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2% ) — ) (CoQiH: = 2,3-dimethoxy-5-methyl-1,4-hydroquinone) @ B BiB LG &,
ZEF )Y (CoQo= 2,3-dimethoxy-5-methyl-1,4-quinone) & iB#{L/ASR (H:0:) DERER
BELLCHATE, SEEOCERBE FilE) 0>b. vV Hv -l - O 3IEHADOER
Ravx ) — VOB ERELEL, RECIITONEL Mok, SLERENFELR
VWREECATBEOF L — FEIOHRETRD L. TR ETNEBRILRIS 2 W6 L7z, FFIZ
DTPA (diethylénetriaminepentaacetic acid) IZMIBIZNR BRIV &b, KITICHWEY &~
BB EIH T OME DA VB BLIZEELTWD Z L RTFRENTS

Kz s ) —ABILRSICEIT S SOD (R—1—FFV RF 4 X7 —E) OFHR
% ~7z, SOD (CuZn-SOD ¥ L% Mn-SOD) 13, DTPA DFHE T, =%/ & HO:
DEREY AECHES &, 28X —VORBLRIEEZAH T2 Z L BRAL NI 0T
SOD &, 20y +2H" — HO:+ 0:) ZBRIEEMBEL, FRE LTR— —F XV F

(0r) #WETHHRTHS, LN TABHAETRNWEZ S L7 SOD 2 X5 HO: £
OMEWERAIZ ERORIEREFBELTVBEICRAD, LArL, O BSESFHE AL LT
BET 2 TROL > REHENBLEREERET S L. ERERVICHAATE LI LN
LT TR 0T, |

CoQH. + O - CoQo (semiquinone radical) + H:0:
CoQr + O - CoQs + Of

SR N OBLRIE R RET B, <L H . HARLDOIRIAMTED bRBET
SOD D&M T HFET 2 b D Th D, BT, FAEEY D Fe-SOD 13 HIBKIZ B ) 4 A 135
ELTHbELR MALLBELELON TR, §14>% SOD W THAT 5 2
Lid. aeR ) A oBbENHT S ECIEOBE R LTV TN D, FILEE
MO I b=y FY 7I21E Mo-SOD 237 7E L, MMEICIE CuZn-SOD BFEEL TV 2,
abE%/—AbI bay RY 7 LMREOMAFICHFEL TRV, Ma-SOD & CuZn-SOD O
WERBA, 2 EX ) — A OBLRIEE RBICHE Lic 2 LA CEBORERH B
LEBRLTNS, |
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1. BB/

SOD (R—=—=F XV RF 4 ZAAF—¥) X, 120, +2H — H:0:.+ 0:) 2BRIE%
fREE L, BRELTRA——FFT R (07) 2 EETEIHETH S,

BT TEHEERY 7=/ —VO—HBTHDENT X OBIL L THIZHE D BB AR
(H:0.) DA% SOD 3l 42 Z L2 ME Lz, © SODIT & % H.0: A% o #H V£
BEROKERE —RFELTVWDLIICARXB, O PNEYHEAE L LTEET 558
MBRIERS2BET 2 L. BENICMRT LN TE 5, _

LIATAEX ) —VIIFKAEY (S HIZEBRAEHIZBVWTIEI har RIYT) KHFE
TEEFHEERO—RATHY ., BTN FIZHFFET B LDL (low density lipoprotein)
DEBALZMBEIT20E (MBEDE) L LTOLERBSATWS, 2%/ — L HKITEL
EEFRTL HAL 28X ) - VOBIERISIZBW TS, 17X 0BIERIEDEE
LFER/2 SOD DIZ X 2 MBMRRH D Z L2 FHERTRWVWE L, & 512 SOD DHHE
BIRTARR L — MYEOREEZITLT VI LIZbRAN OV, 2 CAMZRERIE M=
EX ) —DarF ) UADBIEREE ZNnIZE b2 ) B0 DAERKKG] 28T 5 SOD
LIRTNVOBEENREALNIZTHZ L 2EME LT,

2. WG

2. 1 abEx)— Lo

X =M —REYIC Fig. 1 D L 5 2i&EE LTV, AR T n=0 TH 5 K&
PED CoQoH: & n=2 TH B JREEHED CoQH: # AV iz, ZHOY > A NI LB VIRLE
BOBRZIDHELE LT CoQH: & AV iz, —F. CoQH: XA GERD 2 X ) — L JEHE
MTHDZLNOEBOBERTHV,

