

: Potassium Phosphate

: Lactate Dehydrogenase

: Low Density Lipoprotein
. (FeaffEfrBREHR) fBE
: BESTUHI

: BEARLEXOZTAN
D EEALEFSR

. Malondialdehyde
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Mg?*-ATPase
Mn2+-SOD
Na*-K*-ATPase
NAD*

NADH

NADP*

NADPH

NADH-UQ Reductase
NADPH-UQ Reductase:
NMN

NMNH
NPHB

: Na*, K*-insensitive Mg2*-ATPase

: Mn2+-containing Superoxide Dismutase

: Na*, K*-sensitive Mg2*-ATPase

: Nicotinamide Adenine Dinucleotide (Oxidized Form)
: Nicotinamide Adenine Dinucleotide (Reduced Form)

: Nicotinamide Adenine Dinucleotide Phosphate

(Oxidized Form)

: Nicotinamide Adenine Dinucleotide Phosphate

(Reduced Form)

. NADH-dependent Ubiquinone Reductase

NADPH-dependent Ubiquinone Reductase

. Nicotinamide Mononucieotide

: Nicotinamide Mononucleotide (Reduced Form)
: Nonaprenyl-4-hydroxybenzoate

: Superoxide Anion

: Hydroxyl Radical

: Ribonucleic Acid

: Specific Pathogen Free

: Thiol

: Superoxide Dismutase

Thiobarbituric Acid RIS4)'E

: a-Tocopheroxyl Radical

D AEF/ en+ AEX J —Ib-n (n=1~13)
: AE X/ Lon(n=1~13)

: :Llff#/—}b-n(nﬂ ~13)

: AEEIX /T U HI-n(n=1~13)



7N iR
E—E Sv MAROIEX/CESTICIEX )/ —IVEAIEEDSH

UQ@M%u\Em@\EKSh:>FU7W@ﬁE$H6%%EE¢&LT@@
ENFRLTH-77, 207D, UQRINLTSEMNPIsyOv—-LE 100D ET3
I haYRYPZRISOMBES "ML EET 32 £ 1960 F£XKH S 1970 FER ]
DICH T TERRICHREEh TV, AEEDOEBREOMESHY . 2hiEI ba RV
THRDBDEEZLSN, ThEERUIHELAEN -z, &2 5P High
Performance Liquid Chromatography HPLC) DEIEIC & V). MELEFRMED B -
Bl - EEXTJREL E o722 NS5 UQ UEMIRBIEZ D ED -5 5 WA MIRRAF LY %
F OB Mg *NHEETE L LA BHREIBRVTEINB LI B TE ),
1990 %, Kalén 5™ I(C &), BEOMBEETH 30 A— T Ik IF LRI
THRIV-—LLSDSHSDSIMBENIC. UQEKDEEBEFETH 35 NPHB
Transferase &M & UQ AREMIBBEANEZ £0 5, TOERYBHITEE ED
5L o7z, EFEARDO UQ O—FIE, BISETED UQH, THD Z EHEES HIC
Eh T3 OMNOME 4 AR REICRIENSH38EbH Y. £EICHIIEI b
FU74HUQ DEEEREL X OEBMEREZMAO L LTI AHICE., UQ DEFRLH & -
BE(L - BIELANIIOWT, —EDHETRBEICHELRET I EPRAIRTSH B
EEZTzy ZZT, ETRAMCT v bEKRICE T3 UQ OAFH & ZDEEETL NI
KDOWTRETBZ &I LT,

B—8 #H{EPoaEEX/ LESTICAEX / - IIVRAKEDS T

UQ RIREDEFRRICEH T3 5% d. KA K 948 HPLC-UV ik 9%
HPLC-Mass Spectrometry % @ % E# BV TH L WHARNSh T34, FAICUQH,
FIREDEFRICE T35 H P 2O BITLALE TED TRAN RS Qb
W ZZTETAHIC. v MOZHEBICH T3 UQ AEEOSH & Z0EME - Bl
NIWCDWT, HPLC EBWTKRE T3 2 &IC L,
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(1)

ERAE

EREMS S UREBESRME:

8 J8Ks (170~180 g) DWistar ZlftE > » ~ (Specific Pathogen Free (SPF) &
M, BRI Iy —#hsltt) £V, RREAE TR 21 £1°C., BES55 +
5%ND1ER - [BRDOIEEF T2/ Y1 7L ORBBATRE 217> 7=, BFE (5K
MRZ by 7, BRI XIS —#XEH) LUK GREREEAK) EHER &
L. KERFAA 24 RERATICIER S ¥ /1,

HEFRE R~ FORE :

Ether BkE: L 7= 5 v FDOEKBREFAR & ¥ Heparin (1,000 U/ml) 0.2 ml 25 L
=R L. BEREREVIE U THMIE ¥/, U ASBBEEDHICAER
BRIBKTHESBLL-B, EEED4EZE V/W) D 0.25M Sucrose & 1mM
Ethylenediaminetetraacetate (EDTA) % & & 50mM Tris-HCI 2@ & pH7.4) # &
MU, RICChSEMBENY I THAICLAE., F70KESF149 -5 H
WTEHBAES X — FEMER L7z, BOWAZRBEBAT S 2 — M. 2KER /-
H—ETEAL =%, ERICAW:, HEBHBEOREL TR TKAT (4 C) Tfo
7=
MEEDRHH :

Zwv % Ether REFTRIEL. V2> F2—7 @ mml.D.x 100 mm) H—i
(ESE @1G, 7E) ERY M U ABEROBR EEABRKICER LT, U
Fa—TJEB->THRIHEZM%& %, Heparin DA - =EDLIHEME (FILE) IS
L7, 515, Bo5h/MiE%E 4 CT1,500xg,10 SREED L THME£EB 7,
UQ B &L U'UQH, BiRfADHH L 5 ICEER ¢

BRIy VEICHBAET DX — bH S WIMEE, 100 1| & 50mM Tris-HCI
&R (pH7.4), 400 !, Ethanol, 2 ml," n-Hexane, 5ml %/ Z. 80 rpm, 10 4[4
WiRED ¢332 &k, #HT0 UQ &5 FICUQH, AiEFE£#HE LA, KW
T1,500x g, 109E&R DL, EBD n-Hexane B#. FINBEIEy VEIZHEL .
BFRAT. O—2U—INKL—-2 -2t HVWVTHEEERE - D= U, BEIC
50~500 u1 0 Ethanol ZIEHEICHIZ. HPLC Otk & L7z, HElho UQ LU
UQH, HIEAEDKRE « T8I, Okamoto 5N HE DAV, BEH LU

-7-



HPLC &HIZUTISRUAEEY TH B,

rE
Pump : Shimazu LC-3A (&#8UERR)
Detector :Irica E-502 Amperometric Detector (irica)
HPLC &% :
Column : Finepak SIL Cyg.5 (4.6 mm 1.D. x 250 mm, BA&%¢)

Mobile Phase : 50mM NaClO4 % & & C,H50H/CH30H/CH3CN/70%
HCIO4 (400 : 300 : 300 : 1, v/v/v/v)

Flow Rate :1 ml/min
Detection c BREF 2R (Electrochemical Detection, ECD)

(Applied Potential = +0.6 V vs Ag/AgClI, Sensitivity = 8 nA)

(5) EAEENEES :
Lowry 5D HEV 2HVWTEE L, EAHEE XS O Bovine Serum
Albumin (BAS) (Fraction V, Sigma) Z W TER L /-1 BIR L VEH L 7=,

ERER

Zv FOBHEBEILT UQRIKEEER. LAdE UQ REEXD tUQ-9 D, %
DELZ 11~52% EDtUQ-10 2 EEL Z L 288 /- (Table 1), Zh 5 UQ RAkkED—
BGETE O UQH, BERE U THRE S hiz/o. SBICH 113 UQ RIEHDEBT
REZRANIEZ A A—HEBPO tUQ-9 & tUQ-10 DBETCLERDMICERIZ D5 h
o7, LAL., #HBRITHER T L. ZOETHFREG, MR EFRTE 70% » 5
80%. Ui, B, 12H8 Tl 10% 7 5 30% &, #BICL ) RKWICREBZ EHBH SN
oo BH. UQ OMHBMER., SHEOREY X — FMARBESICT->TH Y RGN
HE 10 7LIA). ZOMEBRDZETLERDEV &, BRSO UQH, OBLD =8
THEWZ &G, UQH, OFMN - BUINERTHEIPOH S iz, MENS. Ty PORIEL
EMEAEE LT UQ-9 £ UQ-10 &4, ZO—EBIE UQH, DI THEETZ 2 &, L
b, TOETHREIFCAFATHELDBEBICLVELBZZENESH EL -1,



Table 1
Distribution of Ubiquinone and Ubiquinol Homologues in Rat Tissues

Tissues Rats UQ-9 Contents @ Redox Ratios ~ UQ-10 Contents @ Redox Ratios
M  wab UQH, oftlUQ-9% (%) tUQb UQH,  oftUQ-109 (%)
Plasma 8 0.48x0.01 0.39+0.02 82.1+7.3 0.12+0.01 0.09+0.01 75.9+8.5
Liver 7 105.1x2.3 78.0+£3.8 74.5+10.5 18.8x1.1 12.7+1.0 67.4+£5.1
Heart 5 188.4:5.8  17.4+0.4 9.3+0.7 21.6+0.6 1.88+0.05 8.8+0.8

Kidney 4 122.6+3.6 19.9+0.9 16.2+2.8 31.8:0.9 4.89+0.09 15.3+2.8
4

Spleen 75.9+3.2 22.4+0.8 29.8+3.9 39.6+1.0 9.77+0.23 24.7+0.7

The values are the means + SE of the number of rats listed.

) The values are defined as ug/ml plasma or ug/g wet tissues.

B} The sum of oxidized and reduced forms of UQ of each of the homologues.
¢ (UQH,tUQ) x 100.

B HESLUBRHOIEX/ D ES5TICAER /) - VRKEDO %

RIENT. Jv MEBHRO UQ &5 ICUQH, BIEEARD R H AN &2 3, M
PHEBOL 2I1CtUQ DBRTEERHI 70% » 5 80% L SVEK S . L. BE. BRO
F21210% » 5 30% LEVEBEY & -7/ Z 2T, BRSO S EVBEIC
22UV, UQ % 5 TS UQH, BIiREDMIASH & ZOBTHEERARNZ Z LI L 1,

REBFHE

(1) =& :
B—Ei. REBRAEON)CRE. 8iBEs (170~180 g) ® Wistar RiEMS v +
(SPF &4, BRI XTI ¥ —#%RE4t) # BV,
(2) fREY OH :
O BIMPEES OREK :
5y b % Ether FREXTBIBEL . MEABIR £IMF 75 = L1c & V) MMFE & & /o,
ORI, BiEEZOEE, FEEMRE Y AEERIEK20m #BAS S, B L~
BEH L., ZhZhEPPIEEED 4 58 (/W) D 0.25M Sucrose & 1mM
EDTA 2&6 50mM Tris-HCI #EE% (pH7.4) % 3RM L T/\H I THEC U 7=,

-9-



FT7O0CEKEIFAY-—ERVWTHEREIVR—MILAE, FEIVR—-PMI2HE DL
1A —ETHRABL %, EPHIC Hogeboom DEXREENEDUAEE S ICk Y . H
1%E 4% 600 x g, 10 49 D DEEE ). £ b3 K PES 6,500 g, 20 9D
ROLKER), Y)Y/~ LES (10,000 x g, 15 FORLILEES). 370
v — LIEE % (105,000 X g, 60 9 O3& DL EiE %) . #i2E (105,000 x g, 60 9D
WO LEBER) ICHBE L, ZOPEREICSVT, LFES EXBESDER
HETEBRYSDICIETAE. ROBHEICEDI LI ICLE, FE SR 0.25M
Sucrose & 1mM EDTA #& ¢ 50mM Tris-HCI #2E&7& pH7.4) T3 E%% L. %
MDFETES S E L, b, BIEETRTKAT (4C) Tiro 7,
@ WHRIZESH DR : |
L EODEMETH - HIZES % 0.25M Sucrose, 25mM KCl, 5mM MgCl, #
& 50mM Tris-HCI $8&17& pH7.4) T3E%%S L. RBEERICHEESRL /-4,
Blobel & Potter M7k %2 ICHEV FEBUKEI S & AR L7z, 185 N/-ERKES (1.
BEHED 0.25M Sucrose & 1mM EDTA #& & 50mM Tris-HCI #2&7 % (pH7.4)
CEEB L TRV, BERTRTKAT (4C) Tio k.
® Bk, ¥/IVESHES B & U Nucleolar wash B4 DEESL :
EEEQMIRE T /- HEULES £ V). Muramatsu & Busch D757 ¥ (ZhE L,
ME, #%/MESNE S $ £ U Nucleolar wash B 28 L 7=, B85 h/=/\vk
B . @Y E D 0.25M Sucrose & 1mM EDTA %2& & 50mM Tris-HCI #2E1&
PH7.4) ICERE U THW:, —F. #IVE5ES & U Nucleolar wash B4 4.
ZTOEEFAWNE, BIEETAXTKAT (4C) Ciro i,
@ IFICKUTARE, SFICKRYT7HE, Ry 22BL0
Intermembrane Space E4% DFRH :
LEODRIMETH/AZI b KU TES % 10mM Tris-HCI #2E 7% (PH7 4)
(CEEB U 7-7%. Sottacasa SNHESICH V. I I FU7RE, 3 b
FUTPHEE, ¥ bYUy 7 XL Intermembrane Space B # AL =, BS
h7=I P RYTPAHABESS LTI FOL RYTHEBEN L. ZhPhEls
@ 0.25M Sucrose & 1TmM EDTA % &€ 50mM Tris-HCI $2 &7 (pH7 .4) ICRES
LTHWE, —FA. 7 by 7B LU Intermembrane Space B4R . 2O E
THW:, BEQETXTKAET (4C) TfrHo 7=

-10-



® BV VY-LEHORY:

LREODRETHIE) VY- LES % 0.25M Sucrose T 2[@3%ke L. 18
Shi-iLEE Y & HEITEEE 39 $7/=4) 1 ml D 0.25M Sucrose (B85 L 7-74.
Wattiaux 5 D75k PUIREVY, Ly-1,Ly-2,Lly-3 BL U Ly-4 EH AR L 1=, 1B
5hizLy-1,Ly-2,Ly-3 &V Ly-4 BN, ZhZENE D 0.25M Sucrose
& 1mM EDTA 2 &€ 50mM Tris-HCI #2&5% PH7.4) (BB L TRV, B1EE
TRTKAT (4°C) TiFo 720

® JITHEESORY :

Ehrenreich 5 M7k g vy, 8BE (170~180 g) O Wistar RIS
b SPFEM, BARIIINY —#%XEH) DFB L) . GFy B % (Light
Fraction) . GF, B4 (Intermediate Fraction) & & Uf GF3; B4 (Heavy Fraction)
POBRBZIDDINIHERERNL/:, BohATdLIHEN IR, ThFhE
HE D 0.25M Sucrose & 1mM EDTA #& & 50mM Tris-HC! 8% % (pH7.4) (=
B8 L TR\, BEETXTKAT (4C) Tfro =,

@ HEII/AV-LESLSVBEI 70V -LBEESOHH :

LEODBETH/AI s 0V — LES % 0.25M Sucrose SEHEICEES L.
2M Sucrose AR THLRE 1.15M Sucrose &5 3 & HFAE L /=, lkehara &
Pitot DAE SNV, HEI 70V - LESLUBREII 70V — LBES 55
WUk, BONLBEIV/OV-LESSUEEI 7OV —-LEEY . 2hZ
hEZ 2D 0.25M Sucrose & 1mM EDTA %# £ 50mM Tris-HCI #8 @&
(PH7.4) ICREE L THW . BIEG TR TKAT (47C) Tfro 1=,

R EE S DR :

Koizumi 5 MDAk SBICHEVy. 8 IBHS (170~180 g) O Wistar Rt S v ~
SPFEM), BRI XTIV ~HA&H) OFE SV MBEES 2B/ LA, 25
h7-MEEES &, EHE D 0.25M Sucrose & 1TmM EDTA 4 4 50mM
Tris-HCI #RENR (pH7 .4) ICREB L TRV, BERTRTKAT (4 C) Tfro 7=,

(3) BEREMERIEE
D Succinate-cytochrome ¢ Reductase EM4BIEE ¢

Succinate-cytochrome ¢ Reductase j&14%(3. Tisdale DA% 59 & A T38|

E L7, ZMEBES D Succinate-cytochrome ¢ Reductase ;&% (3. Tisdale O
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RULEBERSET. 1 9B ALY ESHARESOEBE 1 mg " &ELT %
Cytochrome ¢ & (nmol/min/mg protein) & L TR L 7=,
@ Monoamine Oxidase J&4BITE % :

Monoamine Oxidase (EC 1. 4. 3. 4)&14(3. Nagatsu 7% 59 % v Tl
E L7z, &H2E %D Monoamine Oxidasé &M . Nagatsu DR U 78I EE
FF. 12 -)EHBESOEBRE 1 mgickWERT S
4-Hydroxyquinoline & (nmol/min/mg protein) & UL TR L 7=,

® Acid Phosphatase 7&M4HEITE -

Acid Phosphatase (EC 3. 1. 3.2) &£, Walter & Schiutt 7% 81 & Hu
THRIE L 7=, EHEZE S D Acid Phosphatase i&14(d. Walter & Schiitt DR L 7=
AERMGT. 1 MR &0 SMIBES O EAE 1 mg HPERERME EH4.8) F. Ml
K429 3 4-Nitrophenylphosphate £ (nmol/min/mg protein) & UL TR L 7=,

@ Catalase EMEBIEE : |

Catalase (EC 1. 11. 1. 6) i&£(d. Baudhuin > D5% 2 2 MO THEIE L 7=,
ZH 2 E 4% ) Catalase &% (. Baudhuin 5D UL ABIESRET. 1 9RIC
HoOp % 90% JHETIEREE 1unit LEHE L. SHREESOEAE 1mg H7-
V) D& (unit/mg protein) & L T/R L 7=,

® NADPH-cytochrome Reductase SE4£E|E % -

RIEEBIER ¥ 2 Xy M. 0.1M NaNg, 150 xl. 1% Cytochrome ¢, 150
©l. 0.2M K-Pi #R&%& (pH7.5),300 x| &BUED ZMIZES £ Ah. KEKT
12mlICEREL /&, 37 CT 2 pRAHEAL 2% . 0.05% Nicotinamide Adenine
Dinucleotide Phosphate (Reduced Form) (NADPH), 200 x| &ML . #KE 550
nmICH T IWAEEEIE 37 CTIHREERNICAEL 1z, SHBEES O
NADPH-cytochrome Reductase (EC 1. 6. 2. 4) &%t . 550 nm &+ 3
Cytochrome ¢ M EJVIREE 185 x103 M Tem™? 2Av., 1 & =) Sk
BESDEBE 1 mg »=Ex ¥ 3 Cytochrome ¢ & (nmol/min/mg protein) & L T
RU7Z,

® Lactate Dehydrogenase SEMBIE* :

Lactate Dehydrogenase (LDH, EC 1. 1. 1. 27) j&f%(&. Bergmeyer & Bernt

NFHES ERVCTHE Uk, SMILES D LDH jEM(E. Bergmeyer & Bernt
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RNUEBERGT. 1 5HH740 340 nm ICH T BRNE%E 1 BLE ¢ 3 EE
Ztunit EEEL, SHBEESDEAHE 1 mg & /-4 OEMH (unit/mg protein) &
LTmRLU 7%,
@ ATPase EHRITE !
Na*, K*-insensitive ATPase Mg2*-ATPase, EC 3. 6. 1. 3) &4t & 5 VI
Na*, K*-sensitive ATPase (Na*-K*-ATPase, EC 3. 6. 1. 3) ;&1 (2. Komatsu &
Fujii @75 ) £ BV TRIEL 72, EMIES O Mg?*-ATPase EtE 4 5 UFIC
Na*-K*-ATPase j&t£ (4. Komatsu & Fujii DR U-BIFERMAET. 1R6-VE
MREYOEOE 1mg MATP ENMTI I LIS LV MEREL 788 B8
(nmol/h/mg protein) & U TR L /=,
(4) ER-BEOES :
| B2 (L. Fiske & Subbarow DA% O EAWTEE L =, HRBhDE
WU BB, BEAIBO KHoPO, £V TR LARERE W EH UL,
(5) Ribonucleic Acid &8IFE % :
Ribonucleic Acid (RNA) &£ 3. Le Pecq & Paoletti D735 % £ B THIE L
7=, BHMIZES D RNA &2 (L. Calf Liver RNA (Type IV, Sigma) # AL THERL L
ERERIVEHL, SHRBEYOEAQE 1 mg %74 O RNA DS (hg/mg
protein) & L (/R U 7=,
(6) UQ &V UQH, BlikEDME L 5 FICEE :
F—E. EBRAKDCRHWNT- 1,
(7) EREENEE:
F—H. ERAROICRVWEE L,

KERER

(1) BMliEd LUBEMAIRAD UQ & 5 U UQH, BIiEHRDO ST
UQ % 5 TN UQH, B DOMBR AR 2 AN B ICH =0 . EBRICAV =S84
REYFANOMBESOBADCEEESEMCRET 2BE (v — 1 —EBX) S EIEE
ICRTE L7, FOSMIEESICS T2 Y —H—BREKE Table 2 (2, F ~BFIC
BUIEI—H—-BREEOLHIL Table3 ISRL A, FMBEESOMEE. UQ & S
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I UQH, ARG EEDLHHEICH2ME 2 3 LT E h i,

Table 2

Distribution of Marker Enzyme Activities in Intracellular Fractions of Rat Liver

Intracellular Fractions  Succinate- Acid NADPH- LDH Mg2+- Nar+-K+-
) cytochrome ¢ Phosphatase cytochrome ATPase ATPase

Reductase Reductase

Nuclei 71247 1.4+0.2 11.8:3.9 21214 5921 4.1:43

Mitochondria 100 9.0+£1.5 33.3+17.6 2.8+2.4 15.3:8.0 4.8:26.5

Crude Lysosomes 6.4x3.4 100 29.7+8.0 2.1+1.4 111204 9.7:42

Crude Microsomes 1.2+0.7 4.2+3.6 100 1.4+0.7 3.5+1.4 0.320.4

Cytosol 1.3+0.9 1.9x1.2 6.0+2.2 100 1.0£03 5.6+7.9

PlasmaMembranes 9.2+1.6 4.322.0 25.4x1.9 0.7x0.0 100 100

The values are the means = SE of four ratsand are defined as 100% ofrelative enzyme activity of each
enzyme.

The spedific activities of marker enzymes in iver were as follows: 157 = 22 nmol/min/mg protein for
succinae-cytochrome ¢ reductase activity in mitochondria 745+ 26 nmoVmin/mg protein for acid
phosphatase activity in crude lysosomes; 51 = 5 nmol/min/mg protein for NADPH-cytochrome
reductase activity in ccude microsomes; 14.1:0.1 units/mg protein for LDHin cytosol; 28.7 +1.7 and
4.10 = 0.65 umol phosphate released/mg protein/h for Mg2+-ATPase activity and Nat-K*-ATPase
activity in plasmamembranes, respectively.

Table 3
Distrbution of Maker Enzy me Aclivities in Intracellular Fractions of Ral
Kidney
Intracellular Fractions  Succinate- Acid NADPH- LDH

cytochromec Phosphatase cytochrome

Reductase Reductase

Nuclei 34.0:13.7 16.6:4.7 6.9:4.9 5.4+2.9
Mitochondria 100 26.7+1.6 12.7+6.2 4.0+2.2
Crude Lysosomes 15.6x7.2 100 36.1+18.4 2.6+£1.7
Crude Microsomes 8.5x2.7 9.9:23 100 6.4+3.3
Cytosol 3.7+2.6 3.3:3.0 11.8+5.5 100

The values are the means = SE of three ras and are defined as 100% of relative
enzyme activity of each enzyme.

The specific activiies of marker enzymes in liver were as follows: 22.8 = 3.6
nmol/min/mg protein for sucdnate-cytochome ¢ reductase activity in
mitochondria; 12.8 +3.3 nmol/min/mg protein for acid phosphatase activity in
crude lysosomes; 13.3 = 0.6 nmol/min/mg protein for NADPH-cytochrome
reductase activity in crude microsomes; 6.72+ 3.23 units/mg protein for LDHin
cytosol.
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7y MERBD S 5. EXLLROSH - FEBEO UQ & 5 UIC UQH, EiRHED
27 Table 4 IC/R U 7=, FFARZOD SEHHICE. WFHICH tUQ-9 Db, Z DK
10~20% ED tUQ-10 "EFh Tz, /4, 2h5 UQ AKEDETES I+
PRUTRDEROZ & 2TOMBEMIEEL L, ZTOETHEG E OMBES O
HZEBHBMAES X —FEBERUC T 60~80% TH o7/, £, SMBEESO
tUQ-9 & tUQ-10 DFETHRICEFBD S hkh - /-, ZHEESD UQ AR,
bRV TDOY—H—BFRTH3 Succinate-cytochrome ¢ Reductase EMHED
PHTRBEREY. I P RYTORAICEBZBDEEEZ SIS, ThTTHEL
NT&Jz & 512 BIDAHESKE) - 3 Koo FUTZLEMOBBESN ICbETFE L TO
DI ENERBENE, GH. MBEEMCE I P RYTESICERT 3 =E2ED
tUQ REFEFFELTVBICEADPHET . ZOBTHERIH30% &L EVD
(&, MREES 2R T 3BEORVRENBOREIIC. UQH, RikEs UQ BikiE B
EdhriFHEBbHh 3B,

Table 4
Distribution of Ubiauinone and Ubiauinol Homoloaues in Rat Liver Intracellular Fractions
Intracellular Rats UQ-9 Contents Redox Ratios UQ-10 Contents Redox Ratios
Fractions n) (ng/mg protein) of tuQ-g b (ng/mg protein) oftuQ-10 b
tuQa UQH, (%) tuQa UQH, (%)
Homogenate 7 279+25 224422 80+3 31.0+6.9 24.1+7.0 80+7
‘Nuclei - 11 322:104 21966  67:6  31.7:10.8 22.2:7.8 6945
Mitochondria 11 1,780+370 1,280+270 73x7 218+63 162+51 74+7

Crude Lysosomes 11 447+80 308+64 67+10 83.3+23.3 51.5+11.5 63+9

Crude Microsomes 11 121+41 83+31 69+7 17.7+£3.4 11.8+3.0 66+9
Cytosol 11 21.3+5.7 16.9+5.3 74+7 2.37+1.11 1.53+0.58 72+5

PlasmaMembranes 4 1,550+170 510x100 333 23579 71+28 30+7

The values are the means = SE of the number of rats listed.
) Thesum of oxidized and reduced forms of UQ of eachof the homologues.
b} (UQH,tUQ) x100.
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£, BRHEOEH %5 v MEMEO UQ 4 5 U UQH, RIEO S i
Table 5 (CRU 7=, FFIEDBZ S LA, BRICEWVWT H tUQ-9 D1, ZDHK 10~
45% EN tUQ-10 " H 5 W3 MBBESICEBD 5 hi-, £/, FES D UQ FARED
B, BRATU:— FOBTHEE ZEEL <. 23~27% THo 120 LA
ST & A, SMIES O UQ-9 & tUQ-10 DETHEICERED 5 hA b o i,

Table 5
Distribution of Ubiquinone and Ubiquinol Homologues in Rat Kidney Intracellular Fractions
Intracellular UQ-9 Contents Redox Ratios UQ-10 Contents Redox Ratios
Fractions (ng/mg protein) oftuQ-9 o (ng/mg protein) oftuQ-10b
tuQa UQH, (%) tuQa UQH, (%)
Homogenate 755+162 21198 29+8 86.2+18.9 25.0+10.3 28+7
Nuclei 7006171 124:48  23:2  83.5:59.8 24.4x18.8 2424
Mitochondria 901+89 232+19 26+1 98.3+53.5 25.3+12.8 272
Crude Lysosomes 478x301 150+74 25+3 69.0+£7.9 16.1+1.4 24x3
Crude Microsomes  197x113 58+28 241 | 88.3+54.7 22.2+14.0 25+3
Cytosol 52.1£38.9 15.2+7.7 27+3 5.20+0.94 1.45x0.41 273

The values are the means + SE of three rats.
a8 The sum of oxidized and reduced forms of UQ of each of the homologues.
b} (UQH,tUQ) x 100.

(2) FFREAILH RO UQ & 5T UQH, RRED S %6
UQ RIREDOHRERICE I IREEISICHELLAS 0. Ty MFEMABRAE
DESISICHAL <HEL, UQ K 5T UQH, RIIEHEEE 2N,

O HEIHFDOLTH
CHES E. T 5ICNMEES . Nucleolar Wash B9 & UR/IMESLES IC 5
BL,. UQEEZAIE L7, &RIE Table 6 ISR Lz, B dH. UQH, REEE.
B DERERIET T3P BOHONENDTREERE LA, 2hSOESH
Icid. WTFhHuQ-9 D, ZDH9~13% ED tUQ-10 EE&E hi, &,
BESAOI FILKUPORAR, 3 FILFUTPOT— 5 —BX,
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Succinate-cytochrome ¢ Reductase FED2HH» 5. $1 7% ERfEH 5 h /-
(Table 2 &88), LN ->T. ChLESICIFEET S UQREIKEEIE., S KU
TORATRHATET, BADEEHICH UQ RIEEITEETZ 2 EHBES HIC

73707‘::0

Table 6

Distribution of Ubiquinone Homologues in Rat Liver
Nuclear Fractions

Intracellular tuQ-9a tuQ-102a
Fractions (ng/mg protein)  (ng/mg protein)
Nuclei 302+132 34.1+14.6
‘Nucleoll 518:216  50.1:26.6
Nucleolar Wash 609+204 54.0+£23.9
Extranucleolar Fraction 245162 32.2+9.1

The values are the means + SE of seven rats.
a) The sum of oxidized and reduced forms of UQ of each of
the homologues.

@ b3 RYTERDOLSH

I RIACFUTERE, S5ICI PO RUTRERES. 2 FaC FY7HE
B9, ¥ by 7 XESH LU Intermembrane Space BiS IC4E L. UQ [li&E
EEEHMELL, BRI Table 7ICRLAE, ShSDESHRICE. WFhb
tUQ-9 Dfts, % D) 22~25% ED tUQ-10 KEEL TV, AL DEHHOD
tUQ RIS EEET 3L, I b RUTHEBESD tUQ EE L. MEARED
FETZIFIACFUTRIBEPDERE CHEBL, 32 250FETH- 7, &
. ChS5ESE. AEDO~ —H — B3, Succinate-cytochrome ¢ Reductase 5§
4 ESMRED ¥ — 5 —BE5E T H 3 Monoamine Oxidase SEEDHEEREN SR T, B
BICHEENTEY, 7T—F1 777 b EEEXBhEL, B, I haL KU T
NDUQ k. AP RBICAHTBEENTWET ' SEDKERD, 5885 »IC
BRYTHBZ EIHBRL 7=,
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Table 7
Distribution of Ubiquinone and Ubiquinol Homologues in Rat Liver Mitochondrial Fractions

Intraceliular Fractions MarkerEnzyme Activity @) UQ-9 Contents Redox Ratios UQ-10Contents Redox Ratios
(%) {ng/mg protein} of UQ-9% {ng/mg protein} of UQ-10%)
Succinate-cytochrome ¢  Monoamine tuab UQH, (%) wan UQH, (%)
Reductase Oxidase

Mitochondria 100 100 1,670£360 1,150+120 70+7 225176 157143 7129

InnerMembranes | 133s35  27.414.0 550226 270a94 4945 125268 57412 49¢7

Outer Membranes 24.8:10.6 277232 1,290+380 680+75 5219 284+75 148156 50«10

Matrix & Intermembrane Space 3.0:2.6 28.016.6 339:138  140+40 41210 86141 2817 336

The values are the means + SE of seven rats.

a) The specific activities of succinste-cytochrome c reductase and monoamine oxidase in mitochondria
were 172+141 and 37.9+22.1 nmol/mg protein/min, respectively.

b) The sum of oxidized and reduced forms of UQ of each of the homologues.

¢ (UQH,tUQ) x 100.

@ HBUVY—-LEYHROHH
B)YY—LESE. E5IC Ly-1 HS, Ly-2 B9, Ly-3 @S, Ly-4 EHIC
SEL. UQ RIRGHE22BTEL - EIL Table 8 ICRL =y WFhOEDICH
tUQ-9 Dftt, % D 9~18% 2D tUQ-10 FATFETEL TV /=, A2 DESD UQ [
RASEEREEB T3L, Ly-1ES L Ly-2 EBHD UQBENEL. I b R
TRIEFESDH 3EOSEERLE, b, HUVY—-LERCEEThEZ) VY —

Table 8
Distribution of Ubiguinone Homologues in Rat Liver Lysosomal Fractions

Intracellular Marker Enzyme Activity (%) @ tuQ-9b tuQ-10b
Fractions Acid Phosphatase Catalase (ng/mg protein)  (ng/mg protein)

Crude Lysosomes 100 100 542+62 86.9+12.0

w1 1e2s24 2.0:06  1,430:260 269:76

Ly-2 20750 5.9+2.2 1,560+£350 292480

Ly-3 88.7+10.1 70.6+11.7 598+75 10315

Ly-4 18.6+6.1 188x24 447+86 42.3+5.8

The values are the means = SE of four rats.

8 The specific activities of acid phosphatase and catalase in crude lysosomes were 791+118
nmol/mg protein/min and 23.3+6.3 units/mg protein, respectively.
b} The sum of oxidized and reduced forms of UQ of each of the homologues.
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LERMEFXFDY—LIE, DY —H —BEFiEM (Acid Phosphatase jE1% &
Catalase i&1%) ORHHL 5. ThEZh Ly-2BHE Ly-4 EOICBIFICHBEINT
W7, /- BUVYVY—-LEYSANDI FILKRYUTOERAIL.
Succinate-cytochrome ¢ Reductase JEEDHHEH S5, $64% L BfEH Sh /=
(Table2 /&), L= >T. ChSESDOUQRAKEAEIR. I P FY7ORA
ICELBBNDEREZOSNE W, £5, Ly-1 LU Ly-24. I b RYTPREL
WEIREDUQ RIRFEEF O L REBNESREE 1 3 LTHEHIERL,

/

/

@ ¥BI/0v-LBEYOSE
HIsOv-—LEES %, E5ICBAI VOV - LEES. HEI OV - LA
BRE 2 & JITFES [GF B4 (Light Fraction). GF, B4 (Intermediate
Fraction). GF3 &% (Heavy Fraction)] (ICHE L. UQ AisAEE28EL-BR
& Table 9 ISR L/, WFROESIK S tUQ-9 D, Z DI 16~45% B D
tUQ-10 " FIEL TV e, B2 DEDFO UQRIKEFEEE2R 3 &, BEI/ OV —

Table 9
Distribution of Ubiquinone Homologues in Rat Liver Microsomal Fractions

Intracellular Fractions NADPH-cytochromec  RNA tuQ-99 tuQ-109
: Reductase Activity 2 Contents P (ng/mg protein) (ng/mg protein)
(%) (%)
Crude Microsomes 100 100 122+50 17.3%£3.3
‘Smooth Endoplasmic Reticulum  133:37 - 147438 144264 23.6:10.7
Rough Endoplasmic Reticulum 117+36 135+2.8 119:43 26.5+20.1
Golgi Complex
GF, (Light Fraction) 4.0:2.0 4.5+2.1 676+232 252+141
GF, (Intermediate Fraction) 3.6+1.3 11.1x1.7 723+539 260+160
GF3 (Heavy Fraction) 6.7+£3.6 9.1+0.7 212+126 94.4:48.7

The values are the means = SE of seven rats.

8) The specific activitiy of NADPH-cytochrome c reductase in crude microsomes was 75.1+40.0 nmol/mg
protein/min.

b} The RNA content in crude microsomes was 149x25 ngl/mg protein.
¢ The sum of oxidized and reduced forms of UQ of each of the homologues.
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LIEES CHEI 70V - LEESF O UQ REFSERED - 720, GFy By
(Light Fraction) & GF; 4% (ntermediate Fraction) ® tUQREIX. I ka2 K1)
THREESICEHLZ, HI 70V -LEEBMAOI b2 RUTORAR.
Succinate-cytochrome ¢ Reductase iEMDRHH 5. L Z12% ERFEHSh
7: (Table 2 £f8), LN >T. Zh5EHCHAET 5 UQ AkAR, 3 k3K
DT7DBRBACE > TRHBBTET. HIC GF BES EGF BISICEBRED tUQ RIE
EHYFEETSZ L. JTHEIrAROBEESOMEPHIBNAN DS IBEDREEE %
ETB2LEEREDE S CEERN,

E=E MBERSPOIEX/ESUICAER ) —VEAKEEDSH

UQ Btk MEFPICHEETI3 ZEREICHEBEIATVEY, EE8b: /185
—EiC. 7 v MEHICUQ & S5TIC UQH, RIEEIFEETZ2E. Lbb, ZOR
THEN B L2 80% E/NCEERLE, LA LEN S, ChETMRICEENSM
B EDORAD UQ BIlEEL 50N UQH, REED A IRE L AN ATV AL,
ZZTTy MILAEFDO UQ & 5 TIC UQH, BIiREND ST E. ZORTHEKR AN/,

RRAE

(1) XE&E -
B REAEO)EEK. 8EE (170~180 g) O Wistar RE#MEZ v b
(SPF 8%, HAI XTIV Y —#REHt) # B,
(2) m/VEH & UM (Platelet Poor Plasma) B4 DR :

F—Ei. EBRAECNCHKE> THAMEE. 250x g, 10 RO L. KB ES
FOERE MRS 5 & 2E %) & EiEES Platelet Rich Fraction) # 87, 2Ot
i&E 4 (Platelet Rich Fraction) & ¥) . Shibata & Kobayashi D /A% ¥ Cfgvy. M
MR E & UM IR (Platelet Poor Plasma) B4 % A% L /=, B S hm/id, EY
E O Krebs-Ringer #% &% [127mM NaCl, 5mM KCI, 1mM MgS0,4, 1mM CaCl, %
& 10mM K-Pi fRER pH7.4)] ICEB L TR W, —F. MR ERRE U M8
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(5)

(7)

4 d. Platelet Poor Plasma B4 & LTZ Dt £ ALVE, BREGETART 4 CT
1o 7=
BERMIRE S DR

LERDBRETHAFOEKE QMR E S CESH 5, Beutler 5 D5k 692
W, BRFRMIRE S 20 Lz, 55 h EMARMRES E . Krebs-Ringer &1
BT2E%ES L%, BYEORBERICESLTHWE, BEGTART 4CT
1o 7,
FRIMIREE (Ghost Cells) & & UFRMIRAEH (Endosomes) B4 DS |

Dodge 5Nk " IZftvy, LEG)DBRETEABRFMOMRES &) . RO
R Ghost Cells) & & U'FMERAR4 (Endosomes) EIH #HS L/, 25 h -
Ghost Cells B9 (& . Krebs-Ringer fZE R T 2 B U /=%, EUEOEEELIC
&L THW, —5A. Endosomes B, ZOEEAWE, BEETRT AT
T 7=
B MERE S DR

Wakeyama 5 DA% "CfEV, $—#. ERAZEGQ)TEAMES Y & OFKE
DERAMLE, BONAAMBE HE. Krebs-Ringer & & T 2 Bl%ke L /=15 .
EYUEORABERICESL CAVE, BEETART 4 CTH- 7,
UQ £ &' UQH, Fi&tDHEH L 5 ICES ¢

B—H. ERAEOCRNT- 1,
EEHEBOEE: |

B—E. ERFECWRVEEL L,

RRER

7 v MAEFO UQ % 5 NS UQH, RRED S #3578 14 Table 10 2R L

2o MAERZ 1 £ T % M (Platelet Poor Plasma) . SEHIERES C 1. tUQ-9 D1,
ZDF)20~76% BD tUQ-10 & & hiz, UQ EGHEEE%88R2 &, I Fa L R
7 EFHORMKES P M/MRES Tl tUQIBEN P 5. I b2 KUY 7L
BWHRMIRESD Tk tUQ BEIBEHL >4, L b, FOFESHD UQ BiEEE .
Ghost Cells B9 A4 THZB S h . Endosomes Bl ICIEAEHE W o7, BTt
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Table 10
Distribution of Ubiquinone and Ubiquinol Homologues in Rat Blood Cells

Fractions UQ-9Contents Redox Ratios UQ-10 Contents Redox Ratios
(ng/mg protein) oftuQ-9 b) (ng/mg protein) oftuQ-10 b)
tuQa) UQH2 %) . tuQa UQH2 (%)
Blood 0.52+0.11 0.10+0.04 20+3 0.23+0.06 0.05+0.01 2122
Platelet Poor Plasma  0.99:0.57 0.68:0.28 80«5  0.19:0.10 0.15:0.07  77:1
Erythrocytes 0.13+0.02 0.01£0.01 8.3:x4.4 0.06+0.02 0.01+0.00 9.2+4.4
Ghost Cells 12.51+£3.97 0.31x0.10 2.5+0.3 4,23+2.49 0.02+0.03 0.6+0.8
Endosomes 0 0 — 0 0 —_
Leukocytes 42.10+8.85 1.18+1.66 3.6+5.0 20.37+6.80 0.89+0.65 5.6+4.0
Platelets 40.02+6.34 n.d. - 30.59+17.25 n.d. -

The values are the means + SE of three rats. n.d., not determined.
3 The sum of oxidized and reduced forms of UQ of each of the homologues.
b (UQH,tUQ) x 100.

R 3% &, M4 (Platelet Poor Plasma) TIi%) 80% &3 h - 7=, R IEE S Tk
10% KB THY. 2MM&E LTET20%BETH -4, bH. SHEBES O tUQ-9 &
tUQ-10 DFETLEERICERZBD S h i b o

BME EEEIU/IME

£ ¥

7y MEFROUQ HHERANLELEZA. UQIRHSWIMIBICTEEL. L dE
REAED UQ-9 L2, BLRAKEE LT UQ-10 A% FHFEEL TV, %7/, Aberg
5 19 % Reahal & Wrigglesworth *V #8R&: L = & 512, Zh 5 ## O UQ Rk
—88id. UQH, RIEATH V). BrbRIGME & AR TIE 70% » 5 80%. [UiE, B,
IRIE T 10% 2 5 30% &, MBREICEYEL > Tw, Jayaraman 5 @3, 14c-
Mevalonate ZIERRARIREG L7=15E. ZORHEEN & 5 W 3 EKRBZD UQ-9 FIZE
WiAEh3Z L &WBLA, £/ Kdén 5> IS5 v FOZBBKRE S 2— + 2EHL
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AREI T H 503 #BICUQ &K DEEEER, NPHB Transferase i&ME & UQ AREE
MEHNHBEEBHR, ThLEDOWEE., WTFhd UQ PEFRRDLTHMRBATES
MENDIBZEERRLTVNG, /. UQ 2OERICEZERS L 184, #5304
RICIE 75% P RTIRICE T ) . Z0H%. BREORBE HICHFRO UQ €8 WK LTI
<P, ZTOHBARUQ SEDRIICHES MOBEDO UQ EBNIEMIZIZEAEBRI A
BWZENS, D SBEFRBBAOUQ DBFTRIZFEAERVWEHDEHTEILT
Wd, Leh->T, EFENFZ v FOZMBBTEBH -2UQ & UQH, B, IO &
DEBRTLLEOGVVEZY SR I N 20D E <, A4DHEBETESKR S N UQ
PEFETHZEEZISNB,

EE(E UQ & 5 TIC UQH, BIEEEDOMIIN A 2 M5 2%, BETHEDOS VTE
ERVWBRBICOVWTIHRNE, ZOBR. WTFhOBEZICH W TH UQ REFILELTOM
RECTFETIZL&BO L, E51C, O UQ REFEDRHEELCHANLED
A, tUQ RIFEREGIRSEDFEETAI PO FYPRELY I PO N PHEICSE
BICHFETS LB, £/, UVY—LES Ly-1,LLy-2 BES) XPHELEE SO
tUQ RAFEEESI PO FU PTABEYBBE TS >, & 510, T SHES
(GFy, GF, B%) O tUQ RRASESH. I b2 FYTREBICERLZ, 2hETUQ
. I FIPRYUTRIEOEBERICE > TEEREWB L& TVWAE D, L LEY
5. ®E. Kalén 5 3. 3H-Tyrosine. '*C-Tyrosine & %u\id 3H-Mevalonate #35 «
PR ERBTSE, I70V-LEBICSE TS UQ-9 NDOISHHEDE)IAAA I p O
PRV TRIEISEMT S Z £ 28BH, & 5IC. %5 & NPHB Transferase 4N, T v
FFRBOMBMEENLAXF OV -LEUNDOSH SO MBEEHICHFEEL. Lo b,
Smooth II Microsomes *X° Golgi Il Vesicle THLZNBWNZ &H 5, Nak—TL %
YZATLICHBITBUQERERML A, £/, I PO RUTHE. YUYV —L,
HMREICHETZEED. IPICNYVTRELVEVNZ ENS, CASESTHOUQ S
BHRRL T3, Zh5 &LV NPHB Transferase &M% UQ &R IEN) 2B T3 & h
MRRE S . SEOEET. WFhHI FaL K 7REES &V EEED UQ [k
BEHAEEL TWEELS THB, /4. UQ-9 & UQ-10 DTETELLE S B—5M TE/K &
h3DTHIhIE, BE—FETHEIIELS VD, HIEENCESTHEYENI B .
BENSPEIOEERRTUQ ZAML TWAZE2XHTILOICBLIhE, L
TEENPBLFERIE. UQRKREHN I b RUTHRELATHEESRIhTLS & W
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> Kalén 5Dk B 2 mAI3bNDEVR B,

i & B RO MIZES O tUQ BiEfEDETLERE,. WTFhbEKeE DR
KEEFIFRULTH o7/, UQ X, I b K 7FEIE$E O NADH Dehydrogenase 4
& (Complex I )X Succinate Dehydrogenase # &1 (Complex II) IC LW E I B
ZEBECHIDNTVS T, i ST Y OMISE P I haL K1 7R

SHICEMLASFRER UQETR) P HEET I EREIATVS, EHICEILEY b
NI 0OvV—LEDUQ-10k. NADPH DEETETE N3 Z L bMEShTWVET,
L LEDS, £TOMRESD UQ By, 2TRALETHRTHINDIE. ZThE.
hOBEMIBETS UQBTRICENETEIMZINDTIEEL, £TOMEESD UQ A
WA E—TThICRT T MBI FETIAEEETRRTILHICEDNE, CHDZ L
DVWTOREHERIE. BTELIEICENS,

B, METE UQ & 5 UNC UQH, BiEkid. & 50 3 BHBESICHREE A
2. ZTORTHEL 10% UTEIPEVEDL -7z, —F. MIE (Platelet Poor Plasma)
D tUQ AEFEDERTHEEH L% 80% &, o TEE%R LA, Elmberger 5 78 (3
Zv FIED UQ-9 A EICUREBBEMCHFETSI EHELTWD, LENF T,
EZNPMPTRH ATV UQ AIRREDRTIEZE L, EIC LDL 0 UQ DIFETEIRE 2%
LTW3bNDEBbN 3, Kalén 5 94 3H-Mevalonate 25 v FOPIRNBEE T3 &,
MAEPIC3HSANEN2UQ-9 ¥ IgHEh 32 L 2BHTVS, & SICRHKM T,
FFNRE— DIV IED T LTEAKE N UQ-9 A, BFROZRE EHICHED LIS
BhaZenrs, VREQEICHAATh TMARFPICHBEINRTWEZ EEREL /-,
EEDZ v PARICH TS UQ RIREDRETEEERN . £ 80% & FHAIEGICLENTE
LB, FFRORTLERELFEELVVERS. M UQ FYIFE»SHBENLZEDT
H5uleEtEXIFT 3,

A
(1) Zv MME. UQ-9 &£ UQ RAi&lE. UQ-10 £BIRIIAGAE LTEE LA, 2h
5UQ REFEELTOMBEBICSHL. Lrd, ZO—BEREXTETH -/, tUQ

FEEDERTLE R, R - D 70~80% » S5DHBICH TS 10% T T, #EIC
LURE 5T\,
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(2) BELROEHVIFRCEVEROMIIUQ & 5 U UQH, R DS & B 7

EZAH RTOMRERNCAHTIZ L EBD, T tUQ REEDETEE G .
WFhOMBEES 6 FIFRU T, EfF TS — FOBTHREFIF—FHL 71, &
hoDOIBERIE, MEADL2TOUQ £—ISET T 2 8B MR ICEET 3T
REMEERIR U 75,

7y MTRBMRF VAR IADUQ & 5 U UQH, RIIEEDYHEREBLAE S
5. X PO RYTHEES. VY Y—LES (Ly-1. Ly-2 BE5). MEEES .
IPACRYTAHABER SV HSEBEDUQ REFESC I L2538, 510,
JIVJEKES GFy, GF ES) b, 2 b2 R PREES ICCHT 3 SEERL
2o ThSESD UQ &RRDEEESE, NPHB Transferase EtfiE. I fa > KU
TAEBEYEL) BV EFBEShTEY Y, EEORKRE. I ha2RY7
ABEATCHOUQ EREEMIZHDTH -1,

7y MERPOFERERESPMEICH, UQ-9 LV UQ-10 D TFELE, LI b,
FRAIERE S O tUQ RIEEDBRTHERIZ 10% LT TH I DI L. MEOBTIHEE
(15 80% & . FFRCIEAT 3 BB TH > 20 ZOREH 5. MIFO UQ FIEEHER.
Uf%éﬁﬂﬂﬁﬂiﬂt%?ﬁ%&Uﬁ%éhtb@?&éZtﬁﬁ@éhto
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B_E Ty MR1EX/ CETEBERORR

UQH; RIS RRFEBICTALETHY . FRWEGET. EIF /L5 THLERT
UQ FtkfEA £EPH ICB{EE 13, Aberg 5 9 (3 UQ RIIRAEN T v MEFKD 5 5
OBHMISTELEL. LABITRTEZORE K. & DM BT b 2O—8H
UQH, RItEA THB L &R L, EELE/L. B—ET. Sy hOUQ LU
UQH,; RIEAEENFMGIRET 21TV, 503 BBOZME N ICKFETI &
ZHERE L 7=, BICATITIX. tUQ @ 60~75% »" UQH, BIRIET & - 7=,

Reahal & Wrigglesworth 4V (2. 5w FCZ UQ-10 2RO 55 3 L\t SRR 38
T3 LR CIEEO UQ-10 EEMEBMT 32 &, E5ICHRETIR. S FaCFY 7R
SLOMBRE S TH UQ-10 EENEM L. LArd. ZhICEN UQH,-10 EE2 618§
BIEEBOE, UQRGEAEG, BULEREEOFET. 3 a2 KY 7IFRED
NADH Dehydrogenase & Succinate Dehydrogenase T2 Td h 32 & GEMDEE
TH3 VN, ke ILTHEORMIETOICHI FaL R PIEIRSICER L
NADH Dehydrogenase DFEEHIHEI N TWVWB, LAL AN S, 2 h SEESICHE A
RAEN-UQETEEN. MOMIRES D UQ FEFEE2HBT T3 EEEZIIC WV, L
L. B—ETOFRES LUBROLTOMBESDOFML M. SESO UQ Rk
HEO—FEBENIrETED UQH, RIEETHZ 2 EER LA, ChidI PO Ry 7Y
TV RIEPHRELIINC S UQ BIEARERT « T 3880 ET 3 2 L 2 R/ET
5, TITAETI., SMIBESO UQ ETBRELE. BETHEOE, - -5 %/
WTHRET L 7=,

F—H X/ ETEEOHEBRSS
FHEOEBRLEFHSMEIE NADP)H T, FEIESE D NADH Dehydrogenase % £ 8& .
TV TR S MBS O O UQ BITEERR X NADH # SRS E LTWE, 22T,

NADH & & U NADPH 2 EF 56k & L. UQ-10 75 D UQH,-10 £ B #BIE T 3
Zeicd . Sy MR UQ-10 BTiEt0 4% 2 AN,
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RBHE

(1) FHafRE S DR

B—E. FTH. RBRAEXQ)-OICHEV., 83BH 170~180 g) ? Wistar Rl
5y b SPFEIMY, BAIZILY —#HASH) DR &Y. HiElES 25@8 L
7= BlZMEBEN. KERAECQH 5Q2-DIchiEv, B LAZHABRES 2187,

(2) UQ LU UQH, REEDIME L 5 ICEE :

B—8, B8, BRAFGICREWNT £,

(3) UQ-10 EBETiEMAIE: :

(4)

0.08% Triton X-100, 50uM UQ-10, 0.5mM 2-Mercaptoethanol, 0.2mM
NADPH &ENHE DOIE S £ 5 ¢ 50mM Tris-HCI B &R pH7.4) » 5 & 3G
A& 250ul £, 37 CTIEREIC 10 2 EFE L /=, n-Hexane/Ethanol (3 :1) 8% 3.5
ml ZMZA TRISZFBIEL. 80 rpm, 10 FREEHIRE S §52 & Ic&y . RISHKES
D UQ-10 & x&TTER U7 UQHL-10 23 L 72z, RIS 1,500 x g, 10L& LT
BO5N=LED n-Hexane BEFINBEIE y VEICHT L, BEIRT. A%
BE - XU, FREIGEYUED Ethanol ZEERICINA. HPLC OEBIE L, 2
DOEFIFD UQH,-10 12, Okamoto 5 ) HPLC-ECD i 2 # W THBE - 8
Lleo BBH LU HPLC AR E—E. F—6. ERABDCRULEZAY TH B,
UQ-10BxiEHER. 1 9RSAVEREE. 1 mg DEREA P ETERT 3
UQH»>-10 £ (pmol/min/mg protein) & U T/RL 7=,

Z v FFHRRE O Protease LR :

RISAE1m &0, BEREE10mgD Ty MTMIEE L. 1 mg D Trypsin
(EC 3.4. 21. 4,1:250, DIFCO Laboratory) & % L\ & Pronase (7 7 F +— &, &
84ZE) ZHIA . 50mM Tris-HCI #R &7 (pH 7.4) R T, 37 °C, 1 BFREREB L 7=, RBE
ICXHREER & LT, Protease Z RME T ICEAMKICHFRL 25 v MNTFERRE HER
U7zo 2O Protease LI L 7= v FITMREI. 2O % UQ-10:ETiEtE DA
EICAW =,

6) EREEDEE :

B8, B—H. ERAEOICRVES L 7,
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RRER

7 FFBRDO UQ-10 BB 2 A EY X — NEBOWTHANAEE % Table 11 2
AT o NADPH & £ U'NADH OV §hOFET 6 UQ-10 BITE MBS 5 hicp', B
FH#5kE L TNADH &) NADPH # BV A B0 2 &5 VB %R L 4=, NADH %
ROWBEO UQ-10 BiEtti. I baL Y 7EFEER Complex I FEHID
Rotenone (C & V)| #920% [B¥E & h/=#*. Cytochrome bc; Complex (Complex I, EC
1.10. 2. 2) [HFHI ® Antimycin A X Cytochrome Oxidase (Complex IV, EC 1.9. 3. 1)
BHERID NaNg DFMTEMISBES Nz, LA LED S, Antimycin A & NaNg 1= &
% UQ-10:ZTDIEEE (X, Rotenone MFEM TRAE & h. Rotenone BMEMNIES LR
BEOESICETETLA, Tho0ORRIE. NADHEETICED 5N 35w MFRE
YF—bDUQ-10 BREMED D 5. ChoBRATHITHEIAZIHHH'I PO R
UTHISHICER T 3EETH B L ERLTWS, —H., EF#54E LT NADPH
ZRVWEEO UQ-10 ELiEtE . I ML R PEFEERMAEHOSES L ST
Bh o7,

Yy PRBICEF /> ETERO—F, NADPH : (Quinone-acceptor)
Oxidoreductase (DT-diaphorase, EC 1.6.99. 2) DFEENHS> h T3 89 L L.

Table 11
UQ Reductase Activities in Rat Liver Homogenate
UQ Reductase Activity
Additions (pmol/min/mg protein)
None NADPH NADH
None 36+4 312+7 1471
5uM Dicoumarol 22:4 1 26323 * 1214 %
10uM Rotenone 35+7 30616 118+9 1
1uM Antimycin A 38x4 310+15 16710 *
10mM NaNg 36+2 305+14 177111
10uM Rotenone + 1uM Antimycin A 34x4 308+26 1316t
10uM Rotenone + 10mM NaNg 37+3 308+15 127454

The values are the means + SD of four experiments.
* 1% Significant differences at levels of P<0.01, P<0.005 and P<0.001 ,
respectively, compared with no addition using Student's unpaired ttest.
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DT-diaphorase Z55£ICfBE T 2/5% (5 M) ® Dicoumarol (. € UQ-10 B TiEMt%
#120% UHREFE LA o7, ThoDERN» S, NADPHEETFICEH 5N 3 5y k
HAESRX—=FD UQ-I0 EXCEHOKRBHE. I P> KY PREKE
DT-diaphorase IC& B 6D T EWZ ARSI O,

E5(C, NADPH 3 W MENADH 28I LA < &b (FFRES X — FhOREEE
DFRDATH). §BLUQ-10 BITEMEHEBSH 5 h/=p", Dicoumarol I F 3> KV
TETEERBFEFRICHT 3RS E L L. NADPH 2 BFHtE54E LTHWABERLC
THoleo COBEHNS. T v FHEBDOESL UQ-10 RT/EM (L. NADPH & EF it
SEHETREIETHBIEPREE I,

ZIT. COBEMEOKREEMZBNT, NADPH #BF#54E LTSy MTERE
E7 O UQ-10 ET /&M % FFMICE N R (E Table 12 ISR L7/, NADPH # &7t

Table 12
Distribution of NADPH-UQ Reductase Activities in Rat Liver Intracellular

Fractions

Intracellular Fractions NADPH-UQ Reductase Activity Distribution
(pmol/min/mg protein) (%)
Homogenate 181+128 100
Nuclei T 16.3:11.6 5.8:6.1
Mitochondria 40.7+11.6 8.2+4.0
Inner Membranes 16.7+3.2 N.D.
Outer Membranes 8.3+5.9 N.D.
Matrix & Intermembrane Space 20.4x£14.1 N.D.
Crude Lysosomes 8.7+9.0 2.6+0.5
Crude Microsomes 105+64 15.0+4.3
Smooth Endoplasmic Reticulum 50.8+49.1 N.D.
Rough Endoplasmic Reticulum 60.1£9.0 N.D.
Golgi Complex
GF (Light Fraction) 0 N.D.
GF, (Intermediate Fraction) 11.928.9 N.D.
GF5 (Heavy Fraction) 32.8:£21.9 N.D.
Cytosol 312+36 67.9x1.9

The values are the means = SD of three rats. N.D., Not determined.
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5tkE 13 UQ-10 &TTiEME. T IHO GF @45 (Light Fraction) ISt D & 5 W 3
HRREMNCFEL, PTHMARECHI VOV -LBES TEV E5BH =, BiCM
REG. @RESF. ROBVEEEERL. ENICHOFRES X— FOLEMROK
68% ICDIEo 7=, ¥4 HIPIL KUY TEPICE. v FFRRO2L UQ-98 O
80% H7F7E L 7= (Succinate-cytochrome ¢ Reductr;lse DEYRER & v) EH) »*. NADPH
BTHSMAHL T2 UQ-10 BETEME. FROLEEDH 8% ICBE Lo,
NESDIEREY . UQ10 BREEEEICHREICRET S ErMASh EL o/,

UQH»-9

UQH,-10

1 nA

A: Authentic UQH,-9 and UQH,-10 (5pmol)

C: Complete (NADH as hydrogen donor)
D: B minus NADPH

E: B minus UQ-10

F: B minus cytosol

G: Heat-treated cytosol instead of
T T T 1 native cytosol in B

| | | L]
o| 2 4 6 8 10 12
Retention Time (min)

L/ B: Complete (NADPH as hydrogen donor)
—

Fig.2 HPLC Profiles of Ubiquinone-10 Reduction by Rat Liver Cytosol

The complete reaction mixture (250 ul) consisted of 50mM Tris-HCI buffer
(pH7.4) containing 0.08 % Triton X-100, 50uM UQ-10, 0.5mM 2-
mercaptoethanol, 0.2mM NADPH and 0.25 mg cytosolic protein.
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MEBED UQ-10 BTiEED . BRICEZ DD E I » 185 U /4582 12 Table 13
SR L7, UQ-10ETiEMEId . #MA2E. UQ-10 5 LU NADPH D=& p'#t1r ¢ 305
WCDHBH SN, ThED—DERRVZEFP. MELE 95T, 10 4/) L-MIE % H
WSO Shh » o/ Fig. 2), 7. UQ-108cEM Ik, Mg % Trypsin X
Pronase THMIET 5 EERIIHEEX LA, 95C, 10 DEIDMEMMNIE TRFX ¢ /=
Trypsin X° Pronase TAUR U 7B IC I3k bh G 57/ (Table 13), CTh S DEFERIZ. S5 v

FHERE O UQ-10 BETEMIr BREMTHI L ERLTWVWS, bH. MBEED
UQ-10 BcEBRERE. Ty MFAEYR— b2AVWAERER. SFHEKELT
NADH & V) NADPH ZFWBOAF B EZ 2E5H - 1=,

Table 13
UQ-10 Reduction by Heated and Protease-digested
Cytosol
UQ Reductase Activity
(pmol/min/mg protein)
NADPH NADH
Native Cytosol 23521 11335
Heated Cytosol @ 0+ 0*
Trypsin-treated Cytosol
Native Trypsin digestion 34+21 * 11+8+*
Heated-Trypsin digestion 238241 104221
Pronase-treated Cytosol 7
Native Pronase digestion 0* 0=
Heated-Pronase digestion @ 198x42 91x17

The values are the means = SD of three experiments.

* Significant differences at levels of P<0.001 compared with
native cytosol using Student's unpaired ttest.

3) Heat-treatment at 95°C for 10 min.