2. 1. 1 CoQdH. DA

CoQo (2,3-dimethoxy-5-methyl-1,4-quinone) K&K IZ NaBH AKIBEE 2 M0 2, BREGIC X
D CoQH: ZFHB L7z, HEZMX TR O NaBH 2 HE L, ZOFEHEAKEE CART
R LTz,

2. 1. 2 CoQ:H. DR

CoQ:DAF ) —VEHKICNaBH: DA ¥ ) —VRIEEMAZ, BERIGEIToT0, VT F
WT =T N EFBRE AT NaBHe & 589 5 & RIFFIZ, CoQH: # T —F Vil Lz, &
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RARCEIV T =TV ERELZHE, AF )=V EMZT CoQH: DAY ) —VIEKE L
7o |
2. 2 B

2. 2. 1 CoQH B{LEDHE

50 pM @ CoQoH: A (GEHEIX 10 mM, pH 7.2 DV U EEEIRICAR L= b 0) % 37°C
TIRMA v FaX—hL72#E, £R LK CoQ & Z DR KREINER (268 nm) DR B
NHEE L,

2. 2. 2 CoQH:B{LEDHEIE

50 uM @ CoQ:H ¥R GBREIIA Y /) — % ET 50 mM, pH 7.4 ® V VBRI EKIZ 7 R
LIicb®) 37 CTAREMA U Fa_X—hLk, #*F/)—ALTHRRL, Z22WEFENS
CoQ:H: & CoQ: PE % HPLC TEE L7,

2. 2. 3 H0.DRIE

&&= BE T 74 pg/ml D p-hydroxyphenylacetic acid (HPA) & 20 pg/ml @ HRP % & ip.
100 mM pH 8.5 Tris HEFEER 5 ml 12, HFAE D 5 A (Sep-Pak C18) B L-a b % )
—NVOBALRS R % 025 ml N X Tz, 37°CTIS A v Fa— ML, RHEEE
317 nm, FEHE 410 nm OHELBRELZAE L. RERD»D HOBEZ KD,

3. WrIERER

(AP FFIZZEDDLRWVWIRY 2% ) — i CoQH: &, 2B %/ 21T CoQo 2R3 =
LT D, o, ERITAETITV., TOEEREL VS 7HIFELz,)

3.1 =2buvH®/)—VBERIECBLETAREL &BEORE

3. 1. 1 RiEORE

50 M D2 EF ) —)VEEHE 37TCT1RMA Y2~ LERICERT 2%
VEIZHTORBEONRE R4 RBECTHAL (Fig. 2), TORER. BEIIaE X)) —
DBILIZIEE A EREBERIZS RV ERALNI o,

3. 1. 2 &BHEORE

8D ERE (10 uM) OWMMEE R/ & 2 A, MnSO: & FeSOq 12 BR{LIRHE L) B
NBRO LN (Fig. 3), MOEREIZE L TCITD LI RIEN LD oT, FEED
ROV ICHEBRBEZAVWTRROEREIToTH, o< ALERAXR N (F—213
BME) . WITS500 M AT O« RBETABBEOEBEOYDE LR (Fig. 4). Z D
BEHEFHIZ 3 Ty MoSO« DB AT R ERFMNIC2 B X /) — VORISR Lz,
FeSO« DHZAIT 10 pM D & & L K720 B LREMENBD b2 D o7z, CuSOs DIFAIE
BRALREN R R R HAL. 500 M £V & 100 nM DD FNE Ld o, ZITE B
100 aM L FIZOWT H RN & 2 A (Fig. 5). &2 TIXEBERENICBRLZ{RE LT,
ZnSO:« D A1 Fig. 4 TR LICREGEIZ W T HBLIRED RIT 20 5 7,
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Fig. 6 Effects of chelators on CoQq and H;O, formation

-254-




3. 1. 3 FL— LAl

U UBBREIR FICIIER A A EIILD E LTEAREBRA ATV RIBEIZEER TV 5,
bLZIDEIRERAA VB2 EX ) —VOBLEGIZEE LTV L3 iLd, €8x L
— FHOBRMPDRERT 5T THD, LTI TABHEAOX V- MIZANT, 2%/
L HO: DERBICHT 2HRETASE (Fig. 6),