BTE FFMIEEICX ) D ETERCEAOX/ L ETEEEORR

RIENT. Zv MFEICIE. NADPH OEE T UQ-10 # BT T 3BERIHEL. L
PO ZDERIEICHREICEETIZLEASPICLE, UQ #BTTIEEL LT,
Ernster & Forsmark-Andrée ® (3, I h3 > KU 7 #fil2fE0> NADH Dehydrogenase
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. 370V —LEDO NADH-cytochrome b5 Reductase (EC 1. 6. 2. 2) ¥
NADPH-cytochrome Reductase (EC 1.6. 2. 4). #li23® ® DT-diaphorase % & ¥ T >
5, ¥7. Frei 5 232 h 5BFICHMA. NADH : (quinone-acceptor)
Oxidoreductase (EC 1. 6. 99. 5) X NADPH : (quinone-acceptor) Oxidoreductase (EC
1.6.99. 2) . Cu®*,Zn?*- containing Superoxide bismutase (Cu?*zn?*-s0D, EC 1.
15.1.1) B ZDBEMICH T T3, £/, JILI{KED NADH Dehydrogenase % 8 4
UQ £ BT aJREMENH B, 2h 5D 5 5, DT-diaphorase i, ¥/ AL&WEF / —
MEEMN2EFETT I L&Y, ¥/ U ALEMOBEH, SEGEHET 342 %
HoTWwaeEZS5h T3 B389y Takada 5 8NC & hif UQ-10 BT L >3 2
ENREBENhTWVS, LA LEFS, BIEIT. Sv NFRAEY 22— FOUQ-10BTHE
FEMED K EB (& Dicoumarol THE&hGh o448, T v MFEBRED UQ-108
TTEEE D DT-diaphorase L D ERA # hNC RO O X / LB TER S OBEEIZO
WTHRE T3 &Il L,

S b

(1) FFRaEOR :

BB SIH. EREEQ-OIRY. 8588 (170~180 g) O Wistar Kl
5 b (SPFEM), BAIXTILY —HREH) OFFEL VBRI L 7,

(2) UQ-10 BTiEMHAIERE :

BB, B—H. ERAFEQICRV. EFHSAE LT NADPH £ AUV B0
UQ-10: 8t i& 1% % NADPH-UQ Reductase &M & L THIE L 7=, NADPH-UQ
Reductase ‘&3, 1 ME&HLVEBHEEEL L T1mg DRI ETT 3 UQ-10
£ (pmol/min/mg protein) & L TR L 7=,

(3) DT-diaphorase jEM4EIEZ :

DT-diaphorase &% (2 . Emster 5% 8V (CHE VBT L 72, 0.07 % BSA,
40uM 2,6-Dichlorphenolindophenol (DCPIP), 0.2mM NAD(P)H &8 Dkl &
&6 50mM Tris-HCI fRE pH7.4) P54 2RISR 1 ml ERKERERF 2 Ny

MS AN, B 600 nm IS (T 3IRIEREZEL % 37 C T 3 SRNERAYICHIE L 7,
DT-diaphorase &4 (X, 600 nm (2 &(+3 DCPIP O EILIRSL{EH 2.1 x 10°
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Miem™ 2@V, 14M&LVESERE LT 1 mg ORHK /BT T3 DCPIP 8
(nmol/min/mg protein) & L TR L 7=,
(4) Cibacron Blue-binding Agarose Gel Chromatography :
@ Cibacron Blue-binding Agarose Gel D! :

2% NaCl # & & 50%(v/v) Bio-gel A-5m (Bio-Rad) £5%5%&, 100 ml %
NapoCOg3 T pH 10 [CFA%E L . 0.2 g O Cibacron Blue F3GA %1 2 T 37 C C{§
U7, 24 BEETE & 48 BEREITRIC & 512 0.2 g O Cibacron Blue F3GA %10% .
ET72BRRB LA, YVEBRESN SR 7402 —LICB L, XEKTES
UZzo TIVICKESE L d o 7z Cibacron Blue F3aGA DBG&NMEZ 3 Ce L~
. 6M Urea % ¢ 0.5M NaOH, 300 ml T#58 L, BURZEKTHBD pH »°
PiE~EEMME (I pH 6.5) ICH B £ THe L 2%, AT $THRIKICESL
72IRBET 4 CTRTE L/, 2 Cibacron Blue-binding Agarose Gel (. {&HE&
AICTIWVEED IBEDKREKTHS L%, #IEIEE K 0.15M NaCl) T4
{fEU =%, KEBRICHW:,

@ Cibacron Blue-binding Agarose Gel ‘Chromatography (C & 2 9B #R1E :

Cibacron Blue- binding Agarose Gel Chromatography (& DT-diaphorase
D¥EHE T & % Prochaska DAk 8 (CfE- £, 0.15M NaCl CE& 1L L 7
Cibacron Blue-binding Agarose Gel, 10 ml (2, 0.15M NaCl 4t 5 v FIF#
RE1OmM ZMA. KPTHEPPIHEBR LEH S 1.5 BEMBEE L, XK16/20
#17 L Pharmacia) ICH IV &FESH - . F5E 0.5 m/min THLICEERLE H >
72EBEHE % 0.15M NaCl TV L., 35M IC% 3 £ T NaCl DEERE SR %
PAF7zo RWVWT 35M NaCl 2 &€ 5mM Tris-HCI #2% 5% (pH 7.4). 5mM
Tris-HCI £%#817% (pH 7.4). 50% Ethylene Glycol % &% 20mM Tris Base (pH 10).
50% Ethylene Glycol & 1mM NADH % & 20mM Tris Base (pH 10) DIET &
HRESZRL, FIVCHEUABEE B Uk Fig.7) B3 LH50FHE
R 280 Nm ICH T M;EE R ERANCE= 42— L 275, 1.5ml SORBSIC
=% DT-diaphorase &% & NADPH-UQ Reductase &M% #8I%E L 7=,

(5) EREENEE :
B—E. B—H. ERABECIRVEE L/,
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(1)

KERfER

2 RIACKRUTEFRERBELNDER

I b32 R 7 IEESED NADH Dehydrogenase (& NADH » 5 UQ ADEF
DBHELER>T3 ¥, ZOBEE Rotenone i & WEAE S 05 % 4, FiH
TR LOBRIPSFHEEINALLIIC, 5y FIFMEEE NADPH-UQ
Reductase &M% (& Rotenone IC& WREE S hAE WA TR AL, DI PR
VTEFRERBEROHELL (R L P o/ (Table14), HH., I ba> KV
THRICIE . Rotenone TREE & h 4 vy NADH Dehydrogenase #7E7Ed 3 392,
Zhid. NADH R7ERIGEERTHY) . NADPH 2B Ft 54k & L= UQ-10 8 TIC
FELTWBEWREZAOhEL, &30, MBEEADI FICRYTORAR, 3
FaLRKUTD~—H —BE, Subcinate-cytochrome ¢ Reductase &% DRI E »
5b8L 2 1% RO OSN 3 (B—F., FE. Table 2 ) #'. WBE
NADPH-UQ Reductase DLtiEEIE I b KUY TEPHOEFEEDS SZ 8ETH-
7z (Table 12), RIED#ER A 5. #i2E NADPH-UQ Reductase SEMEA I Fa > R
D7EBREOREP. S PICRKYT7ORACEBTREHRITES Wi,

[}

JILIHES SUBRESFERERENER

TIT R OB k. I b3S R Y 7REIRSE & X8 L 7= NADH
Dehydrogenase &N EET 24, I b2 KU 7EE LA NADH (C{&kTE8Y
EEFELEIRTWVWD, &5, dJILI KO NADH Dehydrogenase &1t (4 .
KCN (C& W{REE h 34 8, MI2ED NADPH-UQ Reductase & it . KCN O
MICK3EBEL R UL D>/ (Table 14), T /M E O NADH
Dehydrogenase ;&M (3. NaNg X Insulin IC& V) BEE & h. Glucagon (- & W {B%E
Ehap 8 #MEEE NADPH-UQ Reductase 5E (2. KCN O % NaNg,
Insulin, Glucagon DFMIC L 25854 KRB h o7 (Table 14), Th5DFER
» 5. #i2E NADPH-UQ Reductase &M% A", J KB M ICTZ1ET 3
NADH Dehydrogenase (CEHHE T 3 AlREME L BE S h /=,
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(3) I/0V-LBEFRERERLEDER

(4)

370V - LEOEFREREHER TS5 NADH-cytochrome b5 Reductase &
NADPH-cytochrome Reductase (¥ . % h #h NADH. NADPH O 727 F.
p-Benzoquinone X° Menadione £ 873 ¥/ B AMETLH 32 L 5N
TWa ¥, LrLedrs, MEEAOII/OV-LBORAK. 370V — L
N~ —H—BEFKTH 5 NADPH-cytochrome Reductase EMDBEH 5+ &£ 7
6% CRIEH SN LICH P Hh ST E—8, B, Table 2 B8). MBHN
NADPH-UQ Reductase it (28I 70V — LIEEYDFEIEDHIETH - /-
(Table 12), F7:. I 70OV —LABESHICIIFRHAET %~ D4 NADPH-UQ
Reductase iEED % 15 % " FEHET 3 DA TH - 7= (Table 12), & 5.
NADH-cytochrome b4 Reductase & (1 . CaCly, ¥ MgClo IC& W BEE 3
%0 #8#2% NADPH-UQ Reductase &1t . CaCl, DS 2 B . MgCl,
t¢ NADPH-UQ Reductase &M% & U A{BE L /= (Table 14), Sh5DRERH 5 .
#Hi2E NADPH-UQ Reductase SEMA I 7 OV — LIEND B RERBEEDRH .
270V-LEORADTEEMBEES Wi,

X 70Y— L& NAD(P)H-UQ Reductase & DR

&L, Shigemura 513, I/ 0V - LBIIBEFEERBRLERL S,
NADPH 2 BEFHE5HET 5 UQBTBROHEERELE Y, ZoBEE
UQ-10 2EFREMKE T3 fth. B FH 55D TESE X Rotenone, Dicoumnarol M%
MEHTIBEELE, £ 5y FFMEBEEICRE LA NADPH-UQ
Reductase & " H MBI U T WA, LALENS, 340V —-LED
NAD(P)H-UQ Reductase i&14h". NADP* OFINTH A > 2588 ERUEVDICHL.
#1R2E NADPH-UQ Reductase ;&M NADP* OEMCRAE & h /- (Table 14), &
S5iC. MRREADI OV -LBORAR., 37OV —-LEOT—F —BE%,
NADPH-cytochrome Reductase &I » 5816% CREHONIZHE, DD
59 BE—F. FEE. Table 2 £88). #MI3E ) NADPH-UQ Reductase EMEE A
70OV -LBEEYHROEEDK 3ETH S - (Table 12), Zh 5 DOFFRIL. K2
E NADPH-UQ Reductase "I 7 0V — L& NAD(P)H-UQ Reductase £ 384 3
ZEERLTVS,
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(5) DT-diaphorase & D[

AT #8258 (C7772 4 % DT-diaphorase (3. Takada 5 892 &V UQ-10 28T
TRIZLENPHEEThTWVWS, TFLOMEEICLY . DT-diaphorase HE§H 1 vV
L/ 4 FRsE%2 B3 UQ Bikfx #8TT BEIREME ATRIEE h T3 28,
12 o TEE IR EICFE O /2 NADPH-UQ Reductase (&, DT-diaphorase &[F
—DBETHZIEVHIMEDL >, 22T NADPH-UQ Reductase &
DT-diaphorase E D ER A S HICT 3 - . ACIFHEBEICE TN S
NADPH-UQ Reductase &% & DT-diaphorase iE IO W T, EFHEK. BE
£, Stimulator X DT-diaphorase FEEFINDINE % Ltk « 45U 7=,

O EFtsk
Z v MTRIZE O UQ-10 BTEFENE . SFt54kE L T NADPH & 3
Wik NADH #F]H L T UQ-10 % UQHx-10 NEBITT 30, ZFDEM L
NADPH E R\ AN 2 R Y EH - /= Fig. 2), —F. DT-diaphorase i1 .
NADPH & & U NADH # EFit5k & L TREBEICFHAT 38E L VWb h 5 80,
ZZT. MBERICIHT 3. NADPH & NADH O EF#HEEKE L TOIIR %
Lineweaver-Burk Plot % L) T#&5T U 7= (Fig. 8), DT-diaphorase 5EMICH § 3

(A) DT-diaphorase Activity (B) UQ Reductase Activity
0.10 40
= NADH =
2 _ 0.08 - E 50
o< =~ -
< = 2 'T: NADH
% E 0.06 NADPH 2 E
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o c © £ 204
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Fig.3 Lineweaver-Burk Plots of DT-diaphorase and UQ Reductase
Activities in Rat Liver Cytosol
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NADPH & NADH @ Ky, B & Vipax EiE. €5 5 OTFt5k EHWEERTHIIE
IR L T%H > 7= (K (NADPH)=36.3UM, Vipax(NADPH)=36.2 nmol/min/mg protein,
Km(NADH)=36.3 UM, Vjyax(NADH)=36.0 nmol/min/mg protein) (Fig. 3A), —7 .

R—OMIED UQ-10 ETEREMICH T3 Vo BlR. 5 5OBFHEHK
ERVWIERTHIRIERL TH o 7 (Vipax(NADPH)=487 pmol/min/mg protein ;

Vmax(NADH)=489 mol/min/mg protein) #*. NADPH 2 EFt5{ke L =B D
K 18 (Km(NADPH)=19.2uM) (£ NADH % F\L\ =050 Ky 1 (Km (NADH)=307uM)
DELZ1/15 TH > 7= Fig. 3B), ZDIERH 5. DT-diaphorase & 1 12 THOE
) NADPH & NADH R 2EICFIAT 35", UQ-10 EICEEFRIEME L. NADH &
WHNADPH DA EHLZ 15BRVEEE L. ELCREBZErbh o,

@ REMH
~ FF#ERRE % -20 'C T 7 ARMRTEL 7285, DT-diaphorase EME5 EETF L
Bho . . F—0OMIaE D NADPH-UQ Reductase SEME G A E38 5 2 &1
BETFL. 7 BRICRMIBERAREROEEDR 20% 2% TET L/ Fig. 4),

100 0—O0—0—0—0—0
1 DT-diaphorase Activi
2 8o- p. ty
=
°
< 60-
Ry |
£ 40-
e
o )
o
& 0.
{1 NADPH-UQ Reductase Activity
0 I 1 1 1 i I 1

0 1 2 3 4 5 6 7
Storage Periods (Day)

Fig.4 Stabilities of DT-diaphorase and NADPH-UQ Reductase
Activities in Rat Liver Cytosol

Cytosol was freshly prepared from rat liver and immediately
cryopreservation at -20°C. DT-diaphorase and NADPH-UQ reductase
activities in same cytosol were determined every dayand expressed asa
percentage of the initial activites of day 0. The initial activities of
DT-diaphorase and NADPH-UQ reductase were 46.2 = 10.7
nmol/min/mg protein and 347 = 28 pmol/min/mg protein, respectively.
The values are the means =+ SD of three experiments.
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@ BSA & Triton X-100 O$HE

BSA X0 Triton X-100 & & DWW < D A DO REEIEHEIE . DT-diaphorase &%
FBET B2 L AHEIhTVS O, 227, DT-diaphorase &£ & UQ-10 8
TCEREMN IS TS BSA & Triton X-100 DHREKRETF Lo ZORR .
DT-diaphorase &M &, 1 X 107 % 5 1 % O VEEFEE O BSA & Triton
X-100 (IC& 0 B F12 ~4 1) dhi Fig. 5A), —H. R—DARED
NADPH-UQ Reductase &1 (&, 0.01 ~ 0.5 % O ¥k VERE R O Triton X-100
T.XATHEZAE 0.08%) BREZh/AH, BSA TrE LABEES W £ (Fig.
5B)o

(A) DT-diaphorase Activity (B) NADPH-UQ Reductase

Activity
1000 1000

‘5 ]
Q 3 Triton X-100 ] Triton X-100
5 %
0 oy
< £
q) | -

'._
£ o 100
£ 5 :
= < BSA
7))
C m
Ig

0
g o
° 10 b Sy B Bk Jkbbe Bdhides Bdhiden M 10 IO TR TR VTR T ey

106 104 102 1 102 106 104 102 { 102

Concentration (mg/mi)

Fig.5 Effect of Bovine Serum Albumin and Triton X-100 on
DT-diaphorase and NADPH-UQ Reductase Activities in Rat
Liver Cytoaol

DT-diaphorase and NADPH-UQ reductase activities were determined in
the presence of the indicated concentrations of BSA ( O ) and Triton
X-100 ( @ ). The values indicated a percentage of the activities in the
absence of both BSA and Triton X-100. DT-diaphorase and NADPH-UQ
reductase activities in the absence of BSA and Triton X-100 were 13.7
nmol/min/mg protein and 123 pmol/min/mg protein, respectively.
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@ DT-diaphorase BREH|D%HE
Dicoumarol (& DT-diaphorase D WG AERI TH 2 808) 2~ v 5.
BT #f2 E 1D DT-diaphorase &4 & NADPH-UQ Reductase &M 34 T 3
Dicoumarol D BHE R £ 185 L%z, Z O# R . DT-diaphorase SEM (£ .
Dicoumarol @ 1nM LI EDRE THEBEE N, 1 uM TIRIZIFELICEAEZ A h /-
(/C50=6.5+0.7nM) (Fig. 6), L L &4 >, & C#MEIE O NADPH-UQ
Reductase i&f%(3. 1 4 M Dicoumarol Ti2iF & A ERIE S h ¢, =4 ClAE+
DIl 10mM P LB T H - 7= (IC50=16.0+1.0 M), % 7=, DT-diaphorase i1 .
Warfarin %2 % Flavin Adenine Dinucleotide (FAD). Flavin Mononucleotide
(FMN) 8981 wRRZe X h 3 #*, NADPH-UQ Reductase SEf(EZ 1 5 1= &£ 1) 3 &
AEREZNT. FADYFMN Tl LA{BEX h (Table 14),

G
o | NADPH-UQ
8 100 O~/ Reductase
g 1 Activity
7] 80
235
| .y
g g 60 -
£ g
22 40-
S0
e
3]
S 20 4 DT-diaphorase
°© Activity
O\ 0 __H

None 10-10 108 106 104 10-2
Concentration of Dicoumarol (M)

Fig.6 Inhibition of DT-diaphorase and NADPH-UQ Reductase
Activities in Rat Liver Cytosol by Dicoumarol

DT-diaphorase and NADPH-UQ reductase activities were determined in
the presence of the indicated concentrations of dicoumarol. The values
indicated a percentage of the activities in the absence of dicoumarol.
DT-diaphorase and NADPH-UQ reductase activities in the absence of
dicoumarol were 46.2 = 10.7 nmol/min/mg protein and 347 + 28

pmol/min/mg protein, respectively. The values are the means = SD of
three experiments.
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® Cibacron Blue-binding Agarose Gel Chromatography (= & % DT-diaphorase &

DT-diaphorase Activity
( O , nmol/min/mg protein)

£ & NADPH-UQ Reductase &% M 4 B

7 v MET#EBRE ) DT-diaphorase i&1%t & NADPH-UQ Reductase &1 &
28t Y 3 7-8 . Cibacron Blue-binding Agarose Gel Chromatography % {T -
/-#&8R (& Fig.7 IC7RT, DT-diaphorase &0 93.8% (3 50% Ethylene Glycol
& 1mM NADH £ & ¢ 20mM Tris Base (pH 10) ic & WA LA, —FA.
NADPH-UQ Reductase (& . Cibacron Blue-binding Agarose Gel (CIZ & A & &
&€ 9. 0.15M NaCl » 5 3.5M NaCl AD;EEDE % » T TWVWB @D T, £3EMH
D 99.0% » BH LU A, 2D & 5. NADPH-UQ Reductase &1 &
DT-diaphorase ‘&t & & . MEW P B WR &3 7 T4 <. Cibacron
Blue-binding Agarose Gel Chromatography IC& V). BWIERICHBETZ 2 &
o, REIBREQETHIZErBALOIELE -,

A B c D EF G

1250 - >, 2000* + ; ‘ *; * 20
|5 = i : PRSP '

S o ;
10004 < § o
| @ 5 1500- £

8S o c

750 5 & &
® € 1000 ~

o £ ©

5004 g © 3
35 E c
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Fig.7 Separation of DT-diaphorase and NADPH-UQ Reductase
Activities in Rat Liver Cytosol by Cibacron Blue-binding
Bio-gel A-5m Chromatography

Cibacron blue-binding Bio-gel A-5m (10 ml) and rat liver cytosol (10 ml)
were mixed and incubated at4°C. After 1.5 h, the gel was packed into a
column and eluted with buffers asfoliows; A, 0.15M NaCl. B to C, linear
gradient of NaCl from 0.15M to 3.5M. C, 3.5M NaCl. D, 5mM Tris-HCI
buffer (pH 7.4) containing 3.5M NaCl. E, 5mM Tris-HCl buffer (pH 7.4). F,
20mM Tris-base (pH 10) containing 50 % ethylene glycol. G, 20mM
Tris-base (pH 10) containing 50 % ethylene glycol and 1mM NADH.
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(6) #E2E NADH : (quinone-acceptor) Oxidoreductase 3 & U° NADPH : (Quinone-
acceptor) Oxidoreductase & DE[F
Fy b RNBET T2 POFMBEIC (& . NADH (quinone-acceptor)
Oxidoreductase & NADPH : (quinone-acceptor) Oxidoreductase #* BLH & h T L
%o HIE (X NADH D& BT 5k & L. 20EMIE Dicoumarol T2 < fi= &
h ¥, Adenosine Monophosphate (AMP) ¥ 2,4-Dinitrophenol TEEE & h % & 3§
BERTWB M, 7, %#FE. NADPH £ T4 < BULAES 55 NADH SR
SEE L. E5ICZDFEME. FMN TIRESITH 3 » FAD TREZHh, L2b
2,4-Dinitrophenol TR 2<HEIh LW EHELTATWE M, Ly ST, 2h
SEEFRDHFE L. #MIE NADPH-UQ Reductase BN EAETHS £ bEZ b h
%. L» L. Zv MT#HIFEE NADPH-UQ Reductase (. NADH. NADPH ® & %
5bBBTHEMKE L Fig. 8). NADPH & NADH %[RRI L T 5 54O iR
PREOhEWZ & (B=E. £—&. Table 15 ZM). % /=, NADPH-UQ
Reductase &£ (4 2,4-Dinitrophenol ¥ Dicoumarol (=& WEEZE X h 355 AMP -
LE&<BEFEIhEVn L (Table 14), &5, ZDiEMEE FAD 7213 T4 < FMN
DAEMTHEES LB &n 5, MIBE NADPH-UQ Reductase (& NADH :
(Quinone-acceptor) Oxidoreductase ¥ & U NADPH : (Quinone-acceptor)
Oxidoreductase DHIFIC LB EBTUBATE T, BONPICRLEZBETHS =
Ehbhols,

(7) Cu?*,zn?*-s0D ¢ DERF
Cadenas 5 (& Cu?*zn2+.sOD #* Superoxide : semiquinone Oxido-

reductase 5i£ &R ¥ % Z & 538 L. Superoxide Anion O2°) #354x T 3 RRIC &
FIX/ALEMEBRTTE L HELL D, Lo Lars. 5y kTR
B NADPH-UQ Reductase j&tt(d. Cu?*,Zn?*-SOD FAEHIT 4 3 KCN %) % 05
HZEHTH S Cytochrome ¢ TEFEBEZ I H > /= Table 14), Z h 5 DiER
(&, #H2E NADPH-UQ Reductase #*, "Cu?*Zn?*-SOD I & 3 & ) T & 3 FJAEHE
ERET D,
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Table 14
Effect of Various Quinone Reductase Inhibitors on NADPH-UQ Reductase Activities in Rat Liver
Cytosol

Published Data Csofor NADPH-UQ
’ Reductase Activity a)
1Cgp (UM) References (M)
Mitochondrial Electron Transport:
Antimycin A Stimulation 77) No Effect
KCN Stimulation 77) No Effect
NaN3 Stimulation 77) No Effect
Rotenone Inhibition 77),88) No Effect
GolgiMembrane NADH Dehydrogenase:

KCN Stimulation 8) No Effect
'NADH-cytochrome bsReductase: I
CaCl, ' 8,000 90) No Effect

MgClo 18,000 90) Stimulation
Microsomal NADPH-UQ Reductase: | T
NADP* No Effect 91) Inhibition
DT-daphorase: T
Dicoumarol ; 0.001-0.1 80),81) 16.0+0.6
Warfarin 35 92) > 7,500
Chlorpromazine 500 80),81) 2,500+60
FAD 500 80),81) Stimulation
FMN 7,000 85),81) Stimulation
NADH: (quinone-acceptor) Oxidoreductase: |
AMP Inhibition 94) No Effect
Dicoumarol No Effect 94) 16.0+0.6
2,4-Dinitrophenol =160 94) 990x20
'NADPH : (quinone-acceptor) Oxidoreductase: |
Dicoumarol =40 94) 16.0+0.6
2,4-Dinitrophenol No Effect 94) 99020
FAD Stimulation 94) Stimulation
FMN No Effect 94) Stimulation
‘euw?tza?*-sop: e
KCN ' Inhibition 96) No Effect
Plasma Membrane NADH Dehydrogenase: I
Glucagon Stimulation 18) No Effect
Insulin Inhibition 18) No Effect
NaNg Inhibition 18) No Effect

a) The values are the means = SD of three experiments.
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B=H ERBLUNME

£ =

BMES NPTV UQH, BRGNS, Sy NEBRT, 3 —EDETHETHIES h
BT, EFERICAIS DO UQETHIBNTRETIVEN H 5 & T8 hr’, 22T
B BEROE, 245y MIBAES2— FO UQ BT EMER/BRAL LS.
NADH £ U NADPH FE T THEV UQ- 10 BTEMER T L 2B, 2hd5D
UQ-10 BiEED 5> 5. NADHEFEETTO UQ-10 BTiEM IR, I F 3> K1) 7IFR
$HO Complex I FAE#I Rotenone (Z& WFA®E & h. Complex I [A=EE
Antimycin A X* Complex IV [HE&|D NaNg iC& ) BEEh3 2 &n5, I FaL K
THEREDOERICL 26D THZI I LW REEME, LAL. NADPHELETTOD
UQ-10EmigtE (. NADH FER LU B 2EE< . LAH I a2 K 7IFIRSERE
BROFEBEL2<{BUEVWIEPS, Sy MIFRICIR. 3 b2 KU ZBELISMNC &
UQ-10 2 BT T 3BERDFEIRER S Wiz,

7y MNTERES O UQ-10 BLEEOAH AN L2, BFAEY X — hhO)
£ UQ-10 BETEMEDK 67% P MREICHEEL TV, £/, ZOLEHEOLE T HE
REFrRLEVWIENBHOINE, 510, HEEAOLOMBEESDEAG. &M
BERDY—H—BREEOUEN» 51 ~6% THBZ & (B—E, E=L. Table2%
f) 7 5. NADPH & 3\\M& NADH OFET. 5w MFRES X — rhICEBH O A3
UQ-10 BiEtEld. FICHMREICHET 360 THIZ b - = ULDPH,. 2O
AR REOMANECEASBBRNEICL)ERTIZ LS, BEICES b
DTHBI3ZENASH EL 5 1=,

Ernster & Forsmark-Andrée ®2 (3, #BINT UQ # BT 3®BEE LT, 3 FO>
1) 7 X #f2kE > NADH Dehydrogenase Ofts, 3 & 0 — L0 NADH-cytochrome
bs Reductase *» NADPH-cytochrome Reductase. #I§2E® DT-diaphorase % % T
W3, /. IV IHEED NADH Dehydrogenase b4 A EBEDEAT. UQ £87¢
THERESIN TV Y, &5(C Shigemura 59 25w FIFI 270V — ABESIC 3
SUVRAV-LBEBFRERBRELERL 5. UQ-10 8 TEE NADPH-UQ
Reductase) "#HET 3 LME LTV, LA LED D, BEHN S v MIHBEEICEH
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L7 UQ-10 BBz iE e, NADH &Y NADPH #H5 £Z 15 S WEEHET 3
NADPH &R0 ABERTH Y . BROI 2L K1) PRETON2 T SkE 8, 5
i 79 ¢) NADH (Z1%7789% Dehydrogenase & 3885 B ICREBBETH 1=, T 7=,
Ty MHEREADI 7OV -LEORANSEZZ L, 370V -LEOERICL S
%@?Eﬁmt%%éﬁto%ﬁ\ﬂﬁENMPHUQRMWm%%%u\ZﬂB%
DHFEE S D * / B TEROBERPHERICH T SR L RE > T s,

1958 £, Ernster ° (3, S v MIT#EBLE I NADP)H F7E T DCPIP #38T 13
% & U T DT-diaphorase 2 ¥R L7, ZMD#. DT-diaphorase (& Menadione % &
TT 3%/ BTEETHIZENPES »ICE h i 9O, DT-diaphorase (.
Menadione DIEICHTEL DX / ALEM EICF T FF/ ALEMXPIVTLI/AF
fSENE VN UQ-2 DL I LFEHUQ REHEEFERTHET SN UQ-10D LI LR
HUQ RIEHR 2TAEBT LBV ERE S TWA S, L L, Takada 58 3. EL
Ty FOFFMEIE FIC NADPH 272 UQ-10 28T T 2B REME 2588, 2 DEMNED
Sephacryl S-200 Gel Chromatography T DT-diaphorase /&4 BILEE R T 2 &
LA, MEENr BEWICHBEhE w2 &b 5, DT-diaphorase (& UQ-10 #:8T L 5
IMETHI3ZEEBHOMICLE, LA LENSEEODRHELAS Yy NITHIEE
NADPH-UQ Reductase (&. BFHSED IR REM. Stimulator MgV, 4D
DT-diaphorase BEEH (3§ 2 B4 & ED L& H 5 . DT-diaphorase &4 {E52a9 14
BENEULCELESZ2EERLE, 51, MBEFREHIE. Cibacron Blue-binding
Agarose Gel Chromatography IC & WFERICHETI 2 NS5, EWIRAES X/ &
EMEMETHE LN ER oL,

Frei 5 232 h SEEEDE, #MIZE NADH : Quinone-acceptor) Oxidoreductase
X NADPH : (quinone-acceptor) Oxidoreductase. Cu?*,Zn°*-SOD 44K T UQ %
Et L D PEBERDERFICH T T3, NADH : (Quinone-acceptor) Oxidoreductase &
NADPH : (quinone-acceptor) Oxidoreductase (& . DT-diaphorase & 3t(C Menadione
FRTT3F /O BTMELLT. 7y MTHERE CREE hi 9, Z0#, Koli 5
MCky TRITERE L VBMERI N, ZOREENBAS,ICE NI, £7-1988
£, Cadenas 5 % {& Cu?*,Zn2*-SOD »* Superoxide : semiquinone Oxidoreductase
EEER L. 02" 25 O, NOFMERISETOIRIC. #ETZ X/ e eEETT
BZLERELL, LLENS, BEEHN Ty FIFRMIEICZAY /- NADPH-UQ
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Reductase /&% (d. Cho% /U BTEE L. 7 OEEFICESHCHT 3 28 4
CRE- TV,

CHhSOBERLP S, 5 MTHIRE NADPH-UQ Reductase (4. & h® TIo3RE &
Nex/ UETBREGALNICRES, FROX/ CBTERTHI ZENFEL » &

Lol
i\ &

() v MRS E. NADPH DT, UQ-10 38T T sBEFEELE, 20
BRI EICHREICHEEL. SFHS5FE LT NADH &£V H NADPH /5 % &Ly
EHE T35, —FED NADPH {&7E14DE%% (NADPH-UQ Reductase) T& - 7z,

(2) v MEFBE#MEIE 0 NADPH-UQ Reductase & DT-diaphorase (&, ZDH4&EH
F 4 3727 Th <. Cibacron Blue-binding Agarose Gel Chromatography (Z & ¢)
BEWCOBT2eD5, BLdBETHIZENPBELN L, )

(3) v MIFEEAEEZE NADPH-UQ Reductase i, £ %/ L B TBEOMRESCH

‘ TEIFEN 5. BENICEETIBRNO X/ U ETHRC G RE3HEANDS )

BITEMETHI LI REEI N,
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F=F Sy MNFHBEBILEX ) U ETEEONE

AIET. NADPH 2EFH54k & ¢2 UQ BxBREME . Ty MFBAICEL
%ﬁTéﬁ\%@k¥ﬁﬁtﬂﬁ§ﬁ%ﬁ?é:tt%wtoL#E\MEEGUQE
TEERENEG . XERBEAMOF / VBRITEER L OEEEOLE S, 5, FHROF / VBT
RTHIUREMENI SV L EBO 2, ZITKRETIR, FFAEIRED UQ BTEROHM
HICOWTHMICKRET L £,

S FAREIE X/ CRTEREEAER ORISR

7y FTREUQ ExBEREHHOBELEL SN0 T, BEEOKREHICET -
T, &7 ZORENLEERNEEERITIVEN S D, 22T, AE TR UQ BT
BFEIMEAED 7= OERIORGORE £ 17 12,

XRAE

(1) Fr#ERREORH
F—E. FITH. RBRAK-OICREVL. 888 (170~180 g) D Wistar el
7 b (SPFEM), BRI XTIV —#%REH) OFFI &L VBRI L /-,
(2) UQ-10 BEiEMERIEE :
UQ-10EciEMEl. BERICIE, 28, £—8. ERAEQICK->TAE
Lico 270, UQ EcEBFEEANEDOEBIWRTOVLEL, TEL AR DOV
TREZDOEEELR L /-,
(B) EREENEER:
B—E. F—H. ERAECURVEE L1,
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RERER

(1) RISEELZ>ICEAGEDHE

7 v MFHIRRE UQ BxBERICL 3 UQ-10 DETEOEMNTILE . UQ-10 D
ETEICKIETHRENEQHSE @FRE) NDFE® Fig.8 ICRLA, RIEHE 1 ml
EVEAE 1 mg AHOMIREZMA 2. UQ-10 ETERISEA» 5 30 9% T
—TEDEE THITL. UQH,-10 X EIRAVICHEML £ Fig. 8A), /-, EEEET
BITAMETLAZ1090RICRICEMEBEEL. FMTI2E0HEE @RES) £ XL
HTUQ-10DETERALEZS, ISR IM AW ESE 4mg £ TOREFHET
UQ-10 D Zc E EARAVICETT L /= (Fig. 8B), L d. SFHE S5k E L T NADPH,
NADH D E 5 5 AW T HEMRBEHIE >N 7/=5. NADH £ V) H NADPH %
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Fig.8 UQ-10 Reduction by Rat Liver Cytosol with NAD(P)H as
Hydrogen Donor

(A) Time course of UQ-10 reduction. The reaction mixture (250ul) was
consisted of 50mM Tris-HCI buffer (pH 7.4) containing 0.08% Triton
X-100, 50uM UQ-10, 0.5mM 2-mercaptoethanol, 0.2mM NADPH (@ ) or
NADH ( O ) and 0.25 mg of cytosolic protein. The reaction mixture was
incubated at 37 °C for the indicated periods. (B) The effect of various
concentrations of cytosolic protein on UQ-10 reduction. The reaction
mixture was the same as (A) expect for the indicated quantities of
cytosolic protein. The reaction proceeded at 37 °C for 10 min.
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WERODAE . UQ-10 DBRTER., $LZ 28E» o/, HEHMS. UQBTE
FEMREICIE., COLPEHROBERIRY IOEBEROMIEEE (EF. EOEE
E LT 1 mg/ml) &G (10 2f8) TRIET 32 & Ui,

(2) UQ ExEREEDODERFRE & EHE pH
Zv MTHEREUQ ExEBFEROEEREES LUBFpHIC OVLWTHKR L A-ER %
Fig.9 ISR U 72, 37 CORISERE TOEM pH . NADPH, NADH W\ h ) BF it
5tk%# =8 TH pH 7.4 (50mM Tris-HC| $BE3%) (HE T & o7, ¥/ . NADPH
EHVABEOEMIZ. NADH £ VB & HEBL. $2~3 1555 - 7= (Fig. 9A),

(A) Reaction pH (B) Reaction Temperature
500 500
400 NADPH 400 - NADPH

300 300 4| NADH

200 - NADH 200 -

UQ Reductase Activity
(nmol/min/mg protein)

’ 6%. 1

100 — jﬁ \ 100 -

[ A ﬁ% |

0 A?‘ 1 | 0
4 5 6 7 8 9 0 20 40 60 80
pH Temperature ("C)

Fig.9 Effect of Reaction pH and Temperature on UQ-10 Reduction
by Rat Liver Cytosol

(A) The effect of the reaction pH upon UQ-10 reduction by rat liver
cytosol. The reaction mixture (250ul) consisted of various buffers atthe
indicated pH: A , 50mM citrate buffer (pH 4.8 -6.0); @ , 50mM K-Pi
buffer (pH 6.0 -7.2); (O ,50mM Tris-HCl buffer (pH 7.2 -8.2); ©O ,
50mM borate buffer (pH 8.2 - 9.0), containing 0.08% Triton X-100, 50uM
UQ-10, 0.5mM 2-mercaptoethanol, 0.2mM NADPH (solid lines) or NADH
(dotted lines) and 0.25 mg of cytosolic protein. The reaction mixture was
incubated at 37 “Cfor 10min. (B) The effect of reaction temperature on
UQ-10 reaction by rat liver cytosol. The reaction mixture (250ul)
consisted of 50mM Tris-HCI buffer (pH7.4) containing 0.08% Triton
X-100, 50pM UQ-10, 0.5m 2-mercaptoethanol, 0.2mM NADPH (@ ) or
NADH (O} and 0.25 mg of cytosolic protein. The reaction was incubated
at the indicated temperatures for 10 min.
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Table 15
Additive Effect of NADPH and NADH on UQ-10 Reduction by Rat Liver
Cytosol at 28°C and 37°C

Electron Donors UQ Reductase Activity (pmol/min/mg protein)

28°C 37°C
0.2mM NADPH 200+4 397+23
0.2mM NADH 182x22 10410
0.2mM NADPH + 0.2mM NADH 205+5 390x20

The values are the means = SD of three experiments.