(R DEEIIZNF . pheno-phenanthroline; NTA nitrilotriacetate;
EDTA:ethylenediaminetetraacetic acid; DTPA:diethylenetriaminepentaacetic acid % /K9, )
Whabrx/) e RO DEREIRLA—F—ThHY, FL— FMEIOHRMIZL Y lE L
HIE T L7, %FIZ EDTA & DTPA OB & ICHILMBIZIRVBEETHY, 2% &
HO: 0DERENIZIZIREL 2ol
3. 2 SOD =t *x ) — VELINHI1EH
3. 2. 1 CuZn-SOD & Mn-SOD D% R _

DTPA DFET. CuZn-SOD T2 F /) > &k HO: DA EZ MG Lz (Fig. 7). 7=
Mn-SOD & RO IMEIZN R 2= Lz (Fig. 7(b)). B THRIEIL L7z MEESR IS IS M 72
ZEiE. SOD DX ) —BILMEERANR T OBRRISICEDZZ LERLT NS, 2
FHROBRCTHEIDRICER RV L2 b, UEOERTII CuZa-SOD 2 V5 Z LT
Lize $lm2b% ) — L LT CoQH: Z AVWTZHZAIZ L RIZD SOD (2 L 2 bl £h &
BRLNTVWDS (F—HITEK),

3. 2. 2 pHODOEE

EBRSM% @ : DTPA & SOD D EhH b LIRMLAWVEA, O : DTPA # ¥ L. SOD
EWMLRWGEA., A :DTPA L SODOELLLIMMNT 2HBEDIBREICH T, Th
TNOFRET, pHZ 690H T4 FETOITHOEXT, 22X/ VOAEREEZR
(Fig. 8)o EDEMHFTH, pHOLF -T2 X ) VOARENER L, i
pH73LLETiX, 3LMBIZRITIEREDENITEAE Do, pH69 b pH 72 %
TDTPA BT % ) —/)LOEZMEI L. SOD OBRMIZoMEIZHIRE S bIZE L
WH DIz LTz,

3. 2. 3 DTPA & FeSO« DIRE S SOD DM R I 5 2 2 &

CuZn-SOD & Mn-SOD 2% DTPA OBFETF T2 X ) —VOBLEME T2 2L 2T T
IR 7233, DTPA O IFFIEF TIL SOD X b2 bk {8 Lz, £ Z T, DTPA
L FeSODTMEEZZTNETNEASIE T, 28X VOAREL TNICHT D SOD DE
WP, £ FeSO. & SOD & MM, DTPA OREZZLE®E LT 5 (Fig 9.
BEKEFOIZZEY ) COAREIRBD L, & 52 DTPA ®IREA 107 M LA LTI
SOD DEIMZ LV 2% )V OAEREN XIS 2 SOD EHRMBIZA L CHA L, SOD D
MEIB RN b, —F. DTPA OREER 10° MU T TH. SOD ORMIZ LY =1
X )UDERENDTRBLHA L, KIZDTPA DBRE% 10° M ICEJE L FeSO: &
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Fig. 7 Effects of SODs in CoQq and H,0, formation in CoQgH, solutions.
CoQgH, solutions were incubated in the presence of DTPA. (a) : Effects of
CuZn-SOD (1 unit/ml) and the heat-inactivated CuZn-SOD. (b): Effects of
Mn-SOD (1 unit/ml) and the heat-inactivated Mn-SOD.

**Significantly different (p<0.01) from the control.

40

Concentration of CoQ, (uM)

6.9 7.0 7.1 7.2 7.3 7.4

Fig. 8 pH dependence of CoQ, formation in CoQgH, solutions.

®, CoQ, concentration in the control solution in the absence of DTPA,
0, CoQ, concentration in the solution containing 10 uM of DTPA;

A, CoQ, concentration in the solution containing 10 uM of DTPA and
CuZn-SOD (1 unit/ml)
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Fig. 9 Dose effects of DTPA on the CoQ, formation
without addition of any FeSO,.
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Fig. 10 Dose effects of FeSO,4 on the CoQ, formation
in the presence of 10° M DTPA
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SEHEOEETHEMLEL L 25 (Fig. 10). FeSO:« ZHML TWaWFA L NJMTQ\
SOD 2 X 2Bt MEI S BNR D b, 10° M Tid, MoMELZ2L, 10°M Tidb TRk
N HBICIREZRENH -1,