$7. pH7.4 TO UQ BRBROEGREE. NADPH 2 BFMEMH & Lri
37~40 CfIr. NADH #E-FHE5k L L AL 28~30 CIHET. BEL(RE-T
Wi Fig. 9B), B 5. ZOREP 5. NADPH % B AR 0 UQ BT BB M &
NADH %V B0 UQ BTBEEE L t, RESBEICLS L5225 hi,
Lir L # 5, 87 CH&U 28 COVFTIOBET UQ-10 SEITEME £ 8% Ui b
NADPH & NADH DRIBSEN I & 3 EHD BB RAFEB® 5 1 L (Table 15) & &
7 5. NADPH & NADH DL §h 2 BFH5h & LABO UQ-10 BTk s ., B—
DBRICLSbOERADI ., UEDHERS >, LifE, UQ BIBEEMRE, T v
POEFRIREEERL T, pH74,37 CTRETZZ &ICL 1,

(3) BITER L7z UQH,-10 DBERILDRELE

UQH; BIEBICBIL SR TOMETH 578, JBITAER L 7= UQHL-10 DEEE
EEBICFREZHBU L VWRY . MRENEARE TS UQ BTELEKC RS 38K
N H B, KB, Shigemura 535 v FFI s OV — LEO NADPH-UQ
Reductase &M # FRMIRGET TRE T 308, BTER L = UQHL-10 MR HICE
B{Eadh 32 L &83%. 370V~ LE NADPH-UQ Reductase =& 3 UQ-1038
OB/ ZFFC BT, PILIL HXT COEMREEHEBLTWVWS, 22T
UQH,-10 DER{ERGLEE] & U TP 2-Mercaptoethanol DR ICDOW TR L IER %
Table 16 (C7x U 7=,

FRMEETTOUQ-10 BLiEER . ERAXTTO UQ-10 BT iEE & g
LCTHRBICES ., FRIOEGTTE. BB52ISRTER L= UQH,-10 DEBEBR{EH R
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Table 16
Effect of 2-Mercaptoethanol on UQ-10 Reduction by Rat
Liver Cytosol

Conditions  UQ Reductase Activity (pmol/min/mg protein)

+ 2-Mercaptoethanol  --2-Mercaptoethanol

NADPH
Air 450+32 35927 *
N, 447x27 44320
‘NADH:
Air 202:2 15121 %
N, 202:6 209:9

The values are the means + SD of three experiments.

* Significant difference at level of P<0.05 compared with the
presence of 0.5mM 2-mercaptoethanol under the same
conditions, using Student's unpaired ttest.

CoTWBZEERLE, LA LENS, 0.5mM 2-Mercaptoethanol TZ7ET Tld .
FRWERGFTTHERAITICAE LAKREECRALC T, UQ-10 ETEMEDET
\$E3® S o7, % &, 2-Mercaptoethanol DFEMIRIE . EFHEHFE LT
NADH,NADPH D E 6 5 ZHWHEBH 5hiz, ShSDOFER LS5, UQ-10FETT
AEDBIEG . £ L 7 UQH-10 DEBEBEERF C 728, FFICKEN K VRRY .
0.5mM 2-Mercaptoethanol 777 F CTiT- 7=,

(4) FEEMRIORE

BTE. FTEICHW T, Triton X-100 (F M2 E NADPH-UQ Reductase &%
EEETSI &R, 2 T. NADPH-UQ Reductase J&MEIC3t ¢ 2 SHERE &
MEIDIRICOWTHRET U /=, R Table17 ISR U7, 1 4 U EREEMER TR,
Ba1 4 AEFR EEMER M o F 2SR EEMER £ 5 NADPH-UQ Reductase J&iE %
fBHEL 72, P& 1 A U EREE14EH]E NADPH-UQ Reductase &M #fBE L /=, ¥
Foo FEAF EREEMERITIE, Triton RFEEMEH NADPH-UQ Reductase &
HEELMRELE, LALEDNS, Tween RAEEMHI T3 Tween 20 O & 1%5&
MEEREL., BICEEEMAETLA, £, Brij RFA@EBEMEIX® HCO-60 H
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NADPH-UQ Reductase Et ZBE L /=, KRIC. 0.08% Triton X-100 2 W\ T
NADPH-UQ Reductase & {BEMBIC DLW THRET L 2 & 2 A, Triton X-100 &
NADPH (C3 ¥ 3 Ky BICIERB%E 5% &t H - /- (Triton X-100 FET = 13.8 M,
Triton X-100 FETFETET = 140 uM) P\ Vo EZ EF & € /= (Triton X-100 FZET =
103 pmol/min/mg protein, Triton X-100 FEFZ7ET = 344 pmpl/min/mg protein), *
7=. Triton X-100 (&, EFREETH 2 UQ-10 ST D Vg BICEEBEEZ LD 5
7= (Triton X-100 7E7EF = 398 pmol/min/mg protein, Triton X-100 FJE7F7E T = 406
pmpl/min/mg protein) #*. Ky, % {ET & ¥ /= (Triton X-100 7Z7ETF = 85.4 u M,

Table 17
Effect of BSA and Detergents on NADPH-UQ Reductase Activities in
Rat Liver Cytosol
Detergents @ NADPH-UQ Reductase Activity
pmol/min/mg protein %
None 79.2+3.9 100
BSA 76.6:9.9  94s11
Anionic detergents:
Sodium Dodecyl Sulfate 15.7+0.5 19+0
Sodium deoxycholate 62.2+3.6 76+3
Cationic detergents:
Benzalkonium Chloride 44110 553+37
Cethyltrimethylammonium bromide 144+5 190+11
Amphoteric detergents:
CHAPS 93.5+£2.9 123+6
Non-ionic detergents:
Triton X-100 442+10 553+24
Triton X-114 440x12 545+17
Triton N-101 377+6 485+16
Tween 20 254+5 312+16
Tween 60 38.3x1.8 612
Tween 80 49.6+1.2 61x2
Brij-35 ' 34.8£1.7 46+3
Brij-56 34.0+1.2 442
HCO-60 34.1+0.7 42+11

The values are the means = SD of three experiments.
a) The concentration of each detergent used is 0.08%.
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%

=

Triton X-100 FEFFET = 3.3 kM), UQ-10 REVERKED 1V TL / 1 FRISEEH
D, ZDE F TRARDRSEPICH—ICHBLEY, TASDEEN SR T,
Triton X-100 (&, UQ-10 ZKRIBEF ICH—ICHB @IRL) s B 2 &ick V), B
EPFLOUQBEEARUENEMERSICLTVWE3HDERDISE, LALLED S,
RMUFESAFEREESERITH, OIS 71"‘/'&5%@%% &L . NADPH-UQ
Reductase ‘& ZfHE L7z, 2hid, $Z5< . REEMEEII b TOUQ-10D
BFEREICELZHDEE DN S, Takada 5k, HCO-60 TRIFF{LL 7= UQ-10 (&,
HCO-60 X ZILOEKMEDE VR DHMEICEICEFEL. SABHASDBTEZIFICC L
B3I EERLTVE O,

FEA A EREEERGEAES FICH ULEERIIBMICIER T3 /20, BEBER D
B DMHELFIBAEhTV3 %), 2 hit, UQ BT EHNBEICIR., FE1 4>
HREE RO b TR HIEVEREER£E T 3 Triton X-100 2, BbiEMEERE
HE L 7 0.08% DIRE GE_F. £H. Figs 2R)THEMT 32 &IC Lk,

ZH FMRELEX / RcEEROMHE

RIETT. T v MTHRE UQ BxEBREOELAEOERISME EMEIIL A, FET
ZORERAFT T, v MIEIRE UQ BxBROME 2 3# ISR L s,

RBHE

FrAlE DR :

B8, BH . RBRAEQ-OICiEv. 8iBE (170~180 g) M Wistar Rk
7 b (SPFEM), BAI XIS —H(XE) ORI L R L /=,
UQ-10 E/EMERIE % ¢

B_E. B—E. ERAZQICREVEIE U7,
UQ-7, UQ-8, UQ-9 LU UQ-11 ExiEtERIE ¢

0.08 % Triton X-100, 0.5mM 2-Mercaptoethanol, 0.2mM NADPH, S #& 1
mELVERE1mg ENF v MTHIRE & UQ-7,UQ-8,UQ-9 & % M UQ-11
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OV hh D UuQ B 50uM %46 50mM Tris-HCI S2 B PH7.4) 5% 3 K
o7& 250 yl %, 37 CTIEFEIC 10 #fREREB L . n-Hexane/Ethanol 3 :1)E 3.5
mEMABZEICEYRISERLEL 2, RIGHED 5D UQ REEDOHE - i2iEE
fERETE., A, ERAEQICHWTo A, BITER L& UQH, RIEHED
B - &, Okamoto 5N HE D £#AVE, &UQ BAREDETEMRE. 145
RH-VEREEEL UT1 mg DHREIETT 3% UQ REEE (pmol/min/mg
protein) & L TR L 7=,
(4) BEAEENEER :
E—8. £—8. ERAEOIRVER L 1,

KRR

(1) UQETEBEENREMH

7w b RT#ia D NADPH-UQ Reductase (. -20 CTOREICH L T HARR
ETCHY. 7BEDORETH20% ICETEEIETTI3ZEEBRICRLE GBS,
SE_Hi. Fig. 4 M), COREODER &L T, BEASHBBROMES LBESFLD
SHEDEBENEZ Shhiz/-td. BLDEANBEFEEZ [£E Protease FAEHI

(EDTA). Serine Protease [ &l (Phenylmethanesulfonyl Fluoride). Aspartic
Protease fEEH| (Pepstatin A)] & SH {LEMPBRH ABRO DR #HANH. W
h H NADPH-UQ Reductase DRIFICH U TR EBIEFER T & b - 7= (Fig. 10),
ZD & HIC, #EIE NADPH-UQ Reductase IR ICARET. BREEBZEZAWNT
DEMEHORNEAETH -7z, 22 TLUE. ROBSVWEEEATIHEEEOME
B2X0FEHAWT, ZORBMEEERET L /)

Zv MTHlE 24D pH T37 C, 1 EMEHE. EEERIEL TUQ ETE
Z0OpH REMELEB U /HERE Fig11 ICRLAD . NADPH,NADH O &5 5 # 8
FHSEHE LFD . pH75 HETOREIROBLETCH 7%, ZIT. pH74 T
? NADPH-UQ Reductase D EBE TOREMICOVWTHRFE LA EZ 5,
NADPH-UQ Reductase (& 20C DIEDBETEEXPHIICKF L. 37 C, 1 BEEOF
BEICE., BEZ 50% PREL /= Fig12A), L2 LEaEH»S, EED 0.2mM
NADPH & % \M& NADH OHET ¢k, NADPH-UQ Reductase i+ 40 C, 1 BEE D
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Fig.10 Protective Effect of Protease Inhibitors, 2-Mercaptoethanol
and N, Gas on Inactivation of NADPH-UQ Reductase in

Rat Liver Cytosol

Cytosol was freshly prepared from rat liver and immediately storage at
-20 °C without (O ) or with mixture of protease inhibitors (2mM EDTA,
1mM phenylmethanesuifonyl fluoride and 1 x 10-7M pepstatin A, 4 ),
0.5mM 2-mercaptoethanol () or N,gas (). NADPH-UQ reductase

activity was determined every day and expressed as a percentage of
the initial activity of day 0. The initial activitiy of NADPH-UQ reductase
was 473 = 32 pmol/min/mg protein.

FRETH, 13T 100% DFEEEMIE Lz, —FH. HI—DDOHED 50 uM UQ-10 I
(&. NADPH-UQ Reductase DKiEEHZ 2B hh > 1, £/, 37 C THRRE
Z{EER3 & . NADPH & & U NADH FEBFHRET TORE . BBBEICHEEL TS
V. SERMDRBTH 28% ICETET LA, LALEN S, 0.2mM @ NADPH & 3
L3 NADH O#FTTE. SEMORBHETH. 1Z1F 100% O EMEIMHIZE h 1
Fig.12B), 7=, BEIF R4 3 &, 50 uM UQ-10 I & TF NADPH-UQ
Reductase DREZHMA DRI R 5 /- GEEORETH 55% 12 TET),
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% of Remaining UQ
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(A) NADPH-dependent UQ  (B) NADH-dependent UQ
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Fig.11 pH Stabilities of UQ Reductase in Rat Liver Cytosol

% of Remaining NADPH-UQ
Reductase Activity

pH stabilities of NADPH- (A) or NADH-dependent (B) UQ reductasein
rat liver cytosol at 4°C. Cytosolic protein (1mg/ml) was incubated with
various buffers atthe indicated pH: A , 10mM glycine-HCI butfer (pH
2.0-3.5); A . 10mM citrate buffer (pH 3.5-6.0); O , 10mM K-Pibuffer
(pH6.0 -7.0); ® , 10mM Tris-HCl buffer (pH 7.0-8.0); OO , 10mM borate
buffer (pH 8.0-9.0); W ,10mm giycine-NaOH buffer (pH 9.0-10.5).
Atteran 1hincubation, UQ reductase activities were assayed.

(A) Thermostability (B) Time Course of
Inactivation at 37°C

7T 0 T T

T T T T
0 20 40 60 80 0 30 80 90 120150180

Temperature ("C) Incubation Time (min)

Fig.12 Thermostabilities of NADPH-UQ Reductase in Rat Liver

Cytosol

A Thermostabiliiy of NADPH-UQ reductase in rat liver cytosol.

Cytosolic protein (1mg/m! of 50mM Tris-HC! buffer, pH 7.4) was
incubated at the indicated temperatures without (@ ) or with 0.2mM
NADPH ( a), 0.2mM NADH (A )or50uMUQ-10([] ) for 1 h. (B) Time
course of NADPH-UQ reductase inactivation in rat liver cytosol.
Cytosolic protein (1mg/ml of 50mM Tris-HC! buffer, pH 7.4) was
incubated at37°C for the indicated periods without ( @ ) or with 0.2mM
NADPH ( A}, 0.2mM NADH ( A )or 50uMUQ-10 ([0 ).
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(2) BFHSHE

7 v MTHEERE UQ BcBEFE D . NADPH H & U NADH I T3 Ky & Vinax
EZ S U /-fER % Table 18 IC/R L 7=, NADPH (£, NADH & V) #) 18 f5Bh A~ EF
HE5ETH >/, /-, thDETE Adenine Nucleotide T {d. NADPH & NADH @
Adenine lEHFD 6 DT I /K ERL I Dear;wino NADPH & Deamino NADH &
T, FRIEEZ M UQ ExEROETHRERE Lo/, BH. Ky EE Vi BED
Lte# T3 . Deamino NADPH (&, Deamino NADH & V#7118 fERWEE TH - 7=,
F /. Adenine #E 2 ZL£ICRAM L 7= ETE Nicotinamide Mononucleotide
(NMNH) 2 UQ ExcBEOETHEFICEES L P > =, EBELE Glutathione
(GSH), Cysteine *> 2-Mercaptoethanol % & ® SH {t&%), Ascorbate, Erythorbate
bUQ ETEREDE SR & d% 5 & » -7, Dithiothreitol & Dithioerythritol (.
FEMEFEAYIC UQ-10 EBTT L 7=,

Table 18 .
Reduction of UQ-10 by Rat Liver Cytosol in the Presence of Reduced Adenine
Nucleotides, Ascorbate, Erythorbate and SH Compounds

Addition UQ Reductase Activity 2 K Vinax
(pmol/min/mg protein) (M) (pmol/min/mg protein)

None ' 0 N.D N.D
NADPH  4s0:20 - 14.4:25 461:28
NADH 2099 259222 463+28
Deamino NADPH 41368 31.7+2.5 459+16
Deamino NADH 160+31 557+46 463+17
NMNH 0 N.D. N.D.
Ascorbate 0] N.D. N.D.
Erythorbate 0 N.D. N.D.
GSH 0 N.D. N.D.
Cystein 0 N.D. N.D.
2-Mercaptoethanol 0 N.D. N.D.
Dithiothreitol Non-enzymatic reduction
Dithioerythritol Non-enzymatic reduction

The values are the means + SD of three experiments. N.D., Not determined.
8) The concentration of each compound used is 0.2mM.
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UQ ETEENOEHFRE 2L »ICT 3 /1- 0. B8{EE! Adenine Nucleotide (C
&35 UQ-10 B/ DHEFIDRICOWTHRET U /- (Fig.13A), NADPH #EFit5
fR& U BF0D UQ R TBER AN . Adenine i 2' fiLlC U S BEEL # # D ER{LRY
Nicotinamide Adenine Dinucleotide Phosphate (NADPY) X Z O 7+0J TH 3
Adenosine 2'5"-Diphosphate (2',5-ADP) {C & W iR S BIICFAE & h /= NADP* (I3
% K {61 M, 2'5-ADP (LT 2 K fE120 u M), LA L. 2'fiLICY) S BRE #1357
% WER{EE! Nicotinamide Adenine Dinucleotide NAD*) 2O 7 + 07 TH 3
Adenosine 5'-Monophosphate (AMP). & 5 |C Adenine & % & < Bg{L &
Nicotinamide Mononucleotede (NMN) (&, NADPH # EFt5 4k & L= O UQE
THREEELHET LED > 2, RIROZERIE NADH 2EFH54kE L UQE
TEREMTHEBH 5N/ NADPT IC3§ 5 K fE59 M. 2.5-ADP (Z34 T 5 K fE

(A) NADPH-dependent UQ (B) NADH-dependent UQ

Reductase Activity Reductase Activity
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2 ol 2
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Fig.13 Effect of Oxidized Adenine Nucleotides and Its Analogues
on UQ-10 Reduction by Rat Liver Cytosol

The reaction mixture (250ul) consisted of 50mM Tris-HCI buffer (pH
7.4) containing 0.08% Triton X-100, 50uM UQ-10, 0.5mM
2-mercaptoethanol, 0.26mg cytosolic protein, the indicated
concentrations of NADPH (A) or NADH (B) and one of the following

adeninenucleotides ( © ,none; A, 1mM NAD+; A , 0.2mM
NADP+, @ ,ImMNMN; OO ,ImMAMP; W ,2,5-ADP). The
reaction mixtures were incubated at 37 °C for 10 min.
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121 £ M) (Fig.13B), CHh SDERI S5, UQ BTEFRIE. 2 i) VEE %D
Adenine Nucleotide (C3F U TERFMMEI EL. CD#EE®#HF T3 NADPH 2R biE L
REFHERE TS EHEBES N,

(3) BFEHRHE

UQ-0~UQ-11 ® UQ RN, 7 v biT#EEE NADPH-UQ Reductase N'E
FEBREEL L TOBRICOVWTRETL /£,

NADPH-UQ Reductase #"UQ-10 LIS® UQ AR bEFRREETI 4 51E,
UQ-10 &fth?) UQ RIEFENIH£ET 21548, 2hd UQ RAEFE UQ-10 &£, BESE
PFOEXEREESEHUTRE TS0, UQ-10 DANDEFE LR, UQ-10 BTEMENE
CBEP2RTTHB, ZIT. UQ-0~UQ-11 £ TH UQ AIRAEDHIETICH 1T 3
UQ-10 ZciEE 2 /N, R Table 19 (R L =4, UQ-4 LILEDOESE UQ Bk
FLUQ-10 ETEMEEREMICHEL /2, COEBEDRE IC51E. K1ED RS

Table 19
Reduction of UQ Homologues by NADPH-UQ Reductase in Rat Liver Cytosol
uQ Inhibition of UQ-10 Reduction Kinetic Parameters b

Homologues 0 “uM) K @ M) Kin (M) Vinay (pmol/min/mg protein)  Vipo/Koy
uQ-o Stimulation (No Effect ©)) N.D. N.D. N.D.
uQ-1 Stimulation (No Effect ¢)) N.D. N.D. N.D.
uQ-2 Stimulation (No Effect ©) N.D. N.D. N.D.
uQ-3 Stimulation (No Effect ¢)) N.D. N.D. N.D.
uQ-4 14.6+1.8 2.01 N.D. N.D. N.D.
ua-7 29.6+1.6 2.51 2.35+0.12 433x7 182+14
uQ-8 27.8+6.6 2.54 2.53+0.31 46510 191+36
uQ-9 44.0+8.5 2.61 2.66+0.48 487+14 20037
uQ-10 N.D. N.D. 3.27+0.14 461x20 136128
uQ-11 84.0+12.5 3.82 4.45+0.42 437+36 110+26

The values (except for K;) are the means = SD of three experiments. N.D., Not determined.

3) Determined from Dixon plots.

b Determined from Lineweaver-Burk plots.

©  Effect of UQ homologues on cytosolic UQ-10 reductase activity in the presence of 5uM Dicoumarol.
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RV, 1VTL /A FUSHN B L3I EBL LB BERIP» S > 7=, —FH. UQ-3 LT
DFESH UQ AikfFE UQ-10 BoiEEE@E LA, LAL. ZORHRIE. 5 uM
Dicoumarol DFET TE £ <88 5 hk » >/, DT-diaphorase (&, UQ-10 ¥ EiE
BYICI3FE EET L B L. Menadione ¥ 1,4-Naphthoquinone % & DIE#E* / 1t
EMDHET T, Zh 5 » Electron Mediator £ %> T UQ-10 £ L (B¢ 3 81
EEDhTWS, LN ->T. B UQ REEICE 3 UQ-10 BTOREDRE.,
79 3 DT-diaphorase X RE TH 3 L#BEh /i, B, ChODFEEL S,
NADPH-UQ Reductase ( UQ-4 LIED UQ RiEEEEE T3 EMBRSHICE -
7=

UQ-7~UQ-11 [C DWW T Z D Kinetics Parameter AN /-& 2%, T hb
UQ RIEEICHT 5 Ky 1EE. iR OMBFRBROBR ERAE. 1V 7L/ 1 RRIEN
HBBRENESLEBZERD H - 7=/ . NADPH-UQ Reductase DEZICH VR &
DERELT. BUQRIEED Vna/ Km BEEHE T3 &£, ZEICH YR EE UQ-9
=UQ-8=UQ-7>UQ-10>UQ-11 DIETHY) . v hDOE UQ REAED UQ-9 25
BRVWEEETIZ LML PICE T,

(4) SERENOHE

7w bEF# 2 8 NADPH-UQ Reductase &£ (& DT-diaphorase FAZ &I O
Dicoumarol IC & W E dh b, 2D 50% BREIRE (ICso) HEE S D
DT-diaphorase @ 50% EERED 2,500 fSICHE@Y L 2 F_FE. E_&. Fig.6 &
H8), L%, AU < DT- diaphorase BHE#|T&H % Warfarin Tl2IF& A ERE S h
Bh o7 (7.5mM T 20% NDEAE) (Table 20), % 7. NADPH-UQ Reductasel EEE
p-Chloromercuribenzoate X° N-Ethylmaleimide % £ SHEREXI THHEESI h /-,
IO, BROEERE ICHERO SHENEELRE #H O L ETRMET S, &
512 NADPH-UQ Reductase 7&tEld. FAD,FMN D & 5K 7S5 E L MIc L - T
BEdh, 75 HMMETH S Chlorpromazine ICE > THHEEhB3Z & 5.
TJSECHEMETHBI Z EPREE N, /. 24-Dinitrophenol X ATP %
NADPH-UQ Reductase /&1 2 fHE L /=, L » L . AMP % Adenosine
5'-Diphosphate (ADP) & NADPH-UQ Reductase EM 52 <FAE L & 0 o 7=,
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Table 20
Effect of Various Inhibitors on NADPH-UQ Reductase-
catalyzed UQ-10 Reduction

Inhibitors I1Cso (UM) K a) (uM)
Dicoumarol 16.0£0.8 12.4
Warfarin >7,500 N.D.
FAD Stimulation
FMN Stimulation
Chlorpromazine 2,500+60 136
p-Chrormercuribenzoic Acid 80.2+8.4 747
N-Ethylmaleimide 16023 N.D.
2,4-Dinitrophenol 990x20 1,000
EDTA No Effect
NAD* No Effect
NADP+ 1,610+330 61
Deamino NAD* No Effect
Deamino NADP+ No Effect
NMN No Effect
AMP No Effect
ADP No Effect
ATP 7,250x£200 687
2',5'-ADP N.D. 121
CdClo 20.7+3.6 N.D.
CeClj 665+79 N.D.
CoClo 11,400+3,600 N.D.
HgClo 202x45 N.D.
LaCls 660+24 N.D.
TiCly 1,410+80 N.D.
ZnClo 45.2x4.5 N.D.

The IG5, values are the means + SD of three experiments. N.D.,

Not determined.

a) Determined from Dixon plots.
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(5) FAD & FMN D&
Table 20 T NADPH-UQ Reductase " 7S E CBEETH D 2 & PRI hi-/-
& . FAD, FMN (C & % NADPH-UQ Reductase SEMO{BESIER £ & SICEE L  #E
L7=#&R % Fig. 14 IZ7R U 7=, NADPH-UQ Reductase i&fid. &L 7= FAD & 3\
(& FMN OiREICKTFE L THEAL . RXEEIBEOSN3 100 M DIETHET S &
FAD (&K% 26 5. FMN 35 £ 7 3.6 fEEME(BEL £,

NADPH-UQ Reductase Activity (%)

50 T T T
0 50 100 150 200
Concentrations of Flavins (uM)
Fig.14 Effect of Flavin Nucleotides upon NADPH-UQ Reductase
Activity in Rat Liver Cytosol
NADPH-UQ reductase activity was assayed in the presence of the
indicated concentrations of either FAD (@ ) or FMN (O ). NADPH-UQ

reductase activity in the absence of both FAD and FMN was 412
pmol/min/mg protein and was defined as 100%.