4. BE

4. 1 =ZEX—NOBGEE

4. 1. 1 IxIViBET LM

AW 8RBEDIXIND I by 4 - SRICBLBEN RIS R b (Fig. 3.4,
5)e SUTIEIEE (100 nM) THREZTRL, SFRETNLIVBEVBRETCHERH o, L
FeSO« ML ARVWETH, $xL— FEITH % DTPA 2 EOMEIP RN R bl Z &h
B (Fig. 6,8,9), AWV VBBERFPICEEINIMEOEK A LR X /) —VOEE{L
FRELTWVWBEEEZOND (Fig. 11 DXF¥—AD), v T 0Hf0HETHREOR
IEBERDHD LEX DD,

4. 1. 2 RX—=2—FXVFPBEE5ET 3%
me;6:E%/ew@mm%ﬁ%m;DWA%W%@#EMént(mgnuum
EFEHEDIZDIZIL FeSOHEHFET TH —EREL LD DTPA B LERZ &% (Fig. 9).
FeSO. FFAE T CTiE € DREL D DTPA B4 E R T L1 (Fig. 10). RIS FIHFIET D&k
AFvEFTRTHEL—FLEBERIZOARSOD Bt X)) —VoBbEMEI+2 2 & 2R
LTW53, LEN->TZOHAIEFig 11OXF—ADIEHTHELT, AF—A2CDL
IRANZZABTZER ) —ARBITELELbND, T2bbat k) — VTR
FIET 50130, THY ., ZORRAEX ) —ADEIX) U ITVINE HO:HBERT D
(RERE@). RIZEIF )V ITUNNMIBESTFERIEL, 2% L O ERT
5 (RIER@), 20 0EEVORE 3) IkfEbh, BRELTaEx ) — L OEHHR
{bEREAELe, b LI DRERIZSOD BRFET DL, RIER 3) ZMEFT LI &ITLY
EECOREGEHEZE TSR FERE Lo ) —VORBCRIEEZMEIT 2 L1225,
A% —AETRLETVAVEMETTOBILA D =X AZELTIELERADOINS S
2. A% —ACDEDOWFROHE L, BILRELEORXIALTHS, Thbba*
—ABODXIZ, 1HFO2EXR)—NVE1HFOBERGEL, 1H5TF0oEFX )
L1 FOHOBERT D, LIl > TAF—A C L DDEVILEHEFGOEHEGE (Al
#) BEPA A & ODEWVILLEDZLNWIBEZFLTED, MEBHD L Z A THRALE
S0, BERGIZEY HO: 2 4T 5 SOD A, HELLTHODAEREE TS D
WHFELTWAEICRADN, AFXF—L CTCRLEEHRGORGEHEETIED L
Z2NEAEAEFAN DL, DTPA OFFFETFTTSOD e LA EF ) — NV ORR{LE
EERZTRT O, A¥—5 D DORIEHK(6) (ZBWT, SOD IFHEARICT LTI &I
L0 Fe"O®BMIbERET DD LEELLND,
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A. Dismutation of superoxide

20y + 2H+ — Ho02 + Oy (1)
B. The observed overall reaction

CoQoHz + O — CoQp+ H-0s (2)
C. CoQpH; oxidation dﬁven by superoxide anion radical

COQng + 02‘ - COQQ‘ + H202 (3)
CoQy + O — CoQp + Oy (4)
The sum of (3) and (4) is: CoQgH2 + Oz — CoQg+ H202 (2)

D. CoQgH; oxidation driven by transition metal ion

CoQgH2 + Fe3+ — CoQq + Fe2+ + 2H+ (5)

COQo' + 02 - CoQq + O (4)

Fe2++ O, & Fe3+ + Oy (6)

202' + 2H+ — H202 + 02 (1)

The sum of (5), (4) ,(6) and (1) is: CoQoH2 + O2 — CoQg+ H202 (2)

E. CoQgH; oxidation driven by alkaline conditions

CoQgHz + OH- — CoQqH- +H20 (7)

COQQH‘ + 02 = COQo' +02'+ H+ (8)

CoQp + Oz — CoQgp + O (4)

205 + 2H+ — H0o + O5 (M

H,0 — OH- + H+ (9) \

The sum of (7), (8), (4), (1) and (9) is: CoQoHz + O2 — CoQg+ H20, (2)

OH (o1} 0]
HaCO CHy  HsCO CHy  HsCO CH,
HoCO H HaCO H H4CO H
OH O~ 0]
CoQgH, CoQy’ CoQ,
ubiquinol semiquinone radical ubiquinone

Fig. 11 Proposed schemes of CoQgH; oxidation for different mechanisms.
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4. 2 SOD DAEMBHBREIL ZZIZEEND IFX T VOELROER