(6) EBAFNFE
Z v T2 E NADPH-UQ Reductase i&HEICH T3 BL2DEEBA L DEE
. Table 21 (KR U 720 < DEBA 42 W HPIAEBE R L A, Mg &
Sr2* M & H" 10mM DIEE T NADPH-UQ Reductase &% 5 & 7 1.5 BEE L /=,
Z ® NADPH-UQ Reductase JE£ DB, Mg?, SP*DELLNDEEBT+ 5 H
WBETH 6mM 2 520mM DRESE TRABENRIES I F—2 ERL
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TWEW), BH. UQ-10 8B T 53 70V —LED NADP)H-dependent UQ
Reductase &. 10mM M Mg?* & ) EMD(BES N3 EHMEShTWE ), —F,
RiBE D Cd2*, Ce3*, Co?*, Cu*, Cut, Hg?*, La®, Ti**, Zn?* . WFh b
NADPH-UQ Reductase i&14 2fE U/, Ch SAEEREBLAEEBIA DI B,
Cd2*,Cu*, Cu*, Hg2*, Zn2* (2381 SH 2RI & LTI 2 EFRIDh TS %),
ZDH. ThEeBA T A BELFTFLOSHEEBIETZZEICKY
NADPH-UQ Reductase #F#KiE& b NDEBbh 3, /. Cut & Cu?t 1234
71% UQH2-10 OBIEEB&F T2 7% (F—2ERL TLwi L), NADPH-UQ

Table 21
Effect of Metal lons on NADPH-UQ Reductase
Activities in Rat Liver Cytosol

Addition? NADPH-UQ Reductase Activity

pmol/min/mg prptein %
None 450+9 100
EDTA No Effect
LiCl No Effect
NaCl No Effect
KCl No Effect
CaCl, No Effect
CdCl, 31.7+5.9 71+1.3
CeCl, 36.8+3.7 8.4+0.7
CoCl, 179+14 40.8+2.7
CuCl 0 0
CuCl, 0 0
FeCl, No Effect
FeCly No Effect
HgCl, 0 0
LaCl; 59.3+9.0 13.5+1.8
MgCl, 68442 149+5
MnCl, No Effect
NiCl, No Effect
SrCl, 587+63 139+13
TiCl, 0 0
ZnCl, ' 86.1+0.7 19.1+0.2

The values are the means = SD of 3-12 experiments.
a) {mM EDTA or 10mM metal ions.
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Reductase 2 EIZEAE L /2701 ES PO P THE WY, ZhLUINDEBA A >
(Cd2*, Ce3*, Co?t, Hg?*, La®*, Ti**, Zn2*) (1 NADPH-UQ Reductase #% & #£89(C[8
BELAHBDEHRL TWB, 4. LY, Na¥, K, Ca?*, Fe?*, Fe3t, Ni2*, Mn?* > ¢
BxL —%—T&3 EDTA (& NADPH-UQ Reductase S&IC &< B 2518 D >
2o Mg@?* & Sr?* ® NADPH-UQ Reductase B {BEMIBE 3 L < BRETT B & .
10mM O Mg2* & Sr2* (3, BFHESHTH 5 NADPH (ST 3 K, EICEE 5%
Ehork GBS EHFET = 140 uM, Mg?* 775 F = 14.8 u M, SPPH F#ETF =
145 uM) P, Vqax BEH L Z 14 LF S (8B F 2 HFFET = 394
pmol/min/mg protein, Mg2* 275 F = 574 pmol/min/mg protein, Sr2* TEEF = 567
pmol/min/mg protein), £ 7. 10mM ® Mg?* & Sr** 4. EFFBETH 3
UQ-10 ST 3 Ky EICHBESA LD o7 (RBA 4 L FBEET = 33 M, Mg2*
TFET =34uM, S HEHET =34 M) P, Vo BES L Z15E LR (B
B1 + LI EAT = 406 pmol/min/mg protein, Mg2* 27 F = 603 pmol/min/mg
protein, S+ 727 F = 556 pmol/min/mg protein), Zh 5> DFER . Mg?* & St
P, BELSFLEOERERZSEMLAD UQ-10 X NADPH OFMEICHE* S5 2 §ICE#
ROMBESEEH T TWB L EADYE L,

E=H FFMREIE X/ VEEERICL S UQ ETEiE

X/ UBTEER. 370V — LEODO NADPH-cytochrome Reductase D& > 5 18
FRITER &, DT-diaphorase D & 5 4 2 BFETER L ICHEI N 3, FFHEIRE
NADPH-UQ Reductase (3. NADPH # EF#54 & L. UQ-4 LIEDOE$E UQ Rlikfk
ERTTEF/ VERTERTHIY, 1EFETHERTHIN 2ETEXTHEETHI »
ERRET L 7

KERE

(1) FraREORH :
B—E. B2E. ERHFQ-OICREV. 8B (170~180 g) ® Wistar Rl
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(5)

(6)

7w b (SPFE), BRI XTIy — kX E4t) OB L WS L /=,
NADPH-UQ Reductase i&M4RIEX :

BB, BIH. EBRAEOICHVEIEL 7=,
NADP* DESE :

Klingenberg M 7% 199 (ZfEL. NADP* 2EEE L7
Acetyl 1t Cytochrome ¢ MRS :

Kakinuma & Minakami M 753k 19 (2f¢vy, Acetyl {1£ Cytochrome ¢ % fER L
7o 185 h 7= Acetyl 1k Cytochrome ¢ JFTE DB L. 0.25% NaBH4 DTEFICH 1T
% i 550 nm DRKE DEH 5. FETE Acetyl 1t Cytochrome ¢ ) E JLIESE &
¥19.1x103 em M #EVWTEH A,
Acetyl 1k Cytochrome c @B MERIEE ¢

MR ERF$ 2 Ny MI. 0.08 % Triton X-100, 50uM UQ-10, 0.5mM
2-Mercaptoethanol, 0.2mM NADPH, 5 v M IT#IIEE (BEREE 1 mg) &£ 20 uM
Acetyl {t Cytochrome ¢ &€ 50mM Tris-HCI 2% & (pH7.4) » > & 3 RIS 1
ml & Ah. BR550nm (S &1 3RNELE(L % 37 'CT 10 HRDERAVSHITE U 1=,
Acetyl {E Cytochrome ¢ EriEtEid. = TA! Acetyl 1t Cytochrome ¢ O E LIRS
FwH19.1x10%em M #HL. 1 SRS LYV EAEE L LT 1 mg OMEESNE
7T ¥ % Acetyl 1k Cytochrome ¢ & (nmol/min/mg protein) & L TR L 7=,
EQEENES :

B—E. B—H. ERAFECIRVEE L,

REHER

FROERGETTOX/ AMEEMD 1 BFETICR. EIX /ST HILOERE N

LA O ORI ZEFrHMS>h T3 88 a5 T, NADPH-UQ
Reductase ' 1 EFETEETH S 451, PRKE L TFRRELIELIF/ L5
THIUQH:) R L. ZOBEEREICHED O ORI BOHSNBZETTHS, *
Z T Acetyl /b Cytochrome ¢ M ET & 1E1EIC O' £ DEHE KA E T 5,
Cu?*,Zn?*-SODBREHITH% 1mM KCN #3F ML AT & 2. UQ-1038B5TICfE >
02 DERIEEBH S5hhH o7 (Table 22), FAEDIERIE. (L33 E £ AUV 285
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Table 22
Effects of Cu?*,Zn?®*-SOD and Its Inhibitor on Superoxide Anion Generation and NADPH-UQ
Reductase Activity of Rat Liver Cytosol

Acetylated Cytochrome ¢ Reduction NADPH-UQ Reductase Activity

(nmol/min/mg protein) (pmol/min/mg protein)
Complete 0.48+0.11 581+63
+ 100 units Cu?*,Zn2*-SOD 0.48+0.12 592x56
+ ImMMKCN 0.44+0.03 596+18
-UQ-10 0.47+0.10 N.D.
- Acetylated Cytochrome c N.D. 586+59

The values are the means = SD of three experiments. N.D., Not determined.

ICHEBOIIAE GF—2RRLTVEL),

& 5IC. #MA2E NADPH-UQ Reductase (243 UQ-10 MRTTE (X, UQH,-10 &
FKE) & NADPH DOB2{LE (Y, NADP* &R 8) & 3{EFE RIS L. UQ-10, 1
mole DETTICH L 1 mole ® NADPH DBER{EHNEB & 5 h /- (Y=1.013X-0.047) (Fig.15),
ChEDERM S, T v FIFMIEE S0 NADPH-UQ Reductase (&, 2 EF&EcEE
THdeEREANT,

20

15

10

NADP?* Formation (uM)

1 T
0 5 10 15 20
UQH,-10 Formation (uM)

Fig.15 Correlation between NADPH oxidation and UQ-10
Reduction by Rat Liver Cytosol

The values are the means = SD of three experiments.
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SBUE ERELUIME

£ B

5 FEIE® UQ B TEM S . NADPH-UQ Reductase. 7% 5. NADPH
EAFIEDBEFRIC L 5 2 & (34 THEZRL, Krebs & Veech 5 192115 FHIBER
0 NAD(P)H £ & NADP)* E# B~ TH Y . NADP*/NADPH=0.014, NAD*/NADH=
1.164 & . Nicotinamide Adenine Dinucleotide Phosphate (& Z DX & A EMETED
NADPH T& % DIC* L. Nicotinamide Adenine Dinucleotide E#ICZF DI L A E D
B{LED NAD* TH2 & &#HE L7, & 51 Glock &Mclean 194, 5« MiF#lEa
B NADPHIRED 97 £ 13 uM TH B3 I &L 5#HEL TWL 3, AT #0 i H
NADPH-UQ Reductase ® NADPH (Z3¢% 3 K, fl 144 £ 25 M) . ZOMBE
NADPH £ £ LB L+5/NEVMET H 3, % 7- NADPH-UQ Reductase i&1£iE. v b
FHEBIE (S 727E T 22 (501 £ 57 uM)LIED NAD* BETHLEEA haho =0
Zh5DFEXIE. NADPH-UQ Reductase DA BH# £ 3 L THEHTEELR K
EEZTVS, MISONADH EARA . MO T 7% —HAR £388 L THIME ht
WBNDIEx L. NADPH AR THB Y h—XH 4 7JLiE, NADPH B & # &I40R F
EB-oTWVWAHDT, #i2E NADPH-UQ Reductase (3% (- UQ B TTAAICERT 31k
BIIBIPN TR ZEEBKRLTWE,

I b3 > K1) 7EED NADH Dehydrogenase %1% gyccinate Dehydrogenase
199 )L U148 1% 0) NADH Dehydrogenase (2. UQ FiEk s EiERE L 75 % /
PETERERTH) . UQ-9XUQ-10 D& 5 R UQ RIEAD M, UQ-1 ¥ UQ-2 ®
& 9 L{RKAR UQ RElAd K <BTT 3, £/, MIAED DT-diaphorase (&, UQ-10
&2 R UQ BllRIEL 1. UQ-0 X UQ-1 D & 5 LB UQ Bk E BLWEFIAHE
&3 8080 5. KBFMEIE NADPH-UQ Reductase (. UQ-4 Ll FOESE UQ ik
BDHEEBETIEVIARATUBRAOX / U BTEBRERE -/, LD UQ-7LIE
D UQ RIFREICH T B Vinax/ Kn EOEE LY, Ty FOE UQ BEATH 2 UQ-9 %
RORWEEE T3 ZE2MALPIC LA, Ty MTFIRORNEM UQ-9 2 (£, Table 1
DIFRLY . $9132 uM L RFESH SN, ZOEEIIFITMIZE NADPH-UQ Reductase
DUQ-9 T B Ky, 1B (2.66 £0.48 uM) EEEBI LD AEVETH - 1=,
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F7-. UQ-3 BITOELR UQ Rr&fEE 7 v MTERED UQ-10 ExEEE{BEL
7=, Ernster 5 894  DT-diaphorase #* Menadione % 1,4-Naphthoquinone ® & 9 %
fERMRISE 2 /-G ¥ / L {LE&¥ % Electron Mediator & L. UQ-10 X Cytochrome
cORTEBET S L EBOH TS, EXHFBHAERUVQ ARGEHET cOMBE
NADPH-UQ Reductase ;&N S . 5 1M Dicoumarol TER2ICAEFE I3 2 &P
5. DT-diaphorase DfEHICL 2 bD T Ehiz, LA L, EERIC, DL L%
RERTHEHEL X/ ALEMPEET I BAShTUVEYL, LEF->T, Zhick-
T. E5IC DT-diaphorase AEFATUQ BETICAKECER L TWLB3 EEWVWA KLY,

2 512 NADPH-UQ Reductase E4ENDE# pH (& 7.4, EFt5 4 & LT NADPH
FRAVWEEROETERER 37 CHETHY . Tv MHRICS ) 3 EIRAEED Mg?t ¢
10mM) 197 TEMN(RBE S h7s, %7/ . NADPH-UQ Reductase 2. FAD, FMN IC &
Vgt EERESh, 758 EHRHE D Chlorpromazine 1o & » TiEME#AEEI QB 2
ERB. BLDF/ CBREBREAKR D, TTECBRTHE I LITHE N,

FF#RRRE (C L. NADPH-UQ Reductase #* UQ ETiE# R R T30+ 98NS
FH54& NADPH) & +9ED UQ-9 P EET 3, LI b, ZOBROEEERECE
HpH., EHEREICET 2 Mg BEWR. 7 v MNTRIRABEZOLBDTH3 0.
NADPH-UQ Reductase #*. &% UQ Rl&k &8t T 3 &1 2 THMEERRIC IEE 5
TWBEWVWR, FERIFERLEREREHE > TOIAJREMI RS h i,

X/ UERTEBRE. TOETHEES, S, 270V — LEO NADPH-cytochrome
Reductase D& 5 & 1 EFEEEFE &, DT-diaphorase N& 5 B 2B FETE,E L IC
aEEh3, I PO RY PEFEERICH VT, NADH Dehydrogenase, Succinate
Dehydrogenase, Ubiquinol-cytochrome ¢ Reductase (Complex I, EC 1. 10.2.2) » 5
® Free Radical AN EBEINTHY ., COEFELERR UQ D—EFETICE VW BTER
L7z UQH: (CBETZ £EEbh T3 10910 | 245 T, NADPH-UQ Reductase
PRI PACRNUTEFERERBRCAKRICIETETHETHIELIE. £ LA
UQH: IFRBIERMAT. X ICEBRLSNT O ¢ELTBIRTTHB, L L
&H" 5. NADPH-UQ Reductase |2 & % UQ-10 M Tl O2° AR X8 S hk b -
7o E5ICUQ-10 MIETTEE & NADPH OEMEERE S X, BB L LT L 1 TH
IEL7, 2hbDOiERHD S5, NADPH-UQ Reductase (& DT-diaphorase D& 5 % 28
FETERTH D LEES L,
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(1)

I\ }E

Z v ~EHREE NADPH-UQ Reductase MEEEHE % Table 23 M@V EBES »IZ L7 =,
NADPH-UQ Reductase OEEEE & 238 pH &, T v MEGK (FR) REICE

Uleo /o0 COBFRR., DX/ B TBREAHK. 77ECBRTHIZ LD
REIh/-,

NADPH-UQ Reductase (&, NADPH (CI&FROGBERTHI) . UQ-4 LI ED UQ
BREERTLE, LAb, ZOBRTE2ETETTHY . Sy FOXRAEAETSH S
UQ-9 embBWVWEEICL 1z, 2h5EHFICHT 3 Kinetic Parameter f& V). &
DEEFRIZ, MIRFICEVRTEETHEET 3 NADPH 25 B U TEBRO UQ-9%
BIET DI+ EET 3 Z PSS D ICh - 1=,

S5y NEFFMBIE D DT-diaphorase (& . UQ-3 LI F D& UQ ik % Electron
Mediator & U, UQ-10 22t ¢ 3 2 &R E h /=,

Table 23

Properties of NADPH-UQ Reductase in Rat Liver Cytosol
fo) OH

+
»-

CH30 H g CH3O H
o CH, NADPH-UQ Reductase OH CHa n
Ubiquinone-n Ubiquinol-n

Optimal pH pH 7.4 (Tris-HCi Buffer)

Optimal Temperature  37°C for NADPH, 28°C for NADH

Stability Heat Labile (>20°C)

Electron Donors NADPH (K,=14.4+2.5uM) > NADH (K,=259:+22uM)

Deamino NADPH, Deamino NADH
Electron Acceptors Ubiquinones:
UQ-9 =2 UQ-8 = UQ-7 > UQ-10 > UQ-11
uQ-4
‘Stmulators FAD,FMN e
. M92+’ S+
Inhibitors Chlorpromazine

Cd 2+‘ Ce3+,002+’ Hg 2+, La3+, Ti4+, Zn 2+

NADP*,2',5-ADP, ATP

Dicoumarol, 2,4-Dinitrophenol

SH-inhibitors: p-Chloromercuribenzoic Acid, N-Ethylmaleimide
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EME Sy NFHREIEX/ U ETEEICL3EEERN
dIEX/ > OETT

PO RYTREODEFEERESE 09109 imialE NADH Dehydrogenase 79,
2 70Y—LENADPH-UQ Reductase ® i3, MU L BFHESADTEET. B LCER
CEETIREFUVQERFEZEBEETT 3 EREEIN TV, BEER, E—ET5v b
& S UBRAD UQ BIRFD S 288X, UQ RIEEN H 5 © 3 MERE S ITEE L.
Lad, ZTORBEDICEIIETHREEFEAEEN G, HBLADOETHE L FIF
BUTHBZEeBHLE, TOHERE. T v MEERO UQ RkED . B2 DMEES
ICHEETIEBRCLVBTINZETEILVET LA, %50 3MIEES O UQ RiEE
P—EBISRTEhTVBZEERELTVWE L IICBbW S,

BMEICSVWT., HREEICRSE UQ REFICEMME £H OFHFHAD NADPH-UQ
Reductase H"1F1ET 3 2 L2888 - BE), MIREELTOANLH R IIETEINDT.,
Z O#AREE NADPH-UQ Reductase ## 27D UQ FIIE ROETHRO M3 L T
BELHREEZRAELVLTVWBIAREMENH B, LI LEN S, UQ AEEIR. B—FTRL
EHICEE L THEADEEMISHL TV, Lrb, ZOEBMHEREIVITL /
1 FRIED =8, EICEE_EBEOFUHRICBET 3 EE3hTVE M, LEK 5T,
#ii2® NADPH-UQ Reductase »", &4 EHD UQ RAikAEET T 26EHEF T3 H
ESDPEERN;HB, TIT. AETIE. #MIZE NADPH-UQ Reductase » 5 BEA
NDUQ ERTLIBHLEI D, TSI, £FRUQ OERTHEHMZFICTEHR L TWIHE
MICDWTRRET L /=,

B FMRELEX/ VRETEEICLIEEEAIELX 0BT

Z v FEIF#MIRE E NADPH-UQ Reductase &M k. & h ¥ T NADPH DFEET.
Triton X-100 TAIE(E LA UQ-10 s BEE LTRIELTE L, LALEN D, Ty b
HERO UQ FAEE UQ-9 $ 50 id UQ-10) 13, EICIEEBRICEETS, Z0E®
AENTld . FFEEE E NADPH-UQ Reductase P IEEIRA ICHAA TN /- UQ #ETL
2 B &R U 7z,
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(1)

REBRAE

AHEMBRE % DR -

F—E. FIH . EBRAEQ-OICREWV, 8 3B (170~180 g) D Wistar Rt
M7y b (SPFE), BAI XTIV —#XE4) ORI & W AR L 7,

NADPH-UQ Reductase &4 &£ DT-diaphorase E4% D H$ :

FE_E. %:Eﬁ; XERA EUNCTE L, Cibacron Blue-binding Bio-gel A-5m
Chromatography % fT\), 0.15M » 5 35M NaCl TAHI h 3 EH %
NADPH-UQ Reductase B3 & L7z, COENIE. v NFERESD S
NADPH-UQ Reductase ;&£ 99.0% (52.4 nmol UQH,-10 formed/min/fraction)
&. % DT-diaphorase &M 1.8% (128 nmol Menadiol formed/min/fraction) %
BAT, 7. 50% Ethylene Glycol & 1mM NADH %#& & 20mM Tris Base (pH
10) TAH S h3E% & DT-diaphorase B9 & L7, COERIE. 5 v MTRERE
F % DT-diaphorase &E1ED 93.8% (6,690 nmol Menadiol formed/min/fraction)
& . NADPH-UQ Reductase i&f£® 0.6% (0.33 nmol UQH5-10 formed/min/
fraction) &A1,

Lecithin Liposomes S5:&:& DA% :

FRET F X 5mM FRE Lecithin @fiE: >99%, AVANTI POLAR LIPID,
INC) & 25 M UQ-10 288 700K LEREAN, O—2 ) —TINKL — & —
THEFEERBE - Bk U T Lecithin DEE 287, ZhiC. 10mM §RE Lecithin &
5uMUQ-10 & &% & 5 I 50mM Tris-HCI $2 &7 pH 7.4) #M1Z. 75 X3 %
BRNVAICEBBRE, B2U/, 1 5RH U< Vortex U7, B8RS KNP
& (NEY ULTRAsonic 6QT/H, NEY) IZT 4°C, 20 S RIBS K MNE L. Lecithin
Liposomes & & & LTZNEEFEAL £,

Lecithin Liposome £ UQ-10 DETEER :

Lecithin Liposomes 8& & , 0.5 ml IC. 25mM 2-Mercaptoethanol, 20 x| &
Zvy FIFHRRES 64mg EAEE) 5 L (3 NADPH-UQ Reductase & 4
(NADPH-UQ Reductase ;&M & U T, 3.5nmol UQH,-10 formed/min, EE'E 5.4
mg DT ER L E) 3 L& DT-diaphorase &4 (DT-diaphorase &M & L T.
2.1 x mol Menadione Reduction/min, EHHE 54 mg DA EELE) 2 A .
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50mM Tris-HC! #&&7#& (pH 7.4) T 980 ul IR L /=, RIS, 37 CT. 10mM
NADPH, 20 u| DR THLAE L 7=, ZEFIICKRISHED 0.25 ml £#E L. Okamoto
5MHE UZREV. T NI n-Hexane/Ethanol B : 1, v/v)iBi&, 3.5ml #MZ T8
TTERK L7 UQH,-10 3 « EE L 7=,

(5) 2 70vV—-LEAUQ-9 DETEER :

Zy MFEI 7OV - LR, B -BMBERVETZEICLEY ., REM
UQH2-9 DEEE % 25~30 % ICET & ¢ /2%, EEICHW /A, 0.25M Sucrose,
10mM NADPH, 0.5mM 2-Mercaptoethanol, EAEE& 1.5mg N > v FFHBRE &
EQESE 1mgDEIs0YV - LEESE 50mM Tris-HCI #285% pH 7.4) 5 &
% RIG# (0.25 ml) % 37 C, 15 4 H{RIB L 7=, n-Hexane/Ethanol (3 : 1, v/V) B%,
3.5ml £M0% . BTER U7 UQH»-9 % UQH,-10 ICHE L THli « B8 L 7=,

(6) UQ &V UQH, RIlEADME L > ICEE ¢

B—8, F—H. ERAEDICED., AHESTICEEET- 7
(7)) BEOEENEE :

B—E, 8. ERFECIRVEEL 1,

REBRER

(1) Lecithin Liposome EA UQ-10 D&

7w MET#EBZE NADPH-UQ Reductase I & % Lecithin Liposome 10 UQ-10
DFETIE. Fig. 16 ISR L 7=, FFHIEE (3. NADPH OFET. 2EBORIST
Lecithin Liposome M UQ-10 D955 % #&@xL7=»". I b3 KUY T EDHMBD
MRENRE<BTLEP o 1, |

MRaE O/DH WIC, MIZE OEMICHYT S NADPH-UQ Reductase 4% & &
U'DT-diaphorase &4 & Fi\\ T Lecithin Liposome &1 D UQ-10 DBk RA7-iEE
(&, Fig.17 (Z/R U 7=, NADPH-UQ Reductase EH4% (4. 4 B[ T4 40%. 8 BE[ET
#150% O UQ-10 &t L7/, —7. DT-diaphorase B (2. 8 BEBORISTH.
#112% D UQ-10 BT L2ICBE L o7 ThOEDRERIE. Ty MTHBEEICE
BIEEER UQ OExxDOEERD. NADPH-UQ Reductase TH 3 Z & £REL 7=,
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Fig.16 Reduction of UQ-10 in Egg Yolk Lecithin Liposomes by
Rat Liver Intracellular Fractions

The reaction mixture consisted of 50mM Tris-HCI buffer (pH 7.4)
containing 5SmM lecithin liposomes (containing 3uM UQ-10), 0.2mM
NADPH, 0.6mM 2-mercaptoethanol and 5.4 mg protein of intraceliular
fractions: M , nuclei; A , mitochondria; A , crude lysosomes; O ,
crude microsomes; @ , cytosol. The reaction was carried out at37°C.
The values are the means = SD of three experiments.
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Fig.17 Reduction of UQ-10 in Egg Yolk Lecithin Liposomes by
NADPH-UQ Reductase and DT-diaphorase Fractions from
Rat Liver Cytosol

The reaction mixture consisted of 50mM Tris-HCI buffer (pH 7.4)
containing 5mM lecithin liposomes, 0.2mM NADPH, 0.5mM
2-mercaptoethanol and either NADPH-UQ reductase-rich fraction (@ ,
3.5 nmol UQH,-10 formed/min NADPH-UQ reductase activity per mi of
reaction mixture) or DT-diaphorase-rich fraction ( ¥ , 2.1umol meadiol
formed/min DT-diaphoase activity per mi of reaction mixture) obtained
from Cibacron Blue-binding Bio-gel A-5m chromatography. The
reaction was carried out at 37°C. The values are the means + SD of
three experiments.
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(2) 270V—-LERUQ-9DET

I/0V-LEARD, "EMK UQ-9 OF v MFMEE NADPH-UQ Reductase
IC&B:&Eid. Table 24 (/R L A, RISHARET. $127% TH -7/ /0 v — LK
DAEME UQ-9 METHRE, RICHR THICEHN63%ICETLERELE, /4. B
#H54k & LT NADPH OfXH 1) 12 NADH &RV BHCIE, $I55% ICETULALERL
Bhols LA L. MEEE 2FR< & NADPH OFNME I 70V — LEBEAOKREAM
UQ-9 DETHEE2ISICETEIRA, ThidEZ5<, 370V —-LED
NADPH-Cytochrome Reductase % & ® NADPH # &8 & T35 U H L ERKEBEED
TBILLBZBDERDND, IFRAEHAFTT. NADPH A Sy FIFI 70V —LER
DAREMUQ-9 DRTHEEREET & €5 2 £ Shigemura 5V H8E L T3, &
H. MEBEZER< £, NADH DiFEI1E UQ-9 DETLERICEFEEE 1 b » - 1=,
¥ MREICLEIEIZOV-LEBER® UQ-9 NDETIE. 5 uM Dicoumarol X 10
1M Rotenone T2 <PAEE h#i LW £ 5, DT-diaphorase ¥ 3 b3 K1) 7EESE
Ik B3aJREMEIE B E S Nz,

Table 24
Reduction of Endogenous UQ-9 in Microsomes by Cytosolic NADPH-UQ
Reductase in the Presence of NAD(P)H

Reaction Mixtures  tUQ-9 Contents UQH»-9/tUQ-9 Ratios (%)
(ng) Before After Incubation
Incubation NADPH NADH

Complete 51.8+1.2 26.8:3.7 62.9+1.2* 54.6+3.6 *

- Cytosol 42.5:2.4 26.2:5.2  19.1221* 26.9+1.4*

- Microsomes 9.0x1.7 30.1x6.1  65.1x7.3* 55.624.8*

+ 5u4M Dicoumarol 51.8+3.6 26.6+8.6 62.4+:3.1* 51.5+4.1*

+ 10uM Rotenone 50.8+2.8 26.7x3 60.8:2.4* 53.2:2.7*

The complete reaction mixture (1ml) consisted of 50mM Tris-HCI buffer (pH 7.4)
containing 0.25M sucrose, 0.2mM NAD(P)H, 0.5mM 2-mercaptoethanol, 1.5mg
protein of rat liver cytosol and 1ﬁ19 protein of rat liver microsomes. Incubation was
carried out at 37 °C for 15 min. The values are the means = SD of three
experiments.

* Significant difference at level of P<0.001 compared with before incubation,
using Student's unpaired ttest.
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BH £FRAEX/COBTHEICHTIMEEIEX ) D ETEEORE

T MEFA UQ REEDRTIERE, B CICBRE 22 L #8BHE (B—E=.
F—EN)., Ly L. SHREESBTEEN L, TOMHBEEOERTLEREEFIERLC T
HBZCEBOI-E—E. FIH), £/, BT, T v MTREMIEE NADPH-UQ
Reductase (&, Lecithin Liposome EA® UQ-10 X iFX 70V — LBEORE 4 UQ-9
ERITLIBIEERLE, ChSDEEEHET S &, MEASES D UQ BAEED
BITLEENZIEZRAC THZ DL, & 50 3MBES IS L TLWBHFE NADPH-UQ
Reductase #*. Z h S#REES O UQ BAEEETICHPONRE ERALTVWE 2L %
TET B, 2T, T v MEEASHERKO MIZE NADPH-UQ Reductase »', 454
O UQ R EDOBR{EETERIC b’( ENLIBHEEEZTVWIDEMRETL /=,

EXRA*E

(1) R EVX— FBLUHMBEEORHN :
B—E. £, ERAEQ-OICHEV. 8388 (170~180 g) O Wistar Rlf
HZ o b (SPFEM), BRI XTIV — RS OMGL WAL 7=,
(2) MBPORN :
B—E. £, ERARICHOARL 1,
(3) UQ LUV UQH, BIRfEDHBE S VICER ©
BB, F—f. ERARDICH VT 1
(4) NADPH-UQ Reductase ;EM4BIE :
BB, B2E. ERARACRVEIE L,
(5) EOHENES :
F—E. B—H. RBRAEOUHVEE L 1,

KRR

7y PEHBAEIX- PO UQ-9 DETLEERE, Zh SHBOMBEESD
NADPH-UQ Reductase &t & ORI R Z R X/ #5R £ Fig. 18 IC/R L 7=, NADPH-UQ
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Reductase /&%, AIEL 2 TOMEBOMIPHICEDS h, Lrd, Z OLEEM (Y,
pmol/min/mg protein) DM EMBBHRE D% — D UQ-9 METLEEER (X, %) & DfE
(CBWEDHBRR A8 5 h £ (v=3.95 x 109-0233% ,-0.899 (P0.01)), = DHEERIL.
AR #A2E NADPH-UQ Reductase ', % h 5#E#&4 D UQ BIEADETICI L.
FORIFEIZERAZLTWVWBZEERLTWVWS,

2L MBEHINT, UQ-9 DIRTLEES . $180% EAFIHICIET 3 SEICHRS
H 5. NADPH-UQ Reductase EEN L < B Shch o 7,
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Fig.18 Relationship between UQH,-9/tUQ-9 Ratios and Cytosolic
NADPH-UQ Reductase Activities in Rat Tissues

The values are the means = SD of three experiments.

B ERBIUIE
z B

7 v MT#EE NADPH-UQ Reductase (&, Lecithin Liposome & U'3 7OV —
LIRICEE N % UQ-10 &t L 7=, NADPH-UQ Reductase &f%ld. T MEREELISH
DIBOMBERICHEBH SN, L b, ZOFEEDRE & ZFHBH DO UQ-9 DETH:
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REDORMICESENEDNBREEARIBO S, ThoNEER, PELCEHSY NT
(3 #Ef2E NADPH-UQ Reductase #*, Z#l2E 4% O UQ Ri&E{E % —ED ZETEEH (CH#
BT3DICFRDMNBREEESTWE ENELHEXHT S,

EBE_SBEORKBICHEETS "uq 2. MIBEICEAET 3 NADPH-UQ
Reductase #° &0 & 5 &8 BT 3 7 (4E% RN % 5, Chazotte 5 1124,
HIEFANILLA UQ £HVT, Liposome BEARO UQ A EBICISE IEX # B8 (BRE
I U TKFOEE) TEB5Z & #HEBLA, Fato 5 " (1 Liposome & &
Mitochondria BRICE T 5 UQ-3 DHLHER N ZIZRA U THI Z L #HE L, £ 7=,
Futami 5 ") (3, IEE_EEOHDLEICETE L TV 3 UQ-10 0 Benzoquinone B15:5
M. BREICH U TEEARICBHRICEN < 2 £/ T& Flip-Flop E&). B4 0EAM
BEICHFETIKEEORE - ExHELHEICERALEIZE#RE L, E510,
Ulrich 5119 % Liposome BN EH UQ . BT 70 b2 ¥ IEE-BEOIMUD
SHAICETEIELEZLE2BHTWVWS, £/, Liposome BEARAND UQ METTIE.
Dithionite X BH4™ O & 5 KB MHES FETH ' D4t . DT-diaphorase ¥ %
Submitochondrial Particle 20 %4 & # #f7 S 4 THEZ 3 2 EFMEIh TV 3, B E
DBEEHIS, BRUQ X, BEEANEKFEFRICOEEAEICH LV EHICEHCZ L
PTEB3EEZIGN, BRAICBH L TE - UQ FIERBEBHMCEET S
NADPH-UQ Reductase &1L TRTE N3 6D EEZL BN 3,

7 v MOEEF O UQ RliEEDETEEER G, 5 v MIFRICIE# L 9. NADPH-UQ
Reductase ;&% (3£ < 88% 5 h& o 7/=, Stocker & Suarna '8 (1, b h&EHBP K
MBRICHL UQ-1 BT TEEL TV B 2 & £BIEL. & 512 LDL ®e) UQ-10 O35
T FMIRMREDBERIBEE L TWB I EERELE, LALLEY S, FROBEIC &
3 UQ-10 BTEMEFEREICH N L 2BHTVS, Kalén 5 ¥ (3. UQ £ERKDHIER
thT % % 3H-Mevalonate %Il & W #35 L7354 . RES AL E hi UQ BliEED
MAPICHERHEN S 2 & 2B LA, £/ Elmberger > ® (35 v FEF D UQ-9 5,
FICUREQEEMICHFEELTWBZEEBOPICLE, ThoNEEIR, FFRTES
BEh7-UQ EEGEN . URBEABICHAMATNAFCOEPICEBRIh3 & ERL
TW3, LA -> T, OFEFOUQ AEFOSETIERIE | SR DO Rt &
BAbhs,
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(1) Zv MAT#RERE NADPH-UQ Reductase #°, Lecithin Liposome B3I 70 — L
Behd UQ RIlEEERIT T2 &L 2L T LT,

(2) #BE2E NADPH-UQ Reductase (&. T v FEFEROS 5 W B BEEICTEEL TL s,
L b, ZOLLEMOME CAEHO UQ REEDETIEER & ORICIENDRRIRE
HEB% 5 h, #A2E NADPH-UQ Reductase (& & UQ RIEEDETICH
L. PIDRYBEIZEL TWB Z EPRIRE Nz,

(3) v FMIIEICIE. NADPH-UQ Reductase &N L <EBH SN ELDICHEH S ¢,
AR (CILE ¢ 3 S VETLEERD UQ RIEHRIEFEEL 5. 2hid, MEFO UQF
Y., VREREICHAATN B THB,I QB ENTVWE LD THD EHR
o (/o
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BEE Sv MFHIREIEX / VETEROBEERELRSHHHER

UQH, DHBE&{L1EMIL. 19664 Mellors and Tappel 9 #°3 h a2 K1) 7REIC2E
EULEEERBERIC £ UQH,-6 P G115 2 & #8345 LU TLIE. Liposomes &% &
DHEMBIEEFIL 292 i LDLZM, 3 b3 K 7R 2025 0@ 4 b
A58 2 % THE SN, UQH, & «-Tocopherol IZITHI 3 3V B {L1E M % R
TELAREbH 5 D228, yQH, D i) K HBR1LEE Fig.19, Reaction 1) 14 .
Liposomes [&Z AWV =RER TS h T3 2928 %4 UQH, 2. «-Tocopherol
HERICEG, BEERNICELCBES S HIVEDRISTEL = a -Tocopheroxyl
Radical #. a-Tocopherol ICB4ET 3 Z &2k . RHEMICISE:REL RIS £ MG 4
32 EHMES N TS (Fig.19, Reaction 2)BB03) —F  Landi 5OME FIL—F
(¥, Liposomes & 1177120 %> | DI 12 (2 5538 U /- B EDBBR LRSS IS L. UQ-3 IF D
UQ REREABRILEL DS £ CHMBMILIERAERRT 32 £ 28BoHE, LELENFS,

LH
— l Oxidative Stress
4 gh
0,
UQH on
(PROPAGATION )
a-Tocopherol
|
a-Tocopheroxyl
LOOH Radical

UQH+-n —»—>»—= UQ-n

( ZERMINATION '

Fig. 19  Sites of Antioxidant Action of Ubiquinol and «Tocopherol as
Inhibitors of Lipid Peroxidation

LH, lipids containing unsaturated fatty acid(s); L, carbon based lipid radical;
LOQ-, lipid peroxyl radical; LOOH, lipid peroxide; UQH,-n, ubiquinol-n;
UQH:- n, ubisemiquinone-n; UQ-n, ubiquinone-n.
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UQ-9 ¥ UQ-10 O & 5 H R UQ RBEAEE . invitro TIHETEO UQH, B IEED &
PHBLEREE T L EATVWS, LAL, invivoDERT . BtEO uQ Rk
FOBRETOMBLERNIEBO STV, Thbs, BADOUQ DS &, B -
BRARICH T 5BEORMRILAVEEERBI L 21 399 CCl, X Ethanol IC&EB3 5T
IVHRTREE # BB TAZEMHREIh T VB 23, LhLasrd ., &EICE5E S hi-
UuQ . Zo» &Y OEA»ETED UQH, £ LTHREE A3 OO0 7 uQ Bk
OHEALIERIE. SN TEPH IS UQH, RREABTE W ERE h =50 L Bbh
3,

EEQR. IEFZFTORFT. Sy MNTHBECEEERO UQ 2HETT 3
NADPH-UQ Reductase »"ZFET 3 L EBASMIC L, T, COBEFEMHEERERN
DNH>OBEMOMIMEICHEEL. LHd, ZOFEEDRS LEZLEO UQ DETLHE
REDEICEDHEMAI» DS hi-, BET hiL, #MIZE NADPH-UQ Reductase #°.
HBLED UQ RRFEORTHEROHERF S LR DONEE 28 L TV B aIEEME,IRE
o UQH; AR FREVWHEBIEEREET30T. ChoDEEH, S, ARE
NADPH-UQ Reductase . & #Eh0 UQ RREMETEN L T, EERRBRLIEHE
KFSLTWB e FHEEINE, ZZTEHEER. v NFHARE NADPH-UQ
Reductase #*, [EEEAICTEET 3 UQ RIEEFEDETE N LT, BERE(ERICEH
HT3rREFL 5,

F—H #WREEIEX/ ETEERICLS 2,2-Azobis (2,4-dimethylvaleronitrile) 552
Liposomes %[5 E B8 L RIS D]

Z v MIF#EEEE NADPH-UQ Reductase (k. IEEEH DO UQ 2Bt L /= (EWE),
UQH, & Liposomes & 2928 7213 G <, DL %3 praL R 7L EDEK
& 20r23) THIMVWHBRIEME & L TE < 2%, NADPH-UQ Reductase I3 iS5 &k 0
UQ MZEm LT, £E0OBBRENGICE < ErFIhd, BAE7JILadw T
H 3 2,2'-Azobis (2,4-dimethylvaleronitrile) AMVN) (& . FFREET. BEEAX TR
ERTFHICDEBL INVAXOSITUHNEER L. —ENEETEREER LRI EFE
THZENMMOh TS 12124 Ly AMUN BEIEEBBRLESE. BIOHK
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MRS ICTFET B KB MEREBILAOEEN L E (IBLER) 22080 A0 D) g
BENRICMEONBLEZLE RT3 L THERALILENMTH S, 22T, v b
FT#H f2E (NADPH-UQ Reductase) & NADPH » 5 3 UQ & Tt® »'. Lecithin
Liposomes BEM® UQ-10 DI &5 LT AMVN TH5% U /- ISENREHL RIS & 417
BPREL 71,

RBRAE

(1) FFERRE RN :

B—E. B, ERAKR)-OICHEV. 83BH (170~180 g) D Wistar Rt

M7y b (SPFEM), BATI I TN Y — X&) OFFE L v 2/ L 7=,
(2) Lecithin Liposomes MDA%Y :

FXABT7 5 X3 5mM §pE Lécithin (i E: >99%, AVANTI POLAR LIPID,
INC.). 1TmM AMVN & 25, M UQ-10 3\ iE UQH,-10 288 700K I LR
BEAN, O—2J—INKL—%2 —TEEEBE - BE L T Lecithin DEE %
7, ZhiZ, 10mM Lecithin,2mM AMVN, 6 uM UQ-10 & 3 v\t UQH,-10 &
%3 & 212 1mM EDTA & 0.25M Sucrose # &4 50mM Tris-HCI #285% (pH 7.4)
A&, 5l &HE < BIEIC & B Lecithin DBRILERS CA® . 757 RN 2 EH
HACE#R U, 1 BB L < Vortex L 7=, BB EBEZ HAPESIC T 4C,
20 HRIBE FMIE L . Lecithin Liposomes @& & fERL L /=, < h 5 Lecithin
Liposomes B® A& D 2 5. UQ-10 # 8F 7 % Liposomes % UQ-10 &4
Liposomes. UQH,-10 # &% 1% Liposomes % UQH,-10 &% Liposomes & L
oo £h. THhERBIC, AENERAET UQ-10 EUQH»10 D ES 5 LEH LA
LY Lecithin Liposomes 8&i#& % {Efk L. Control Liposomes & U 7=,

(3) Liposome &M AMVN B E @B LIRS :

RBAETHABLU - WTFhh O Lecithin Liposomes 8%, 0.5 ml. 25mM
2-mercaptoethanol, 20 1. 10mM NADPH, 20 x|. 100mM Glucose-6-
phosphate, 100 . 500 units/mi Glucose-6-phosphate Dehydrogenase (EC 1.
1.1.49, 7 VT 2 2 IVEERT %), 10 ul &5 v MIFHRIZE (NADPH-UQ Reductase
% & U T 450 pmol/min/mi Reaction Mixture) % tl 2. 1mM EDTA & 0.25M
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(6)

Sucrose £ &4 50mM Tris-HCIHRENR (pH 7.4) TIRBE 1ml ORISEE AL L 7=,
RISERDIBREEL TKET @C) T, BEE37 CICLEIF3ZIc&URISE
Ffa L 7=,

IEE D ih % 5 U Conjugated Dienes DES :

FERFAYIC RICHRD 50 pl ZEREL L. K% U 7= 200 wl @ Ether/Ethanol (3 : 1)
BREMA 7=, 1 9MO Vortex IZ& WIEE £ L7/, 1,500x g, 10 HEDE
DREIC & ) BEE 25 € Ether B 218, Kohen 5D A% 129 (21 Ly Conjugated
Dienes B2 EE L 7z, EBH LU HPLC £HRUTICRLEBY TH 3,

®iE :
Pump : JASCO PU-980 (HA&43¥)
Detector :JASCO UV-970 (B %3E)
HPLC &f% :
Column : COSMOSIL 5SL

@.6mmlD.x150mm, >+ HhZ 15X 7)
Mobile Phase :Methanol/H,>0 (95 :5, v/v)
Flow Rate : 1.0 ml/min
Detection :UV, 234nm

## D Conjugated Dienes E& (3. BEXIE ® Conjugated Dienes # & 45 &
Lecithin @ Methanol ;8% (Z8E58%) EFHVWTER L -RERLVEH LA, 20
BRAER MR (E. 5mM F % Lecithin & 1mM AMVN # 5 & 3 Methanol i8% % 37 C
TI1BRGREB T3 Z &L B L. Conjugated Dienes & & 3K 234nmicH
(F BARSERE & v EH L 7= (e=28,000 M 'em™),
UQH2-10 DM A 5 ICEE

IEBFRYICRIG AR, 50 1! ZEREXL L. 200 pl O 0.25M Sucrose % & & 50mM
Tris-HCI #2&7%& (pH7.4) & 3.5 ml ® n-Hexane/Ethanol 3 : 1) B %N 2 /=%, &
—&., B, ERAFWICHEL. ExER L7 UQH-10 £t - E8 L 7=,
EREENEE !

F—E., 5. ERAECIRVER LT,
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(1) Control Liposomes (-3¢ ¢ 3 UQ EZTROIE

UQ-10 & 3\ & UQH,-10 & % 4 v Control Liposomes @ AMVN & i5HE
BEIERICICH T2 UQ BTk @?ﬁﬁ%tﬁffj% % Fig. 20 (7R L /=, Control
Liposomes (. AMVN i5E 5 EBR LIS DT ICfE W —E DEE T Conjugated
Dienes 4R L 7z, Z® Conjugated Dienes NAEREE X, 5 v MTHEEH 3
WE NADPH BAERDEB S —FERMUABEZTTREL., ZOMEERML
1Ws GERR) TEAMBIENE hore, ZhEDFERH 5. Liposomes A UQ-10
EEELVWEBAICE., FHEIEE L NADPHBARDP S L322 EMA ThH.
AMVN (Z & 2 IBEARREIRIC 2 BN T 3R LW EMBAS M ICE o /5,

80

Conjugate Dienes Formation (uM)

Incubation Time (h)

Fig.20 Antioxidant Effect of NADPH-UQ Reductase in Rat Liver
Cytosol on AMVN-induced Lipid Peroxidation of Egg Yolk
Lecithin Liposomes

The reaction mixture consisted of 50mM Tris-HCI buffer (pH7.4)
containing 1mM EDTA and control liposomes (consist of ImM AMVN
and 5mM lecithin) in the absence ( A ) or presence of NADPH-
regenarating system (consist of 0.2mM NADPH, 10mM glucose-
6-phosphate and 5 unit of glucose-6-phosphate dehydrogenase per
ml of reaction mixture) ( A ), 1.45mg of cytosolic protein per mi of
reaction mixture ( O )orboth ( @ ). The reaction was carried out at 37
°C. The values are the means = SD of three experiments.
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(2) UQ-10 &% Liposomes I T3 UQ ETROHE
UQ-10 &% Liposomes O AMVN 5:Ei5 E:BE L RISICH T3 UQBTRD
MBEBRICOVWTRES U A, #RIE Fig. 21 ISR LA, UQ-10 &% Liposomes
Rl AMVN 55 BIEEBMERICOHE TICEL—ENDEKE ¢ Conjugated Dienes
EERL £, Z D Conjugated Dienes DAEREEF . S MIFHBEEH 30 (it
NADPH BERDE LS —HERMU B ICEL<IMEIEhhh o0, 2O
FEEARMU 1-8F GE2R) ICRFRICHS & W /= Fig. 21A), FEEIC Liposomes JEX

(A) Conjugated Dienes (B) UQH-10 Formation
. Foumation
s 60 3.0 3
‘3 ' = 1 1 -AMVN Liposomes
(o) 50 - 2 2.5
= 3 2+
o i c .
E 404 S 204
e -
8 30+ s 191,
c | L
o o 01 2 3 4 5 6
QO 204 — 1.0~
8 T
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3 ] |71 Tt Tttt
Q O T 7T 71T O-Omm..m
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Incubation Time (h)

Fig.21 Antioxidant Effect of NADPH-UQ Reductase in Rat Liver
Cytosol on AMVN-induced Lipid Peroxidation of
UQ-10-containing Liposomes

(A) Time course of conjugated dienes formations. (B) Time course of
UQH,-10 formations. The reaction mixture consisted of 50mM Tris-HCI

buffer (pH7.4) containing tmM EDTA and UQ-10-liposomes (consist of
imM AMVN, 3uM UQ-10 and 5mM lecithin) or -AMVN liposomes
(consist of 3uM UQ-10 and 5mM lecithin) (inserted figure in B) in the
absence (A ) or presence of NADPH- regenarating system (consist of
0.2mM NADPH, 10mM glucose-6-phosphate and 5 unit of
glucose-6-phosphate dehydrogenase per mi of reaction mixture) (A ),
1.45mg of cytosolic protein per ml of reaction mixture ( O ) or both (@ ).
The reaction was carried out at37 °C. The values are the means + SD

of three experiments. *.I Significant differences at levels of P<0.05
and P<0.01 respectively, compared with UQ-10-liposome in the
absence of NADPH-regenerating system and cytosol, using Student's
unpaire ttest.
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ICHF5 UQH2-10 DERZBEFT 5 & . T2RDEETE. EROL UQ-10 8
ND#IB4% (RISEALA 6 BRI ) " UQH-10 & L TH#H & h /- (Fig. 21B, BAM), —
7. AMVN TIEEBMIERICZHE L 184101, BRIC UQHL-10 AR IE &
A EBOHSNE D o7 (Fig.21B), LA L. AMVN FFEIEEAMILRICIE. BL2R
DEFEETRERICHFEhB3ZEN S, UQ~16 &7 Liposomes ERIETTAER U
72 UQH2-10 #*. AMVN TiB&E U - IEEBEBELRICEMAIT 5 - HITHB S h 6
RTHDIERDNS, LULEDOFEEH S, #ME2E NADPH-UQ Reductase (& .
NADPH OFET. IBEEAD UQ-10 28T T332 &icky) ., IBEBRICHEEL
o BBERISENHE T3 2 EPBAS AT - 7=,

(3) UQH,-10 &7 Liposomes 3§ 5 UQ BTTRDIR

UQH»-10 &% Liposomes O AMVN SB#E 58 @BLRIS IS T 5 UQ BTHR
DHBILIRICOVWTHEI Ui, BRI Fig. 22 ISR LA, UQH-10 & F
Liposomes O #MiFE. AMVN FF BIEE :E8{LRIS IC{# 5 Conjugated Dienes
Rk ld. BB UQH2-10 DL T 5 RUICHIA 2.5 BB L TIZEAEBH SN h o
eh'. A UQH,-10 D%k U 7= 3BEMEE LIk, 1313 —FEO#E T Conjugated
Dienes %R L7z, T4 b5, IBEEADN UQH,-10 " AMVN BB E B LK
ICEEEAET S I LR, ABEOZERIE Yamamoto 5 2% Cabrini 5 3 %
WELTWS, £/, 20O AMVN FE EEBRIERISOETICHE S . BR
UQH,-10 D7H%K % 5 U'IC Conjugated Dienes O4ERE (. #I2E % 3 L i2 NADPH
BERDESSHA—ADAMTHMHS hLh o7, LALEN S, 2OMEE SR
MU 7B GE2R) ICiE. BN UQHL-10 DEBRAEICHIS & h, RICEA 6 A5
ETHERNDEL UQ-10 EDHI 40% 7 UQHL-10 & LTEFELTWE, T /1
Conjugated Dienes ND&R S . RICHIB BB THIZLAEBD SN h o1,
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Fig.22 Antioxidant Effect of NADPH-UQ Reductase in Rat Liver
Cytosol on AMVN-induced Lipid Peroxidation of
UQH,_10-containing Liposomes

(A) Time course of conjugated dienes formations. (B) Time course of
UQH,-10 oxidations. The reaction mixture consisted of 50mM Tris-HCI

buffer (pH7.4) containing imM EDTA and UQH,-10-liposomes (consist
of imM AMVN, 3uM UQH,-10 and 5mM lecithin) in the absence (A) or

presence of NADPH-regenarating system (consist of 0.2mM NADPH,
10mM glucose-6-phosphate and 5 unit of glucose-6-phosphate
dehydrogenase per ml of reaction mixture) ( A ), 1.45mg of cytosolic
protein per mi of reaction mixture (Q ) orboth (@ ). The reaction was
carried out at 37 °C. The values are the means + SD of three

experiments, " .t Significant differences at levels of P<0.05 and
P<0.01 respectively, compared with UQH,-10-liposome in the absence

of NADPH-regenerating system and cytosol, using Student's unpaire t
test.

BIH MREIEX/CEXTERIC LS 22-Azobis@-amidinopropane)
Dihydrochloride 55& 3 ¥ OV — LIS E B8 LR IS O]

AUETC. AF4ERZE NADPH-UQ Reductase (3. Liposomes [EA®M UQ-10 #&8¢
THI L& AMUN SR EBIREAMERICENG TS 2 e REh -, FHE, &
—HiT. £¥&(&. [F#EE NADPH-UQ Reductase #* X 7/ 0V — LR OKE MK
UQ-9 Z2bETTLT S L 2HABLE, ChS>DER, 5. #MIEE NADPH-UQ
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Reductase (. £ &EROREAM UQ DETEN L THBLERERBE T332 £ HH
BeENnk, T2 T, KBEFZTHINVEEE T H B 2,2-Azobis(2-amidinopropane)
Dihydrochloride (AAPH) # BV THFI 70V - LBICIEE BB ERICEZEH L. Sv b
AT#HIBZE & NADPH » 5523 UQ &R . AREM UQ-9 MET%# M L TIEEBER L
RIS E WS T 5 0ARET L 72, |

(1)

e Y

I 70V - LEESS S UHRECHN :

F—E. BIH. REBHEQ-OICREV. 838E (170~180 g) O Wistar R
%5 b (SPFEMD, BAIZXT LY —#XE) OB L WERARL =,

7 v MR E DO FILIE : ‘

EREE&LTIOMgEND Ty MIFMBEE. 02mM NADPH. 0.1mM
1-Chloro-2,4-nitrobenzene. 2 units ¢ Ascorbate Oxidase EC 1.10.3.3,% 1) T '
CEIIVERTIR) & 1.15% KCl 258 50mM Tris-HCI #2& & pH 7.4) » 55 3 R
R, 1ml %, 37 CT10HMRE L/, RISIRTH#. RICHEH 50 L 1.15%
KCl # & & 50mM Tris-HCI #Z& & @H 7.4) TEHILL /= PD-10 # 5 A
(Pharmacia) EAWVWT/VIBAL ., EAE:2ECFEVEN £E S THILEMIE
&Ll IBRTOMILE S D GSH £& 12 34.5£2.6 nmol/ml. B#{LE! Glutathione
(GSSG) &= (4 1.3+1.7 nmol/ml . Ascorbate E21(3 11.712.2 nmol/ml T - 7=
. ALEEE OMRRE EiLEMERE) S IZ(d GSH, GSSG, Ascorbate #iC4 < &
Shia hor, /. #MEZE NADPH-UQ reductase &1 . fLIRET @56 + 89
pmol/min/mg protein) &AL 1% (446 * 76 pmol/min/mg protein) TEHEEH > h
Lo,

v M 70V — L B AAPH SFEISE BB LS -

Zy PRI 7OV -LABRES . FiS - BBEER)RTZEICLY . AEM
UQ-9 DETEREE|ET I €727 $925~30 %) ZERICHAWE, EAEE15mg D
AALEMREE. EREE 1mg DI /O0vY — LEES . 5mM AAPH. 0.2mM
NADPH. 10mM Glucose-6-phoéphate . 5 units Glucose-6-phosphate
Dehydrogenase & 1.15% KCI & ¢ 50mM Tris-HCI 8 &7 pH 7.4) » 5 & 3K
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(4)

(5)

IS, 1 ml 2L, 37 CTRIBTIZ EICK Y RISERIAL 7=, RIS 4830817 -
7=
BELIEEEIE X -

EELARRLRUSICHEVENT B Malondialdehyde (MDA) &8 %. Esterbauer
5NHE PNIRVWER L 72, RISHERTHOER, 100 11 IZ3 L Acetonitrile, 100
el ZMZ. L<ERLH. 1,500x 0,30 AEELTECEICEYBEAL, &
S5h7-tiBEhD MDAEE % HPLC ICTHRITE L /=, B &L U HPLC £4ERIUT
CRUL-@Y TH D,

®E
Pump : JASCO PU-980 (HA43%)
Detector : JASCO UV-970 (HA %)

HPLC &f% :
Column : Lichrosorb-NHé (4.6 mm 1.D. x 250 mm, Merck)
Mobile Phase : CH3CN/0.03M Tris-HCI #2&:%& (pH 7.4) (1:9, v/v)
Flow Rate 1.0 ml/min
Detection : UV, 270nm

HAHHDO MDA E813. BENE2D MDAEERREA VTR L AREKR LY BH
L7z, MDA IR#E &7 (. 10mM 1,1,3,3-Tetraethoxypropane M 1% HoSO, & &
EERT2HREME L. COBRRPICER LA MDASEEIRE 245nm ICH1F3
ME LY . HFRAFE 13,700M 'em™ 2HVTEH L. 0.1M Tris-HCI
FRER (pH 7.4) TEUGBEICHFRLUER L 1,
EQEENEESR .

-8, B, ERHFFOIRVEE L,

RERIGR

GSH & Ascorbate (&. AAPH KW EBEL FKAENIV XS5 T H L EEIERIC

HET B2, 7, GSH & Ascorbate I, HEMLIAERREIC & - THE S h /- ki
D o-Tocopherol DBAE %2 L TIEEBRIERISEMT 32 EAMONhTWS

-87-



122)120125) " Z hih. BiALIE% LT GSH & Ascorbate #5220 CBL « fek L - #RlaE
ZFH T, NADPH-UQ Reductase /"X 7OV — LIEEORAM UQ DETXTENLT
AAPH S5E I8 H BB LI 2 ME T 2 P&RET L /-,

AAPH IE& W Ty MFI 70V - ARICHE L 1:BBMERIS IS 5 MDA D4R
. AR L5y FITHIRRE H 3 W (& NADPH BERD E B 5 —H & 51 L /=832
WHIBl S hhEh o0 MEEFMLU A (ELR) ICRESICHE & h i (Fig. 23), —
7. AAPH TIEEBBMERICEFE L/ 370V -—LETIR., Z2ROXETHRE
M UQH2-9 RELICHAR LT Uk o 4 AAPHIC & 3 IEELBRRILRUG 2558 L &L .
BRICE. UQH- 9 EVEERICER T2 2L 2887 Fig.24), ChO5DBENL S, #
BE NADPH-UQ Reductase (. NADPH O T. 340V —LBAOKRE &

10 - P<0.001

Malondialdehyde Formation
(nmol/mil/4h)

-AAPH +5mM AAPH
NADPH Regeneration-

System : = - - +
Cytosol : _ - j- + +

Fig.23 Antioxidant Effect of NADPH-UQ Reductase in Cytosol on
AAPH-induced Lipid Peroxidation of Lat Liver Microsomes
in the Presence of NADPH

The reaction mixture (1 ml) consisted of 50mM Tris-HCl buffer (pH 7.4)
containing 1mM EDTA, 1.15% KCI, 5mM AAPH, 10mM glucose-6-
phosphate, 5unit of glucose-6-phosphate dehydrogenase, 0.2mM
NADPH, 1.5 mg protein of glutathione- and ascorbate-oxidized cytosol
and 1 mg protein of microsomes. The reaction was carries out at37 °C
for 4 h, The values are the means + SD of three experiments. *
Significant differences at level of P<0.001, compaired with the
absence of AAPH, using Student's unpaied t-test.

-88-



UQ-9 B3 &IC&, I7OV—LEICHELEBERICENF T2 & A
BES PICH o 7,

(A) -AAPH (B) +AAPH
100 100
— P<0.001
2 !
; 80 -
2
o 60 -
o )
% 40 - P<0.001
o
I
e
)

Before After 4h Before After 4h
Incubation Incubation

Fig.24 Change of Endogenous UQH,-9 Contents in Rat Liver

Microsomes by AAPH-induced Lipid Peroxidation in the
Presence of Cytosol and NADPH

The reaction mixture (1 ml) consisted of 50mM Tris-HC! buffer (pH 7.4)
containing ImMEDTA, 1.15% KCI, 10mM glucose-6- phosphate, 5unit
of glucose-6-phosphate dehydrogenase, 0.2mM NADPH, 1.5 mg
protein of glutathione- and ascorbate-oxidized cytosol and 1 mg

protein of microsomes in the absence (A) or presence (B) of 5SmM
AAPH. The reaction was carried out at 37 °C for 4 h. The
UQH;9/tUQ-9 ratios were measured at 0 and 4 h by the method

described in text. The values are the means = SD of three
experiments. * Significant differences at level of P<0.001, compaired
with the absence of AAPH, using Student'sunpaied t-test.

B=H EEBLUIME.

£ =

#A2E NADPH-UQ Reductase #*, BEEKARO® UQ RIEEDETEN L THERE
BRECLTBPEIMRELEZEZA. Ty MTMIRE . NADPH OFFET.
Liposomes [RA UQ-10 MBI 2L T AMVN THIEEE (C55:8 L /=888 LRIS % #4)
TE5ZEERBOE, 5. UQH,-10 &F Liposomes # AW EEB L V),
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NADPH-UQ Reductase (. #iB8{LIERADKERE U/ UQ-10 2. U UQH5-10 A &
=TT (UQHL.-10 DBAE) T3 2 £ #BAS M L 7,

UQH, BIEE~NIVF X5 SH (LOO") ® a-Tocopheroxyl Radical (o-Toc-0-)
EHETBR ZEICLY, ZThAHIE Ubisemiquinone Radical UQH+) N &B#{t & h 3
(1] X ~[3] K)o

(LOO*)ipid =+ (UQH2)jipia = (LOOH)jipiq + (UQH*)jipig  [1]

H BT
(LOO*)ipi¢ -+ (@-Tocopherol)jipig = (LOOH)jipig 1 (@-Toc-O+)jipig  [2]
(@-Toc-O+)ipig + (UQHR)jipig = (e-Tocopherol)jjpig + (UQH* Jjipig  [3]

(lipid (XBEEER ZRT)

Lich > T T v MET#EBEE NADPH-UQ Reductase #°, MBR{LERD &R, BBE&
h7- UQH, BIIREDBEICBVTWANDTH hti‘\- COBEFEN UQH: eREELT3H
EXNPRIBAELD, LALENS, SEOHKRE TE NADPH-UQ Reductase #* UQH-
EEBEETIDEINEBBONICTEZI LR TEL P 7, Landi 5 283, UQH, #*
FUNIVEHEETBOICEZ B N TEB3BFOH Stoichiometric Factor) (£ 3254
BICE 2 TH3ICHEDHS T, EERIICK® 5h 7 Liposomes ERD UQH,-3 D
Stoichiometric Factor (£#) 05 CIEWETH I 2 2R LA, AHOBRI
Yamamoto 5 (Stoichiometric Factor for UQH»-10 = 1) ? % Fiorentini 5
(Stoichiometric Factor for UQH,-7 = 0.84~0.98) 28 X Frei 5 (Stoichiometric Factor
forUQH,-10= 1.1)2" &k > TH. K8 UQH, AlEHEAV B EVEBI AT
3, Ch5NDEEDS Landi 5 % Ingold 5 i3, 1 HFDIEES S H I EEET
SILICLUELCAUQH: B, E5ILHI 15 TFORBESVHILERETEIZ 8L,
ZOBHEEFZEPHICKIBABELTUQICE S Z & #RIZL 7= (4] 5£~[6] )0

(UQH*)ipig + O2 = UQ)jipig + H" + 02°)aqu [
HBUWIE,

(UQH*)iipid = (UQ *)iipia + H agqu [5]

(UQ"*)ipig + O2 = (UQ)jipig + ©2°)aqy (6]

(lipid (2 BEEIENA, aqu (F KM ERT)
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Lieh > T 5 v FITHEZE NADPH-UQ Reductase »" UQH: # UQH, NEBTTT 3
ZENTELECED, UQH: EPHLIC UQ AN EB{EE W3 =%, #Il2E NADPH-UQ
Reductase (3 Ch 2 AE & U THBUMBEEREE T2 UQH, #8432 & T%
%, £ZABT.BIRAEBIARTRLABIET O WEET S, 2D 02° BRBIERIS
& W) HyOp &% 2D (71K). ChpaBIC02° ERIBLT. &V iaH% EMmERE
(Hydroxyl Radical (-OH)) %7 3 (8]RK), £/, 02"t Fe3* L ENEBr A+ 35
TLT Fe?* 4L (O)R). ThHES5IZ Hy0p ERISLT. ‘OH 24T 3
(Fenton JRIG) ([10] ), A

O2° + 02" 4 2H* = Hy,0, + 0, [7]
HxOp + 02" = :OH+"0OH + 0, [8]
Fe3* + 02" — Fe?* 4+ 0, [9]

HpO5 + Fe?* — -OH + "OH + Fe®* [10]

L2 LED S, &R (EICHIRE) ICRZOKBETSSHNERERTIBNES T H
IVIHZEEHE (SOD, Catalase & & DEFER ¥ Ascorbate & & D& S FHBR LR »TE7E
T30, 02" OELICERL ZIEERB{ERICOBE L, £HRRTEZNIFERMEAK
BRESHBVWHDERDLIS, BEE, I/70V-LEBEEHAVARET. 22ROEET.
IEEER{ERIS (TBARS DAER) PEREIh B3 Z &ldhh o 7,

Takeshige 5 229 (3 R&Z LAY DI P> FY 7REEAVTHRES
UQ-10 OBER{E - Bl CIEE @B RIS EDBEIR EMRL THY . MBEHE L LT
NADH O 7FEFE T . Antimycin A CN" £ ¥ #HWTI FaL RYTERNICHEET 3
UQ BIRGEERBITIREIC LT®3EI baY RYTHEICEE L - EE(LBLRISHTRE
& ﬁé CEEMEABLL, AROBRIE. WIEEE L LT Succinate 2 L =& &IChH
BRBEhTWE2), ZhoDHEIF. I FIL FYTHRBENEFEERICEVTET
ER T 72 UQ B1&REDN . ZDEF % Cytochrome bey A Complex ) A & 15
ETBETTRESC, I P RYTRICEL LBEERERSEMEIT 2 2 &ICbE-
TVWBZEERLTWS, £/ Kagan 5P, Sy MFI 70V~ LESPHKS+7

bY—LERICEL4DIRED UQH, RIIRAEZ I AT €3 &, ZOBREICKE L TIE
ERRICRISHANESNE Z L EHEBLAE, 2OL 212 UQH, AEEEI a2 KY
TUADMREAF IV X SETHMBILERERT I EAMEBIMTVS A, BERUQ
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FEAEET TSI FALRUTOL D GEEIFEL A VBIRAFT VR ZICEWNT,
UQH, FIBEHE ED L F I L TR S ATV BDPFZhETHSAICIATVED 5
oo U LEHN S, SEMEE &L . #F2E NADPH-UQ Reductase (& . EEAKE
NICHFET 2 UQ RIRFEET L TZORTARERICH D —ELNIMICHER L, @5
PORETEERRICEIEIOX FLIPEL 1158, BIEAEZEL» SEKEHHTI -0
DEFERMBIERETERE L TWB Z PR E N,

T

7w hiF#iB2E NADPH-UQ Reductase (. NADPH O£ F . Liposomesi&A 0
UQ-10® 370V —-LERNOREAMKUQ-9 EETTEIEILLN STYHNLGBEHD
AMVN X° AAPH (C & 3 BB ARRERIG IS U THBMEERERBT 3 2 LS A &
Bof, 2hHDZ &h 5 HIZE NADPH-UQ Reductase (3. EEBERICHEET S
UQ A EZETTSZ LIk, ZORBTHREBICHI—ELNIVICHEL, A5
P ORETEERICEIERIZ b L IHFEC 7158, BILMIEE, SEKEHET 218
DEGARMBIERETR L TWB I ENREE M,
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FRE AEX/108BESy MoBUBFFHBEELE X/ B TEEEE
N LERE. MR{ERFEFEFRIEREDOE A

1980 £, Sugiyama 5 30 3 ER{LEOD UQ-10 25 v MERARICKRETEZ &I
LW, B &DBD I oy Y 7R Lipoperoxide S84 EEBICEKTT3 2 & 533
Wiz, ZDH., UQ DRIIRE &, MIBILRFE (CCly) %@ % Ethanol 3,
D-Galactosamine 3 % ¥ CE|ERR Z A h3 ST HIUMITREE, /. AB0EN - B
BRAREE PP R b2 v o 30830 kS IEEAMILREE MEIT5 2 &
PEASHICE Rz, LPLENS, HESIhAEUQ N, EERTENDL S LEE THEE
EEREE2RB T2 H» GERICIBBIh TV AEY, BEE., §i8  TIORRAERE
NADPH-UQ Reductase IC &3 UQ BETTRPBEEL TWAD TR EWH EEZ, KET
BEFUQEENDTVTY FEERL., ZOADKT21T- 71,