SOD DE D AW R EEILE B RS bR > TWARY, 7 K2 OBREX
B L KIBE - B MR OATERLHENGFRNEE T CLEE-TLEI Z LR, &
ERKRWTERESN TV, ™ OOFRBLERKEL TV TbHECEDY, The
SHLIRET AEEN NI EGRKIIAAXRTH S Z LT, (H0. TIIRL) 0L E
%ﬁﬁ?éé%ﬁ%ﬁ%b\%@@kﬁﬁﬁﬁﬁ%f%é:&%%wbrwé aEx)
CAETO—oDEMTHY, X)) —VOBLERIZ 0rREET D2 LITVEET
WHRBENTEER, @ KFRIZE VD TLERIZER SN I L2 D,
AHEIZEY, 20X ) —VOBLERICE, v T v, RAREDIXTIAVPEETS
TLRALMIC Ao, TRHDEBIXE VY L ARBET SOD OEWEPLIIFET D H D
THY . BFEEV, ELEICIE Fe-SOD AR MCME P ICE T, £ OEER LB~ T
VK%%@bofmot&énrwéoLtﬁorﬁﬁﬁ%%%$®FHkaE&%%
DANHZXTTHBI k= RUYTHO Mn-SOD O 7 I/ BEINIIHAERH D, 7
. MR ORA FURTRTHES FICL o T, B L%, &BEROE D
DR EDNA X Ik ok Vb TWa 2, ® SOD OF TH CuZn-SOD T D
BEHRORTIIERTHY ., EEMBROMMBRESIZIFEL, Fe-SOD X Mn-SOD & id7 X/
RS HEEE RN, 2%/ — b I hary R T L EREOTA! ZHFEELTRY.,
Mn-SOD & CuZn-SOD OWF I b3, 2 B % ) — VOB R E FRICEE Lz 2 &1
(Fig. 7). MEWCEBORE R HDZLEHTLTWVD,

5. AROBRE

SOD & K48 Lic, KIBH - B - B MBORLEEIC, 2% ) —VORLEEH
BELTWAZLZMERATDHIENLETHD,

72 B AW D — BRI Biosci. Biotech. Biochem., 61, 2034-2038 (1997) 2%k L7z,
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Effects of salts and minerals on SOD inhibition of ubiquinol oxidation
Tsutomu Nakayama, Shigenori Kumazawa

School of Food and Nutritional Sciences, University of Shizuoka

Summary
Ubiquinone (CoQg = 2,3-Dimethoxy-5-methyl-1,4-benzoquinone) and hydrogen peroxide
(H207) were formed in the process of oxidation of ubiquinol (CoQgH; = 2,3-Dimethoxy-5-

methyl-1,4-hydroquinone) in a phosphate buffer. Among eight mineral salts investigated,
FeSO4, MnSO,4 and CuSOy, increased the ubiquinone formation. NaCl had no effect.

Chelators such as DTPA (diethylenetriaminepentaacetic acid) decreased the amount of
ubiquinone and HyO,. This suggests that trace amount of Fe ion in the buffer increased the
ubiquinol oxidation. The amount of HyO, was almost equal to that of CoQy, indicating that
the H,O, formation was coupled with the CoQg formation. Copper-zinc superoxide
dismutase (CuZn-SOD) and manganese superoxide dismutase (Mn-SOD), which accelerate
the dismutation of superoxide (20,- + 2H+ — H,0, + O,), inhibited both the CoQy
formation and the H,O, formation in the presence of DTPA. We propose that CoQgH,
oxidation occurs as a chain reaction with superoxide (O5- ) as the chain carrier and that SOD

inhibits this reaction by lowering the superoxide concentration.

CoQgHz + Oy —  CoQq (semiquinone radical) + HyOo (1)
CoQqp + O» - CoQqp + O2 (2)
The sum of (1) and (2) is: CoQoHo + O — CoQq+ Ho0s

It is interesting that the active sites of SODs consist of the minerals which increased the
ubiquinol oxidation. In animal cells, Mn-SOD is located in the mitochondria, and CuZn-SOD
is located in the cytoplasm. Ubiquinols are also located in both the mitochondria and the
cytoplasm. Similar inhibitory effects of Mn-SOD on the CoQq formation and the HyO,
formation at the same enzymatic activity as in the case of CuZn-SOD imply that these enzymes

have a common antioxidative role in different parts of the cells.
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