B8 2EX/ 108505y MBARB{ELRADOES

a-Tocopherol X Ascorbate DEARN TOHMEEIFREE #H5 BAI Tk, LIFL
i¥ Vitamin E R ZE)# %> Ascorbate AR EEERA L /=5 v b (Osteigenic Disorder
Shionogi v M) P EREIS, LALEN S, UQ BEGRRTEEREINB3ZE, *
oo SPACRUTEFEERDVEBRES THY . ATP BEICVBERAREME T
HBLH, UQ RZEMDEKRIIEHTH 3, £, UQ ERBEEN—DOTH 3
3-Hydroxy-3-methylglutaryl-coenzyme A Reductase (EC 1. 1. 1. 34) #[HE T 3
Lovastatin (C& B RLIEIE. £ARUQEEE. 20~30 % BEBETI €32 M5 N
T3 1M - DIREDEFARUQ SBORDTH., DHEENET & EEKIZE -
TEELREESIERITIEIRESNATWVS ¥, Z0£H. invivo TO UQ D
BRACIERICDOWTOREE. TATUQHES B TR E h T3 339 2hig &
# H#BaE NADPH-UQ Reductase. &£ 3£ %% U /-fE# & UQH, 7. HEHBRIERTED
FOLREEBLULTVWEPE invivo T T 3ETLEHE LT, UQBES v + &
FAWwasZ iUk, REITER. £¢. UQ-105IC&5 5y MNTB UQ RishE2 L
5 NS GRMBRLETF (E9 FMEBLNE 58 L B LEBERIEM) OZTEIC DUV TS
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L7,
EEBRAE

(1) EEREMHOFTILIE :
8 M (170~180 g) D Wistar RifftEZ v b SPF&E¥), BAI X TI)L S —#K

SH) 8ILE, 1FIRELTUUTO2EIAY. ZhPNISRLUANUER2T -
7=
© MBEZ v b+
2%HCO-60 £ ECHEBRIEKE. Ty MEE 100gH74Y. 02ml % 238
FERERRES L 7,
Quasytk
2%HCO-60 TALA{EL L7 UQ-10 S CEREIEXK (1mgUQ-10/m) . S
NMEE 100g H 7). 0.2ml % 2:BMEBIERAIRS L 72,
AIALIRERRIR . T v MEER 21 =1 °C. JEE 55 £ 5 %DIER « EEDHEERF T
12EC COMBAAT, ABEETo 7, EMER(GAMRX by Y, BRI XY —
HASH) LUK (HEBREK) CERICERE €, B 24 BEICHEE S ¢ -,
2) HEAESX—bORAR:
AALIERTHED Ty bW, F—F, B—H. EBRHFEQ-OICRVEEL 1,
3) ESFRBIEMEEENEES !
® UQ & UQH, BikfAEDHE L 5 ICES :
F—E, F—H. TRAEDIRWT- 1,
@ a-Tocopherol DA 5 ICES :
a-Tocopherol §E (. Tamai 5 DA% 3% —WEE L TAEL =, BE
Ay VEICEF, 0.5ml &£, 6% Pyrogallol, 1 ml. 0.27mM EDTA 28487 3
150mM K-Pi #Z& & (PH 7.4), 05 ml, 2 x g/ml 2,25,7,8-Pentamethyl-
6-hydroxychroman (Ethanol i&7&),1 ml #MA. 70 CT 2 HREEE L7, 60%
KOH,02 ml 2MA TE<HEHR L, 252 70°CT 30 AREFRE L A#.
n-Hexane, 5 ml & Hy0, 25 mi 201 Z. 80 rpm, 10 SRR L > L T
a-Tocopherol Z 3l L7, KIC 1,500 g, 109 EELL. BohALBOD
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n-Hexane B2 HlD@EIE Y YEICSML. BRIAMAF. O—% ) —T/NKL—
Z—FHWTHEEZRE - ZE L, ZEICEN S0 Ethanol # EFEICI A .
HPLC MEflE L7z, EEICHWAHPLCRBS LU MMEGFRUTICRL =
WY THB,

®E
Pump : JASCO PU-980 (B A4 3)
Detector : JASCO 840EC (HA% )
HPLC %&f% :
Column : COSMOSIL 10C18

@6mmlD.x250 mm, > H 51 72X 7)
Mobile Phase :Methanol/H,O/NaClO4 (1,000 : 2 : 7, v/v/w)
Flow Rate : 1 ml/min
Detection :ECD
(Applied Potential = +0.6V vs Ag/AgCl, Sensitivity = 8nA)

#HF R D a-Tocopherol £ (&, 2,2,5,7,8-Pentamethyl-6-hydroxychroman %
AEMREE S U AERIERER L WHEH L 7,
® Ascorbate & & U2 Ascorbate D % 5 ICES

Ascorbate & &2, Coustard & Sudraud 7% B9 % —EEE L THEL
7=, B#Y, 50 1l IC 200mM Deferoxamine Mesylate, 50 x| & 6.25% X 4 ') LB,
400 ! ZMA . K<EBLUAT%, 1500 x g, 10 ARERDLL. ZOLB %
Ascorbate EEF HPLC Bl & L7z, ch & iBlic. H#, 50 1! i 200mM
Deferoxamine Mesylate, 50 | & 20mM Dithioerythritol, 5 x| Mz . & <
L&, 10 SRIBEL 20 Z D&, 6.25% £ % ') B8, 395 ul #H1A . 1,500 X
g, 10 PEhEDL L. Z D LiE%#8 Ascorbate E2H HPLC &l & L=, IEDig
FETRTKAET (4C) Tlroro EEICHW:HPLCEB S LU HITEMEE
PITFICRUEZBY TH B,

¥E
Pump : JASCO PU-980 (HA%)
Detector : JASCO 840EC (HAR )
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HPLC &% :
Column : COSMOSIL 10C18
(4.6 mm1.D.x250 mm, 7 HS5 1 FX7)
Mobile Phase :5mM Cetyltrimethylammonium Bromide &
0.1M KH,PO4 % &6 HpoO/Methanol (95 : 5, v/v)
Flow Rate : 0.8 ml/min
Detection : ECD
‘ (Applied Potential = +0.6V vs Ag/AgCl, Sensitivity = 8nA)

D Ascorbate E 26 £ UFE Ascorbate B2 (3. BEFIZ D Ascorbate %
WTHoDIUHE-ISIERICHERULABREBRLVERL
@ GSH LU GSSG DL 5 ICES
Hissin & Hilf D753k 139120, GSH 8% 5 UFIC GSSG 8B £ HIE L 7=,
(4) MmEMLBEREMERTES :
® Catalase E4EBRIE X :

Aebi DA% 180 (CHELY, Catalase B % BITE L 72, Catalase &1k it .
Aebi DR U BIERST. SHEBE 1mg»' 1 SRH W ICHEET 3 H0, D
= («mol/min/mg protein) & UL TR U 7=,

@ #& Superoxide Dismutase (SOD) # & U Mn?*-containing Superoxide
Dismutase (Mn2*-SOD) &4 % :

Oyanagui ® A & B (CfELy, #2 SOD &t (Cu?*,Zn?*-SOD &1k &
Mn?*-SOD &1 D) & & U Mn?*-SOD EEEBE L 7, # SOD &ML L U
Mn2+-SOD &t (2. Oyanagui DR L ARIERAET. REOKH W ICKDAEH
WoBFDORE (RILEE) £ 100% & L. COREBE 50% HE T 30ORR0E
HZINUCEERELT, SREAE 1 mg %70 OEM (NU/mg) & LTRLU 7,

® Glutathione Peroxidase (EC 1. 11. 1. 9) SEMBIE % : ,

Paglia & Valentine M7k " (CHEuy, Glutathione Peroxidase & 1% % BI%E
L7z, Glutathione Peroxidase i&f4 (. Paglia & Valentine MR L 7-BITE R T .
AHREBRE 1 mg #1 2FEH 0 ICER{ET 5 NADPH 8 (hmol/min/mg protein)
EULTRLE,
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@ Giutathione S-transferase (EC 2. 5. 1. 18) JEM4EITE L ¢
Habig & Jakoby M7k 139 (Zf¢Ly, Glutathione S-transferase &4 # I
L7, Glutathione S-transferase &t (3. Habig &Jakoby DR L 7-BITE LA T.
AAEAE 1 mg 1 2R &H 7V IC GSH 847 3 1-Chloro-2,4-nitrobenzene
D E (nmol/min/mg protein) & L TR L 7=,
® Glutathione Reductase JEMBITE :
Carlberg & Mannervik M 753 9 [Z£L. Glutathione Reductase &% % I
E U7, Glutathione Reductase i&f£ (X, Carlberg & Mannervik D& U 7= 5%
T, HHEQE 1mg »1 9@ & /=W (CE{ET 3 NADPH & (hmol/min/mg
protein) & UT/R L 7=,
(5) NADPH-UQ Reductase S&HBIE -
B_E, . ERAEQ-OICRWVBEIEL =,
(6) DT-diaphorase ;EMRITE :
BB, BT ERAECQUCHVAEIEL 7,
(7) BREENEER !
B—E. 8. ERABEOCIRVEEL -,

RERFER

(1) Sv FORRICHT 3 UQ-10 15D
14 HE. UQ-10UQ 5 v M) B LU ZDBIE GIREES v M) #HBEL A5y
hDFEZEILI Fig. 25 IC/RL A, UQ 7w b TIR17514gh 5200+ 9¢ (2,
Tl WBES Y PTIE1756gH» 5 20111 g (CHEENEML /=, TEOT v

FOBRRICRENE<BOShED 51,

(2) HFEEICH T2 UQ-10 E5DEE
MEBEZY bEUQ Ty M SEHUATFROEEEEZRAEL -, WEBES Y
FNORFEEE X 54210619, UQ 5y FOFEEESI(L 540 + 0269 TH Y.
FRREEEZICHT S UQ-10 5D EBEBH O h i - 1,
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Fig.25 Growth Curves of Control and UQ-10 Supplemented Rats

UQ-10 supplemented rats and control rats were prepared by
intraperitoneal injection of 2 mi/kg body weight of UQ-10 (1 mg UQ-10
and 2% HCO-60 in saline) and the same volume of the vehicle (2%

HCO-60 in saline) daily for 14 days, respectively. O , Growth curve of
control rats, @ , growth curve of UQ-10 supplemented rats. The

values are the means + SD of four rats.

(3) AFEEA UQ REEESEICH T2 UQ-10 5 NDEE
MEBEE T v FORFEICIE. tUQ-9 Dfts, ZDF 10 % ED tUQ-10 ATETEL T |
W Fig.26), LDH, ZTOREAENERETH- =, —FH. UQ 5 v FTlE.
FFIRAO UQ-9 LU UQH-9 EEICE<HEEZ5 2 TIC. tUQ-10 88 %145
fBEME LR, LAd, TOBREAENMETRED UQH-10 THBZ NS, S
dh7-UQ-10 . UQH2- 10 AETEh THBICEEI W3 2 EBH S i,
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(A) Control Rats (B) UQ-10 Supplemented
Rats
400 400

300 4 300

200

200

100 100

UQ Contents (pmol/mg protein)

0
uQ-9 uQ-10 , uQ-9 UuQ-10

Fig.26 Effect of UQ-10 Supplementation on UQ-9 and UQ-10
Contents in Rat Livers

(A) UQ homologue contents in control rat liver homogenates. (B) UQ
homologue contents in UQ-10 supplemented rat liver homogenates.
Solid bars, tUQ homologue contents; open bars, UQH, homologue

contents. The values are the means + SD of four rats. * Significant
difference at level of p<0.001 compared with the same UQ or UQH,

homologues in the control rats, using Studen’s unpaired ttest.

(4) FFRAMBILET & & 0% / L BTBRERICHT 3 UQ-10 BEDHE

UQ-10 B5IC & 3 UQ & LU UQH, RIERALSNOEFRREBIEEFH L U% /
CETHRELEOESHE. FREV2— FERAVWTHRE L AR % Table 25 (Z5R
Lo 7y MFRADES FREEHES E. MBE(LEEFEEM X DT-aphorase &
tid, UQ-10 BEICE > TL<KEH LA L > 44, UQ T v O NADPH-UQ
Reductase &£ (FIENERICH o/, 22T, MRE 9B L THARNALE S,
A2 E O NADPH-UQ Reductase &M, UQ-10 BE5IC L WERICENLTWS
ZEHEB® 5 hiz Fig.27), MEIE NADPH-UQ Reductase #*. §F UQ S D0
ICHICL THRINBIERE., ABRIMROUQBTOEERELE>TWVWI I EF
RELTWE LS CEbIE,
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Table 25
Effect of UQ-10 Supplementation on Antioxidant Contents and Antioxidant Enzyme and
Quinone Reductase Activities in Rat Liver Homogenate

Control Rats UQ-10Supplemented Rats

Low Molecular Weight Antioxidants:

GSH (nmol/mg protein) 6.77+0.33 6.5110.85
GSSG (nmol/mg protein) 0.29+0.02 0.30+0.04
Ascorbate (nmol/mg protein) 1.60£0.19 1.53+0.22
Ascorbate + Dehydroascorbate (nmol/mg protein) 1.75+0.11 1.8110.14
a-Tocopherol {pmol/mg protein) 217x11 222118
Antioxidant Enzymes:
Catalase {(umol/min/mg protein) 247162 25118.6
Mn2+-SOD (NU/mg protein) 72.8+35.5 71.7+29.6
Cu2+,Zn2+-S0D + Mn2+-S0OD (NU/mg protein) 559x218 566+162
Glutathione Peroxidase (nmol/min/mg protein) 80591 832233
Glutathione S-transferase (nmol/min/mg protein) 348136 352x31
Giutathione Reductase (nmol/min/mg protein) 31.0£3.3 30.9+2.7
Quinone Reductases:
DT-diaphorase {nmol/min/mg protein) 36.0x13.1 34.6x11.4
NADPH-UQ Reductase (pmol/min/mg protein) 269172 323+55

The valuesare the means+ SD of four rats,

600
= ]
_é 500 P<0.05
<E ] '
o 2 ]
0 O 400 -
o =
o 2 ;
5 o
T £ 300 —
Q
C c :
gE& 200
20
T E 1
o £ 100 +
(]
2 )
bd 0 -

Control uQ-10
Supplementation

Fig.27 Effect of UQ-10 'Supplementation on NADPH-UQ
Reductase Activity in Rat Liver Cytosol

The values are the means = SD of four rats. Significant difference
indicated was compaired with control rats using Student's unpaired ¢
test.
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BE X/ 10855y FOMBLRESFEFAERMEA L. ZOERBE

CCly &, ZhBHFOBEMIMEVICHEDL ST, FFRBICH L THRNICEEE S /-
5T Z N5 TV, CCly FEIFEMIE. 2 70V —LDCytochrome P450 % C
LBRBBRICENT. RIEHDBEVT S HILHRBGITR I3 2 £Ic &3 1410142
1961 £ Butler (&, AFi#(C &2 T CCly » 5 Trichloromethyl Radical (- CClg) #¥ 4% ¢
BT EERMUI M, 20 . CCly» 5D -CClg DERIE. NADPH £t =5
bIFI 70V — LAX SEET MBI TIE 2 % 2 &4 Spin-trapping %% AV TSIRB & h /=
M M) X B, cCOl k. DFRBELRIBL. URBHOS L
Trichloromethylperoxy Radical (CCI300-) ICZTAET 3 & EFFEBA L TLB M9, LA
»>T. CCly DEFEMIE. D -CCly X CCI300 - HEEKIE £ 48R T 3 FASFNISE »
SAKERERFESIZBIRS ZEICLVBAT 3 IEEERIERISH EER THIEEION T
W30, EER CClL BREICL WBERIhIIFRIE. HEATOIEEBMELRIS %4 -
T 1) 323148 o.Tocopherol % & DIHBILEIDATEE TR S h 3 140.148)

UQ-10 DIEREAES (X, CCly BEITAEHIEI €3 EMMS AT VS, Zhit,
BELZUQ-10 DEKATOMBRILIERICERET3 LEbhTW3 . ZOEEKE
DEMIEFTER S L TOE W, BIH T, UQ-10 DIERNIRSIE. Ty MNERBOBO
MBEEFICREL2<EEEE5 270, UQH,-10 2D HEIN & MEE NADPH-UQ
Reductase A Z BEICHEMA L3I #5388, LA ->T. UQ-10BE5ICL3
CCly FERMEBHRIE. UQ BETROTEICEL S UQH, RIEAESENHEMICERT
EOTHHEVWHIEEZIONE, 22T, COAEBOINMCTIRMN T, WRES Y &
uQ 7 b CCly BEIFRICHT 3K M & FFRARBIER T DOLEE & O BE £ 1257
L7

RBAE

(1) EBEREMHDRTAE :
8 JBHS (170~180 g) O Wistar RIS v ~ (SPFEM), ART XTIV —#st
St)16LzE, 18D 2/, ZhZhEEAE, £—8. ERHEO)C
TEVRTALIEL T, MBS Y FE UG T v MC U7,
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(2) CCly FFRDFR :
EBRAEOTER LA HBES Yy P UQ Ty bE, EBICA4ETONDLE
CH. ZhZhICBITOMIBRTH 1,
O MEBE T v b EELEE) ‘
MEBEZ Y M, FE100g H70 02 ml DEBEIEKEEBBRARS L =,
@ #BEBEEZ v b (CCly JLIZEY)
IEBEES v M. AE 100g 7= 0.2ml O CCl, #EEAKRES L 7=,
® uQ v ~ ERNIEE) |
UQ v MI, AE100g $ 74 0.2 ml DEERIEK 2 EERBE L /-,
@ UQ-10 7 b (CCly JLI2EE)

UuQ v hMI, KE100g $7-%) 0.2ml ® CCly EERRRIRE L 7=,
HEEAEKS B3V CClL MBL A5y M, TR 21 +1°C, B 55 + 5 %D
m e ERORIPTEHICI5BREAE 2R A%, ERICAW:E, CZOM. Zv
MRS, K EERERK) O BHRENE ¥,

(3) FriEfEREE S DR -

B—E. F_H. ERAEQ-OLRVRARL A, £/ SHRES NOM®BOD
BERDEAZ. £—E. £IH. ERAFZEC-O.OO0ORVY—H —BEEIE
LTHRELAEZ S, SHIEESOMEL., FIELRIISRULALEYTHY B—E.
EEHI. Table 2 £88). FELDLEICHAEZZ Z EHFBH SN,

(4) MITOARN :
B8, F—HE. ERAFQICRV. BETAEMRS WJFER U AMLAE L V) MIEE
SERHEL L,
(5) EAFMERILMESENEER !

® UQ LU UQH,; RiEEDHE L 5 ICEE ©
B—E. F—H. ERFEOCRW T 1,

@ o-Tocopherol D% 5 ICEE ©
BARE. F—H. RBRHEAB)-QIKWITo 72,

( Ascorbate ¥ & U2 Ascorbate DI L 5 UICER -
BRE, B, ERFEC)-OICRVT 2,
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@ GSH & U GSSG DA 5 UICER :
BAE, B—H. ERAEC)-DICREWT- =,
(6) MER{LBESRIEMERITE R ¢
@ Catalase ;EMHRIEE :
BAE, B8, ERAEG-OICRVAITE L 7,
@ # SOD # & U Mn2+-SOD EMHRIE ¢
BAE, E—H. ERAED-OIZRVEITE L %,
® Glutathione Peroxidase SEMERITE %
BAE, B—H. EBRAEG-OIRWVEIE L %,
@ Gilutathione S-transferase J&1HBIEE ¢
BAE, B, ERAFED)-@IRVEIE L 7,
® Gilutathione Reductase ;EMHBIE X :
BARE, B, ERFERQ-OILRVAIE L 7%,
(7) Aspartate Aminotransferase JEMEBEITE

7 v b I 3E & O) Aspartate Aminotransferase [=Glutamic-oxaloacetic
Transaminase (GOT), EC 2.6. 1. 1] &M%, GOT-UV 7 X b7 — FISEH#E) %
FWTRIEL 7, GOT &M Karmen 5 DIEE L &HT @5 C) 19, #E 340
nm S & T BMIEED 1 HE&H =1 0.001 B L /-BEDEMEE 1 Karmen Unit &5
# L. M1 mlH7AY) OEM (Karmen Units) & L TR L 7=,

(8) Alanine Aminotransferase J&EMBITE % :

7 v b3 Alanine Aminotransferase [=Glutamic-pyruvic Transaminase
(GPT),EC2.6.1.2]i& %3, GPT-UV 7 X 70— M) £EHVTREL 7=,
GPT J&1£(3 Karmen 5 DIETE L 2&MET 25 C) 9. JEE 340 nm (S &) 3 BEE
M1 2M&H70) 0.001 B U AEEDOEME 1 Karmen Unit S EH L. ME1ml &
72 4) O)3E M (Karmen Units) & U TR L 7=,

(9) NADPH-UQ Reductase &4 BRI :

BB, B RERARQICRVEIE L -,
(0 DT-diaphorase JEM4HBIE :

B_E. BIE. RERABRCICRVEIE L 7,
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1) BER(EIEERIES :

XKERA(3

1) BEREENEE:
w—E. FH. XBRAECICRVWEE L,

KRR

(1) CCly WIBIC & BRTADHERE UQ-10 BiiE DR

HBRUIB T, FARECEELIBIEL 45 M GOT L GPTEME LR

(A) Plasma GOT Activities (B) Plasma GPT Activities

i)
c 12
S
$ 10
E
S 8
4
(]
> 6
o
X 4
2
2 2
©
<

0
Fig.28

14

8
P<0.001 . ] 20,001
7] P<0.001 ]
; 6 P<0.001
- P<0.01 7
i _i_ 5_' P<0.05
| 4 l
3 -
J 2
_ ;]
0 :
Saline CCly Saline CCly
Treatment
Effect of UQ-10 Pretreatment on Increase in Plasma

Aminotransferase Activities by CCl-induced Hepatitis

(] . Controlrats; B , UQ-10 supplemented rats. The values are the
means = SD of 3-4 rats. Signuficant differences indicated were
compaired with saline treated rats using Student's unpaired ttest.
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JTHESh/-HMREESE%% L. 20mg/ml DEBBEE LD LS
ISEL B 1.15% KCI &8 50mM Tris-HCI #2E5% pH 7.4) KB LAH D&
TBARS S 2Bl A& & U 1=, i@ﬁ%tﬂ%giﬁ%ms% &% % TBARSEE IE.
Ohkawa 5 075k SOUZREVEIE U 7=, E#i0) TBARS £ &(&. Ohkawa 5 D3R
LZBIEERMGET. o bICEENICHREEEYE Malondialdehyde) # 45
T3 1,1,3,3-Tetraethoxypropane W\ TH 5 U ER L -REK LV EH L.
ABPDESHE 1 mg %721 O TBARS &2 (nmol/mg protein) & L TR L 7=,



(2)

HTELS, WRBES Y b UQ Ty MEITELEN L H > 7 Fig. 28), — 5.
CCly 3BTt MEBBES v FOMIE GOT EME GPT Btk . £ RMIBIZHART.
ZREZN 10015 L 70 f5IC LR U, % 7. CCly JIBIC & 3103 GOT &4,
GPTEMOERWE. UQ 7y FTHBH S hiH, WRES Y M) 50~70% I2FE
T BRBIEN o720 ThODERD D, COL MBET v MIFRERRT 517,
Z0) COly BRAFA I UQ-10 DRSS & WARICERE ha 2 EARBE L,

CCly 2LBICK ZFEEDNIEM L UQ-10 RIS DR

CCly MBICL I RRETHIFZEN B3 Z &P HIShTWE Y, 227,
CCl, MBICLZFEENIEME ., ZhIZH TS UQ-10 AR5 NNRB 2L 7=,
ERWEBTIX, HBEFS Y bEUQ T v FOIFERICERF B o 12 (Fig. 29), — 5.
CClL BT, My FHICHEEDHEMAIEBHSNAH . UQ 5y FOIFER
DEMEHBES Y PDOS0REETH . BEICHEIEhTWE, Th5OER
N5, CClL ABICLVTIZERIThIFZEIR. UQ-10 DEIRESICEVE UL E
BEhBZENPESIHLELE ST,

14

] P<0.001
12 4 !

10

Liver Weight (g)

Saline CCly

Treatment

Fig.29 Effect of UQ-10 Pretreatment on Increase in Liver Weight
by CCl,-induced Hepatitis

(], Control ratlivers; B, UQ-10 supplemented ratlivers. The values
are the means = SD of 3-4 rats. Significant differences indicated were
compaired with saline treated rats using Student's unpaired ttest.
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(3)

TBARS Formation

CCly SRR & 2 ATIR-BE2{LIBE DN & UQ-10 FifR 5 DR
CCly JLF2IC & 2 BT EEREREE DIEMICH T2 UQ-10 RS DIBRICDOWNT
BT U A=, #ERE Fig. 30 ISR U /2, £ RAE TILATHE TBARS S8 13, MEBES v
hEUQ Ty hTEEN D o7 Fig. 30A), —75. CCly BT, MR T v
FOBFEE TBARS 2 (2. £RWBOM 2SN LS. UQ 5 v hDIFIEA
TBARS €2, FLALHEMUEP o7, ThEDIERH, S, CCl MIBICL V) FH
RENBFBOEEARERISIE. UQ-10 8 EICL WBIIEE h3 2 & HBES »
EhE o=,

T/, CCly MIEBIC & BAFROIBERMLRISIE . TELTI PO RYTHE
EIVRAV-LETRIZIEFr BESNTVSE 3, 22T, CCl MEBICELB 3
PO R THEHAPBLIUCHEI VOV -LBEESOBBRIEEZTOEMICH T3
UQ-10 BT ESDHRICOVWTIRE L, EBUETIH, BB Sy b UQ Ty
FORBIT. ISP RYTESEHEI JOV—LEESDTBARS SRICEN Eh o
7= (Fig. 30B,C), —7/. CCl, ME Tk, HEBHES v bOHEI /O V- LEESD

(A) Homogenates (B) Mitochondria (C) Crude Microsomes
8 8 8
P<0.001 P<0.001

= 6+ 6 - 64 | "
5
o
Q.
o> 4- 4 4+
E P<0.001 P<0.005
g 11
£ 2-

0

Saline CCl, Saline CCl, Saline CCly
Treatment

Fig.30 Effect of UQ-10 Pretreatment on CCl,-induced Lipid
Peroxidation in Rat Liver Intracellular Fractions
(0 ,Controlrats; B , UQ-10supplemented rats. The values are the

means + SD of 6-7 rats. Significant differences indicated were
compaired with saline treated rats using Student's unpaired ttest.
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TBARSZE(3. £ RMNIBD JRBEFZ v FOR2EISHEIML =4, UQ 5 v +Tit,
EEAEBMUE D>/ Fig.30C), £7=. I bI> K THESD TBARS E£ (1.
CClL AEBRFTHUQ T v b, MBS v FEIZ LA EHEMLU &P > £ Fig. 30B),
ChED@RNS. CC ISICL VAR SN 3FRMIBE RIS, FIC3 Y
OYV-—LETRI>THY, UQ-10FiHEEI, 2OI/0vV-LBICREC3EE
BRIERICEMIE T3 EFBESO M E B 5 1,

(4) CCly #E5IC L B FRMBIEEFOEE & UQ-10 B 5 DTE
O KBRS FRBENESEICH T 5528
LERUIBRFD AT Ascorbate S8 & GSH 5& U GSSG S 214, HEBEFS v
bEUQ Z v MTED LD o7 (Table 26), CCly BT i3, H?HEAscorbate 3
ECGSHEEWR . £RMBEB LB L TARICHY LAY, 2O L. HER

Table 26

Effect of CCl, Treatment on Antioxidant Contents and Antioxidant Enzyme and Quinone Reductase
Activities in Control and UQ-10 Supplemented Rat Livers

Control Rats UQ-10Supplemented Rats
+ Saline +CCly +Saline +CCly

Low Molecular Weight Antioxidants:

GSH (nmol/mg protein) 6.76+0.31 3.89:0.36 ¥ 6.50+0.85 4.012020 1

GSSG (nmol/mg protein) 0.29+0.01 0.29+0.03 0.30+0.03 0.29+0.03

Ascorbate (nmol/mg protein) 1.60+0.19 0.49:0.05 # 1.53+0.22 0.51:0.16 ¥

Ascorbate + Dehydroascorbate  (nmol/mg protein) 1.75+0.11 0.5320.09 # 1.81:0.14 0.53:0.16 ¥

a-Tocopherol {pmol/mg protein) 217=11 181210% 222+18 16111 18
Antioxidant Enzymes:

Catalase (umol/min/mg protein) 247+63 243x44 25119 26173

Mn2+-S0D (NU/mg protein) 72.8+35.5 75.4x23.0 71.7+29.6 65.5+13.6

Cu2+,Zn2+-SOD + Mn2+-SOD {NU/mg protein) 559:218 558148 566162 521172

Glutathione Peroxidase (nmo¥/min/mg protein) 805+91 792+35 832+34 809+87

Glutathione S-transferase  (nmol/min/mg protein) 348+37 270:10* 352131 3242368

Glutathione Reductase (nmol/min/mg protein) 31.0+3.3 28.8+1.1 30.9+2.7 30.2+2.6
Quinone Reductases:

DT-diaphorase (nmol/min/mg protein) 36.0+13.1 37.8x12.2 34.6:x11.4 35.3+5.2

NADPH-UQ Reductase (pmol/min/mg protejn) 269:73 14110 * 323155 154+19 1

The values are the means + SD of 3-4 rats,
* 1. Significant differences at levels of P<0.05, P<0.005 and P<0.001 respectively, as compaired with
saline-administerd rats (+salin) in the same treated-group using Student's unpaired ttest.

Significant differences at level of P<0.05 as compaired with control rats using Student's unpaired 1
test.

§
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a-Tocopherol Contents
(pmol/mg protein)

BoybreUQ Sy FNTe{ENE P o7z, /-, Ascorbate EE & GSH §&

DD ICHIS U 7= Dehydroascorbate S 2 X° GSSG S 2NIHEM IR 5 kd -

oo Sh5DFERD 5. CCly MIBIC KV B EEE I & h BKBEES FMERILY
SEOREDIE. UQ-10 2RIHRELTHRILETRZ &N TE LW EHFEES B

Eh ot .

IEEEE D FIBREYE @-Tocopherol) SEICH T 3 &

BTl o-Tocopherol BB IEBMIETEE S h T, WEHSy b UQ T Y
FEITHEN LD - 7= (Table 26 & Fig.31A), —F. CCl MIB T, MRS v
b, UQ 5 v F3#HIC a-Tocopherol EEHAFEICED L A, UQ T v b DED

2. WEBESY FLVHB0%DE <. UQ-10 DFTIEREHD a-Tocopherol DY
BEARICHHLTWB3ZLPBO SN,

I hPICRYTEASEHEI VOV - LEBESD o-Tocopherol 23T 3
UQ-10 BT S D%IRIE Fig. 31B,C ISR UL 7z, £RME X, I FIP FUYTES
EHI VOV —-LERESD a-Tocopherol EBICLHEE 52 hd o H,
COly MIBIE . HEBBES v FDI RIS FUTES EHEI 7OV — LEEH O

(A) Homogenates (B) Mitochondria (C) Crude Microsomes
1500 | 1500 1500 - POO1
P<0.001 ] P<0.01

1250 A 1250 4 - 1250 peo o2

1 ’ P<0.005 1T —
1000 A P<0.001 1000 1 11000
. P<0.05 4
750 - P<0.005 750 - T | 7504
P<0.05 ] |
500 l — | 500 500 -
250 250 | 250 -

0 ’ 0 i 0
Saline  CCl, Saline CCl, Saline CCl,

Treatment

Fig.31 Effect of CCl, Treatment on a-Tocopherol Contents in
Control and UQ-10 Supplemented Rat Livers

[ ,Control rats; B , UQ-10supplemented rats. The values are the
means + SD of 3-4 rats. Significant differences indicated were
compaired with saline treated rats using Student's unpaired t test.
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a-Tocopherol EEZ#FRBICEKTE €/, LAL. CORMPER. UQ Sy bD
IFIFUTEGEI 7OV - LBES T 20~30% P4 <, UQ-10 DR
5" a-Tocopherol DV #BHlL T3 2 EHFBH > Mz,
B LBEREMICH T 38

AR DMBRLBEREMS L. WBES v b UQ Sy METEN KL, T
ERMIBICL 3B HLH o /- (Table 26), CCly MIBT 2. BB (LEEFE EMHD
2 5. Glutathione S-transferase JEMND & " HBEES v N THEIET L =297,
UQZvy Tl ZDEIBETEEBD Shih o, BOHBEEEIEMEIL.
HBES Y & UQ Ty MEIC, CClL MIBOEEE S B LD - 1,
X/ U RTEHREEICH T IHE

DT-diaphorase &%, WRBEZY P UQ T v FTEN L. £BNE
BLUCC NEOFEELFE I LD > 7 (Table 26), NADPH-UQ
Reductase FM bR E X — FNTCHBTE &, HRBES v FE UQ Ty T

BaZER B £RVEOTELFE I ) 5 /- (Table 26 & Fig.32A), L L.

(A) Homogenates (B) Cytosol
800 - 800

P<0.001

600 - P<0.005 600 - P<0.001 '
| , P<0.05 P<0.05
P<0.05 { P<0of —=

NADPH-UQ Reductase Activity
(pmol/min/mg protein)

400 400 -
200 200 -
0 0
Saline CCl, Saline CCly
Treatment

Fig.32 Effect of CCl, Treatment on NADPH-UQ Reductase
Activities in Control and UQ-10 Supplemented Rat Livers

[, Control rats; B, UQ-10 supplemented rats. The values are the
means = SD of 3-4 rats. Significant differences indicated were
compaired with saline treated rats using Student's unpaired ttest.
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CCly 3BT, MBS v b, UQ T v F#IC NADPH-UQ Reductase j&f%(d
SERNIBIFD 50% BEE THREBICBET LA, £/, MBESY bEUQTY b
R TEEDERLZEBDOShE L o7,

#HB2E NADPH-UQ Reductase & IC D THEET L =#5R (& Fig. 32B (IR
L7, UQ Z v FDORF#EERE NADPH-UQ Re.ductase Al RSy hett
HULERBICE. ZOE%IE, SBLAEBTR&<TLER 4 b >/ Fig. 27 &
Fig. 32B), —#. CCly BTk, ¥BES v b, UQ Ty MRICHERE
NADPH-UQ Reductase &N 4 BUIEEFD 40 ~50% 5L ETHEEICETL 7=,
L2l UQ Ty bDEKER. & BHBEFY PO 15EOEEER-> TV
ZENBH SN,

(5) CCly #51C & 3 5Tl UQ FIIEAE B OEE & UQ-10 BiEENDLIE

UQ-10 #5113, HHIEHEMIEESD UQ-9 EE L UQH,-9 BEICIIE K FEY
T.1UQ-10E8& UQH-10 BB DA % 2.8~6.4 185 % /- Fig. 26 BR) #*, &
DIREEICIH L . ERVIBUE L ASFEL & - /- (Table 27 & Table 29), —7A.
CCly 0B (3. MEEES w PSS LTFUQ T v FOBHEMIESD UQH,-9 B LU
UQH,-10 EENHEE LB L. ThICEIETHROFEBLET 25|22 L L
(Table 28 & 30), LA L. tUQ-9 L tUQ-10 B BICIR LA HEE 5L T,
CCly SLEBIZ & - T UQH2-9 3 & U° UQHL-10 M UQ-9 & UTUQ-10 N DEREH
EBI-o>TW3ZEERLE, b, CClLAELAUQ T v b UQ AEEDET
G, HBHT Y FEHEL, FRICEEER>TVWB I LV B 5N (Table
28 & 30),
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Table 27
Distribution of Ubiquinone and Ubiquinol Homologues in Control Rat Livers

Intracellular UQ-9 Contents Redox Ratios UQ-10 Contents Redox Ratios
Fractions (ng/mg protein) oftuQ-9» (ng/mg protein) of tUQ-10b)
tuQa UQH, (%) tuQa UQH, (%)
Homogenate 347+35 342+32 97+5 34.9£3.8 30.7:2.4 89+12

Nuclei & Celt Debris 44628 356x38 809  33.5+5.0 27.3+3.9 8017

Mitochondria 1,620+240 1,100x£65 64+5 214225 139+16 65+6
Crude Lysosomes 696x75 444+25 64+6 104+8 62+3 60+6
Crude Microsomes 13917 80+11 5815 25.0+3.5 14.5:+3.5 58+9
Cytosol 13.1x2.2 9.2+1.2 7111 2.6+0.7 1.9£0.1 7417

The values are the means = SD of four rats.
8 The sum of oxidized and reduced forms of UQ of each of the homologues.
b (UQH,tUQ) x 100.

Table 28
Distribution of Ubiquinone and Ubiquinol Homologues in Contro! Rat Livers Treated with CClg

Intracellutar UQ-9 Contents Redox Ratios UQ-10 Contents Redox Ratios
Fractions (ng/mg protein) oftuQ-g P (ng/mg protein) oftuQ-10"%
tuQa UQH, (%) Qa UQH, (%)
Homogenate 344120 171236 ¢ 509§ 35.1:0.8 16.2:3.8¢% 462111
Nuclei & Cell Debris ~ 462:36 137275 28278  40.446.8 12.0e1.6% 31281
Mitochondria 1,620+100 630x1108§ 3951 218x19 83x20t 42=10*
Crude Lysosomes 638+32 254436 § 4051 1037 32+8% 31+8¢
Crude Microsomes 146132 26x11% 18:58%  26.0:7.9 4.8+3.0* 22+19*
Cytosol 16.6+1.7 6.3x1.0* 39:5* 3.0+0.5 1.1:0.4 * 36+11*

The values are the means = SD of three rats.

a) The sum of oxidized and reduced forms of UQ of each of the homologues.

b (UQHtUQ) x 100.

* 14§ gignificant differences at levels of P<0.05, P<0.01, P<0.005 and P<0.001 respectively,
compaired with control rats (in Table 27) using Student's unpaired ttest.
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Table 29
Distribution of Ubiquinone and Ubiquinol Homologues in UQ-10 Supplemented Rat Livers

Intracellular UQ-9 Contents Redox Ratios UQ-10 Contents Redox Ratios
Fractions {(ng/mg protein) oftuQ-gb . (ng/mg protein) oftuQ-10 D)
tuQa UQH3 (%) tuQa UQHz (%)
Homogenate 328x34 313236 95+3 155+33% 135231 % 87x3
‘Nuclei& Cell Debris 441468  392:70  89=4  21629%  182:30% 8416
Mitochondria 1,7802430 1,120+225 64+12 1,250+430% 830x270% 6615
Crude Lysosomes 704+100 453153 65212 610:70% 3651598 6024
Crude Microsomes 14022 8420 60x6 88.3+27.7% 49.9+20.3% 5618
Cytosol 17.5+6.9 11.513.7 68x14 7.4:21% 5.6+2.3% 72+13

The values are the means = SD of four rats.

a) The sum of oxidized and reduced forms of UQ of each of the homologues.

b) (UQHtUQ) x 100.

$ Significant differences at level of P<0.001 compaired with control rats (in Table 27) using Student's
unpaired ttest.

Table 30
Distribution of Ubiquinone and Ubiquinol Homologues in UQ-10 Supplemented Rat Livers
Treated with CClg4

Intracellular UQ-9 Contents Redox Ratios UQ-10 Contents Redox Ratios
Fractions (ng/mg protein) of tUQ-9 b (ng/mg protein) of tUQ-10P)
tuQa) UQH, (%) tuQa) UQH, (%)
Homogenate 32095 191222 ¢ 69:10%I  193:70%  124:9% 70211 *Hl
'NUClei & Cell Debris ~ 462:36 17422081 3847 81 216298 109223 *8 5048 &
Mitochondria 1,810+220 900+135 1 504 1l 1,110+110% 640+100 % 574 11
Crude Lysosomes 736129 403651 553 # 663+115% 352:34 % 54161
Crude Microsomes 148134 54+16 1 39+16*1 96.9:30.8% 40.5:20.6% 42171
Cytosol 16.5+3.3 8.4:1.4 52:11 7.5+1.2% 3.0+0.6 % 40+10t

The values are the means x SD of four rats.

a) The sum of oxidized and reduced forms of UQ of each of the homologues.

b} (UQHtUQ) x 100.

*1.+% Significant differences at levels of P<0.05, P<0.01, P<0.005 and P<0.001 respectively,
compaired with UQ-10 supplemented rats (in Table 29) using Student's unpaired ttest.

1. #3$ Significant differences at levels of P<0.05, P<0.01, P<0.005 and P<0.001 respectively,
compaired with control rats treated with CCl, (in Table 28) using Student's unpaired ttest.
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B=E ERBIUNE
£ =

BEIhZUQ Y. ERRTHBEERERRT 3200, UQH, ANEETE L
flf% 5 &L, Reahal & Wrigglesworth*V (2, 5 v MI#RE LA UQ A, UQH, & L
THRAICER T3 2 L #8& L. Takada & Watanabe Vb EIL £y FEBHO TR
DZEEHEBELTVS, EEORKRS UQ-10DERABREN, Ty NIFRAD
UQH2-10 BB £ tUQ-10 EEMDEM 25| ZEB T L 278 L/, LA H. UQ-10D
BTG, BE—EICHFAANE, £/ UQ-10 #B51k. FRROMBOES> FHEE1L
MESE CHBEBREEIC WS B L5 29, IT#HEZE NADPH-UQ Reductase
EEERRICLEASE A, BETHIE, UQ-108BE55 v b UQ 5 v 1) &, FFIBRIC
H113 UQH, D HER{E{ER L #I3E NADPH-UQ Reductase DX & #1514 3 L T
HTHBEEFNTHSZ EFHBALLE, |

CCl RIBIIFFREFHFREL. LhrH, ThICHIFRAREEENER 25| &2
L7, TBARS D&HIZ. T LTI IOV —LBATEZ Y. CCly 42 DEH HH
9 % NADPH-cytochrome Reductase IC &), RISHEDE L «CClg ¥ CCIg00- A &
KRS h 7%, BEEARLERGESIZRITEVWIHRE YO -8 L, CCl, FHAT
KiE.UQ Ty MEBWTHRICER I W, Thbb, UQHRSIE. CCly FERTRIC
#5MIE GOT LU GPTO LA, FFESHEM. & UIFREBLEEER E2ERIC
L 7=

KEEMBILNEEENEEER S L. COlL, NBURITA GSHEEH LU
Ascorbate EB ZHBICET S €74, LA L. WIEEOBREROEIMNERS hith 7,
CCly 54 L 7= -CClg it GSH EBRSICT U HILM A GS-CCly) 2T 3 &
MESh T3 Y19 )T GSH SBNDETH GSSG DIEMEFEDLEVDR, 5
DNEEEDEREBRLTWVWE3HDERbN B, CCl MHEIZCL S GSHEEX
Ascorbate EE2ND{ET 3. UQ BTG TR E<MiEEhhh o/, 2D EE. UQH,
FEE LU THROBEBREESY. Tohb5REMIBEL. KEUSER TIEES LB
HEBWRBEWVWZIEERLTWVWBEEIICEDNLS,

CCly #L32 (3. % /-, Glutathione Reductase i&MX> Glutathione Peroxidase &4
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ICHEBE5 A7 IS, Glutathione S-transferase SEM #E T & ¥ /=, REDKER L.
Danni 5 05y b HBFAREZA VAR THED Sh T3, CCl, WIBICL 3
Glutathione S-transferase JEMDE T . UQ S v FTCREBEEICHE & h &,
Glutathione S-transferase (34 (AINAEEMAED— DT % 3 Glutathione 18 & A ¥
SERTHY 1%, LH$ Glutathione Peroxidase SEMHH T3 T EFHE I TS
1%6), L L& 5, FFBA O Glutathione S-transferase NDEBETH3 GSH 2B X
Glutathione Reductase /&£ (3. MBEHEZY P& UQ Ty MEITEN BV EH S,
UQ 5 v bD CCly FEBIFRICHLTEWVWERMEEE DO . UQ-10 BE&EICL S
Glutathione S-transferase BEE TOMEINF ERE THS LEEZICC W, F /U5
TEEREME T, #ME2E NADPH-UQ Reductase &N #4° CCly MIBICL > TIERTF L
o el ZOETRUQ 7y FTHEBICHE S hAE, CZTEEBTARZIE.
NADPH-UQ Reductase &2 T R E % — b THIE S h RIS 12, UQ-10 ATALIE
LEFBEMRIBOOSNED /22 ETHB, I PICRUTEBELED MIELHK
D UQETEMEICEN BVDIC, UQ-10 &RiRE LT v T CCly BHEICHT 3K
MNP LI LR £WH LSBT T, MIE NADPH-UQ Reductase #, #if24{k
DUQBTIKAECEMLTVWB L ERETEE5CBbNS,
BUNBREMETE. 2 TOMBES O UQ-9 & LU UQ-10 DETH

CCI  ALEBICLVET LA, CORTIRUQ Sy FCHEICHEHI ZhE, ZhsDER
(FUQ-10 5 ICK WIS L7z UQHS-10 &, HiBMEIERE2RBULARRTH 38D
h3, £/, FFEA® a-Tocopherol E&% CCly MBIC L WETL =8, CHETH
FLUQZy FTHEBIIMH S M, Ihid. UQH, DESEHE T a-Tocopherol A Ef
ehic&EEZ2503H, %7/, a-Tocopheroxyl Radical DE 4 UQH, ¥ L TL
532 EHEZ 503, Matsura 583 S5 N HEITMEIEE AV AR T, MR
UQH, RE&E " a-Tocopherol & HEEAT 2 2 &4 LICEEMICIEEERLRIC %
RRLET 5 & #FERBL T3, £7-. a-Tocopherol i, IEZFERICELC BB H
WEHBHETB I EIKLEY ., ZhBEEWE oTocopheroxyl Radical, & 5 (Z
a-Tocoquinone N &BR{EZX h3 A, UQH, Al%E{kIE 2 a-Tocopheroxyl Radical %
B U o-Tocopherol NBITL T3 2 & CRIEMICIEEARILRISEHLET 328 S in
vitro TEB% 5 h TL\ 3 (Fig.19) 23031

SHOKRE LY . UQ-10 DETRES (3. HBLER%EE T 3FMR UQH,-10 &
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ENEMEMITE NADPH-UQ Reductase FENDA % LR EE B 2 EHHBAL 1=,
CCly MIBIC £ 3 UQH, RN ETLEDME TR, UQ S5y FTEEICHISIZ N, L
NH. FARFIC, CCly FEIEEBMERICICL I ZEBET M TILrBH SN 1,
ChEoNMEEEERT S L. UQ-10 #5135 UQH,-10 7'—JL £ #IF9E NADPH-UQ
Reductase ‘&M% LA I, COZENCClL ICEB3 ST HIIMRIFR R L 1= & DFE
AR EC LIRS, '

(1)

(2)

(3)

(4)

iR ¥E

UQ-10 DEER RIS IE . v MIBROES FREBILHESE PHRBEERSH
ICHEBESZFI1C. UQH-10 $ LU tUQ-10 BN INE . #E2E NADPH-UQ
Reductase ‘BEND LA 2 H X, FFBRAD UQ ExREEBMILT 3 L 2B L1,
UQ-10 DIERAHR S X, CCly MBICLBFFRE. ZhICHESFEA TBARS 52
DEMBELVI IOV —-LIERNTBARS EENEMEHEICMEI L 7=,

CCly 2321 FHRAZABERBEME 2 DOET & Glutathione S-transferase &
HDETESERI LN ONBIEEBEIRHCSHEESELLD 7,
UQ-10 DIEREARS . CCly MBI & BFFBAK SR BILMBESENET:
1k, Glutathione S-transferase FEMHNE TO A HEBICHEIL =, LA LK
» 5 . Glutathione S-transferase DX & & 5 GSH €8 % Glutathione
Reductase &%, UQ-10 DIFEAKRSOEFETENI ZWVWI EH S, UQ-10 DJE
AR5 IC & B Glutathione S-transferase SEEE T ORFLEA . UQ-10 DiSiRAE
52L& 3 CCl FEIBHAMERISMGIOREZEN L ER TRV EHE S hi, 2h
S5OBRN S, UQ-10 #5124 3 CCl, AEBISEBMERICORELEIC. FEROH
M{EEREPKEMEMBRIEMEIRER L TOE W EXRIRE Nz,

FHEE O S BBE S D UQ-9 H & U UQ-10 MBITEEERD CCly MIBIC & BE T,
UQ-10 2Ri#5 L 7=5y FTHEERICHEIZ hiz, & 52, FFERN o-Tocopherol
BEOETHUQ-10 285 LTy b THBICHEIZ WA, ThODEREN S,
UQ-10 DIERRAR S L. FFEiEE NADPH-UQ Reductase % 5EME(ET 3 & 2,
UQH,-10 EE#1BME £, BRE LT, DML 7= UQH, BIFEAI EIZIIC.
H 3 VIR ORE UlsBEEIRICTEE T 3 a-Tocopherol DFHEE £ L TRIEAOIC
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BtE B8 &

I hACRYTHUQ DERBERE LTI, invitro DRET &Y . TIL U RS 8 8
fapg 18 TEFmER L L TEI< 2 &, Phospholipase SLERIC3¢ 4 3 IE DR 17,
IRAEMEICH T I HE OLENREEIN TS, & 510, BRTEO UQH, 1. 4328
RETTHEVCIREBMEERERBEL 33205 | SEARBENEL LTHEHWT
W3 ATREME 19-2932139) pempp X h TN B, LA LEN S, I RaACRUTLNDELT
DFANFZZHNUQ 2ECEPY TEL, UQEARRE THEOERMUAM £ RAT
SRS LBEEIBOSATOE L, HE, Aberg 5 ' X Reahal & Wrigglesworth
MW Ty MEKRRICTETET 3 UQ O—85°, SBTEO UQH, & LTHEETS
EPBEE NIz, Tl B MPBMICHE I L UQ . 202 LY DBSHSRTED
UQHoNETBT B ENBOOATWVE, LAEF>T. I bILRYT74UQ D
UQHp OR TEFIRDIBERBRLICH U TRBEREFIE LTEB< T35, 8BMEr H
BE5ICBbIB, 22T, 3 FALRYTHUQ DERARRBO—EE LT, Sy
MERIPHIZNO UQH, RIEFEEL 5 IS UQ EXEREMON G 5 AN, 20
TR, MAIEICHIRD NADPH-UQ Reductase DEEERH L. Ch &EHEBLEER
UQ ETTRIEFARMBRILR E L TEELREIZEC TWBZ LS MICLE,

ZEEDRETIR. v MEARICKE., EUQRKEDUQ-9 DML, Z0OH L7 11
~52% 2D tUQ-10 PHFEEL L, LHrH, Th5tUQ-9 & tUQ-10 DBTHE X, B
WICIRIFRALULANLTHY . FFEPMBICE VT 70~80%. L. B, BEICH
WTH10~30% ICDIRBZ L 2B, ZZTETHENSVIFHEEVER AL
T, BHEBOMBESICH TS UQ REEDSHE. ZOBTHRICOVWTHARAE D
5. UQAEEEI b2 FUTLSMC G H SO MIRES ICTETEL. Larb, EDOM
RESTH., ZORTHRGBBEEOETHEL FIZELVW L EBH -,

SHERICHEETI UQETERE LTI, I Fa> FY 7K 0 NADH
Dehydrogenase ¥ & U Succinate Dehydrogenase # 15 hTW3 79, LA LED S,
ChoEDUQETERE. I PRV TREICEETIBETHY . SEEE T/t
DFPENMCFET I UQ 2EEETT S EWEEZIN WV, LEF>T, I FaLKY
7RIS OMRES A UQ R O—E £BES h ¥ v UQH, A&l & L TEERIC
FREFTAHICE. S P RUTZRSMIB UQ 28T - M T3S P OBBEBHIEET S
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BETHBLERE, 22T, ZOFLEDE, BUBTHED UQ FEEEET 3
Zy FIFRBICOWT, UQ BEXEEDOKRRET ALEZH . FFREI X — bIC
NADPH & %\ Md NADH 2 FHEF T2V UQ-10 EcBEEEEBOH -, 2D
UQ-10EcBEREME . EFH5EE LT NADH &) NADPH AW BN A 1< |
BASPICI b Y PHREBREGRY 55%?%&'(% o7z, 2T, EFHEHNL
U T NADPH ZH /=830 UQ-10 :&TiE Y NADPH-UQ Reductase j&E) # 181ZIC,
AH#fRZE 4 NADPH-UQ Reductase MDA HE AN 25, MIEEICE WS
£ NADPH-UQ Reductase #EB&® 5h i, L b H. Z DES D NADPH-UQ
Reductase j&tEld . FFEEDEENK 68% # D=2 &5, MBREDEBETHDZ 2
EEREBL A,

EZAT. 7y MTEREICEENOX / & cl#E s LT DT-diaphorase #7F
FET 3 809897) | i DT-diaphorase 14 UQ-10 £ BT T3 L DHEH 53 8, 22
T. M2 EICE3 ® 7= NADPH-UQ Reductase #'. DT-diaphorase ER— TH 3 » &
PRRET L 720, BRT 2 EFHEAEDEL., Stimulator ¥ Inhibitor (CX T3 ¥ B R
EEDENGE ED 5, DT-diaphorase & B HFBIRICRA B L2 MEB L, LD
mB¥REME S Cibacron Blue-binding Agarose Gel Chromatography (& V) 524 (- 4 B
Eh3Z&h 5, NADPH-UQ Reductase (& DT-diaphorase & d BEWCRE - 7-8EE
BOETHI Db otz TSI, MMOMBRESCHFETSZEPEIBIATVS
¥/ UBRTHEDRADAIREML I L2, ChETHEIATVWIELNDX/ VB
TelEsE BM87NS09N9N95) (4 Stimulator *° Inhibitor (3T 3 HEINRE B Z LD 5,
EEPHBREICRHE U /- NADPH-UQ Reductase (3. ChETICHESI hi, EDF
JORTEMELELRES . FROUQETERTH S 2 EHREL -,

7 v ~IT#IRE B NADPH-UQ Reductase (3 TARKE T. BENE 2 ABHIC
BRILTWEWES, PEHEZOMBEEAVT. ZOEMEEEMASH»ICL L,
NADPH-UQ Reductase (ZE pH 15 7.4, Z8E i NADPH 2Btk s L T
WW=BRE 37 CfE. NADH 287t 5k & U 8512 28 CRhETH o /=, /. BF
HEFEHFFELEVE 20 CULLDBE TEPHICKRET 25HMUBETH -, T/
#Hi2 E NADPH-UQ Reductase &, D Z< D ¥/ VBTBRNI ZI TH3 18 &L S,
J7ECHBRTH S IEPRRE N, SHICEFHSEORKRE LY. NADPH-UQ
Reductase (&, MEBEICEVETHEE NADPH/NADP*=71.4) T727£¢ % 192 NADPH
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ERORVWEFHENE TS NADPH REMEDOBRTHI 2 &, £/ BFESRHEDE
&Y. Ty MOEUQRIKFETHZ UQ-9 FROHRVWEEETEZ E2BESNIC LT,
& 512, Kinetic Parameter M#&&t & v) . NADPH-UQ Reductase @ NADPH & UQ-9
237 % Ky 1B (K for NADPH=14.41+2.5 1 M, K, for UQ-9=2.66+0.48 M) (2 . #H
F2E D NADPHIBE @7.1£13 4 M 199) fFigch o) UQ-9 JBE (13243 M) L V) +4H
MEWZ e S, EHERBETAREN UQ REEDEBT#TIDICHEEISEL &4 %
HATCWIERTHIIEFBEOSNICE 5T,

& ZAT. NADPH-UQ Reductase (3% / VBB ETHII/IH. 1 SFETEE
THIDP2ETERBEBECHINPPEELMBILLE-TL 3, SADERTIE.
UQ-10, 1mol MIZTIC3 L. 1mol O NADPH OB{ENEBH S h 32 &, &51(C
UQ-10 B iCf¥E -7 O OELAIFBOHOIAEVWZELS, Ty FFHBRE
NADPH-UQ Reductase (Z& 3 UQ MiETTid. 2B FEcETH B LIS N/, 1
BFRETEBRICLIX/ ALEMDOET TR EIF /ST PERTIN. 2D+
X/ T THIVBIFRMERGT., BIEETY A VLW AE L EHEER 4R L.
LIEUVIEER L MIREE 25 R TAREMNDH 3 Z RIS h T L3 B384 | fp 5
C. NADPH-UQ Reductase "2 EFETHBRE THIZ L. NBBILIEE%2ET 3
UQH, DERREWVWI S EDME, I X/ 25T HIDERICHE D EMBMRERBOLER £ B
CEVWIEBKRTH, BHOTEENMERS>STWBLIICEDN S,

EFERICHEET I UQ . ZOISEMEN 0, ZICAEEERICHEETS, Ly
C. NADPH-UQ Reductase 4R UQ ETODEERTH 2 T34 51E. [BEEAR
FET 3 UQRKGERTTIRENP VAL LS, ZIT. ZORICDODVWTHE LA E
C 5. #B2E NADPH-UQ Reductase (&, NADPH OFE#ET. YURY — LEG O
UQ-10 2 T4H K. I 70V —-LERAOREMHUQ-9 BT TE L EEB DL, 2
hoDBRELY ., BHMRES OEEEFICEET 3 UQ REEY. EOBEMCHVTSH
FIE—EDETHETHEIATVIDWE., % 5O03MIAES (FILHZF)IELTL
% MfaE D NADPH-UQ Reductase 7. Zh 5 EEBEH D UQ RIEHEETT 2 -
HDTHBIENWREE N, 22T, v bOBHEBPOUQ-9 DBETEERE . 20
#OHEL E NADPH-UQ Reductase &4 & DREE AN &2 5. WEOREICEDIE
REERERIEOh 7z, COFER G, MMI2E NADPH-UQ Reductase 7°. % 5 W 2 MlaE
POBERICFETZ UQ OFRTICH LT, hDARE 2B TWI ENEZETEL
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7=

1966 £E, Mellors & Tappel '?(C & V) UQH, D BREIEE P 8&E S hTLIE, in
vitro 2072931 X jn vijvo 32+39) (= 5 T UQH, AHERILIEREE T3 W Y &I/ BB
{HEEhTW3, LH»H UQH, I, a-Tocopherol ICILE Y 3 & SRV B L E ]
L2902N28) 4 1Y T+ AMUVHBMELER 2R BT 32 L b BB I h TV 3 2,
UQH; (&, a-Tocopherol & Etk. IEEBRICEFE TSI LIC&Y ., 22 TEULEEE
FTHI(BBNREEENILFXRYSTAI) EEETE. WbW3 S5 U HIILEHERISE
1E#) (Chain Braking Antioxidant) & L T < 2 EPHEEBE AT W13 2029 (=45 T,
#B2E NADPH-UQ Reductase (2. IBE AN UQ METEN L TIEE BERLR IS #
MET3ENd | FROEGCAMBIEREBR L TWBZ EPHBZENAE, 22T 2
DRJREMEZERET L 2 & 2 5. #1528 NADPH-UQ Reductase (&. NADPH O7E7ETF.
UQ-10 &% RV — LEERO UQ-10 DBRTEN LT, IBEBICHE L 2 ISEERILR
WeENHE T L 2BOE, AENKERIE. FI 70V —LBICHE L A EEEBRER
BOHBEICHR/ONI, ChOEDERLY., MIBA T . #MIE NADPH-UQ
Reductase IC& 3. IEBEEN UQH, VY17 T WS #Eikh EEAMBRIERHHE
REL T3 Z & P/RIR & W /- Fig. 33),

EFER O UQH, . EHERICECABES S APEENVT XIS HI
EHETBI LKW I UDIEERISEMRIEL, ZhBESE UQH: £33 &£z 5
hd, 20O UQH- » NADPH-UQ Reductase DEE & 42 Hh E I RBED EZ AR
BAT &3 A, UQH- [ LEBEDE P ICKIBPOBME N FICEF £ E L. NADPH-UQ
Reductase DEH L 55 UQNEBIEEh3 & EZ5hTWV3 2, =, UQH, &5
VARV - LRICFHFE L -EEARMLRICICH L. UQH, DEEEE UQ DERE C1E
Lz & B8 UQH, HEREIICT S HIVEHEETIADICER B2 N TES
EF D (Stoichiometric Factor) #* 2 T 3 ICHREH S T, EBMICKH Sh - URY —
LIEAD UQH2-10 O Stoichiometric Factor 8L % 1 TH 3 WS L 592D =
NEZEFIHBTIHNDERDLISB,

in vitro TO UQHy DIBBILAERIC D W TIEHS < DIRE 192903 e g 2 | 2
PR, VRV-LEBEXFI I/ OV -LBICHEEL EEEBRILRICY. UQBTHRD
FETICHFIZhZ EVWIBRH, ThoNRELEFIEHDTHo7=, LHLED
5. 2O & 2 &#k2 8 NADPH-UQ Reductase IZ & 24 (K18 UQ BcHRd. EBEIC in
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I Biomembranes I

OH
3 CH,0 N NADP
.\':g H Hé’
. . Ubiquinoi-n
" L ,1;?0 m ( NADPH-UQ Reductase l
a-Tocopheroxyl
P~ Radical o)
CH30 A CHs NADPH +H*
()= LH, LoOH 3 o5
% or .
% a-Tocopherol Ubiquinone-n 2
% 0. 0,
3 CH30 H3
CH,O
H' CHY

1 Ubisemiquinone-n I

Fig.33 Possible Mechanism of Ubiquinol Recycling in Biomembranes

LH, Phospholipids containing unsaturated fatty acids; L-, lipid radicals;
LOOH, lipid peroxides; LOO-, lipid peroxyl radicals

vivo CHREBET B3R E DD RBBAS A TE W, 22T, UQBEICL > THEKUQH, 7—
WEHRKLUZBMEERL T, UQETRP T v MERRTHEEEL TUL 3 »#8ETL 7,
UQ-10 o513, MEBARELS FREBIEVESEXHBILEE ST,

DT-diaphorase iEHICH B2 5 27, tUQ-10 EENHE ML MIZE NADPH-UQ
Reductase ‘EENDA D EH &/, L H,. tUQ-10 EEDHEMIEZ. T& LT
UQH2- 10 EBDEMTH o1, ZHRERLY, UQ-10 £HE LSy ME, £HRT
D UQ DIMERL/ER Y. #I2E NADPH-UQ Reductase IC &3 UQRTRD in vivo T
DEBENERETILTHBEICEREET VR THIZEHHBALE, 22T UQES
7 CCl4 IC & BIEE BEMERIS E - 1R EZERT 5 £V D in vivo T DR 92392
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EIJ&. #I2E NADPH-UQ Reductase IC& 3 UQETRH. T v KK THEEE
TWBHEIL%Z. UQ-108EET v FERVWTIRET L 1=,

ChETICHE ShALHIC% UQ-10 DEE SR, CCl, FEIFREERIC
WHE L 7o (M5 GOT iEtE, GPTEMED LA P HEEEDEMOME]), 512, Zhic
# FFARBEIEE NERLERICHG L, CCl, REBIR. KBHES)FREBRILNE
ZEDKTEEWZY, COETIE. UQ-10 DEIREICLUBIEE hEh o, /.
Glutathione S-transferase &£ & KT L 74", Z DEHETRUQ-10 DRFIESICE Y
M xhiz, ULHLEH S, Glutathione S-transferase NDEBEE £ 35 GSHEEX
Glutathione Reductase JEEICENRRS ShE WS EH 5, UQ-10 DRTFEREICE - T
Glutathione S-transferase ;EMEDE THBIIEE W/ & LTH, CCl, FEEEEMLR
ICENSI T3 EZMNEFERTERVEHER S hiz, —H. CCly MIBICL S UQH,-9 X
a-Tocopherol % 8@555’&"&%@&%?’%%@5&9(& UQ-10 2815 L A=5 v FT R

BICHHIEhi, ¥7-. #B2E NADPH-UQ Reductase i&f(x. CCly ALIBIC & WK
FULAED, UQ-10 28115 L=y TR BTRZNEFEELLLE P o7, invitro
DIRETT. UQHg (&, MBEBILER ORER L U /= a-Tocopheroxyl Radical #. H U
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