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Abstract: Electron leakage rate and respiratory rate were studied with mung bean
mitochondria. Succinate, NADH, «-ketoglutarate, malate and NADH were strongly effective
in supporting mitochondrial respiratory rate and electron leakage rate. The ratio of electron
leakage rate and respiratory rate (Q /O,) were not markedly different when different
substrates were utilized in mung bean mitochondria. Electron leakage rate was promoted
and respiratory rate was inhibited by antimycin-A when succinate, a-ketoglutarate and malate,
not NADH, were oxidized. It seemed that the site of electron leakage in mitochondrial
electron transport chain located before the site of antimycin-A block. When oxidized
exogenous NADH, mitochondrial electron leakage was insensitive to CN~, rotenone,
antimycin-A and SHAM, but EGTA, a Ca?* chelator, was obviousely effective in inhibiting
electron leakage. It suggested that Ca’*-dependent NADH dehydrogenase on the outside of
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mitochondrial inner membrane was one source of electron leakage in mung bean
mitochondria. Electron leakage rate and O, /O, are closely related with mitochondrial energic
state. Mung bean mitochondria in state 4 presented a higher electron leakage rate and a
higher O, /O, as compared to those in state 3. Apart from exogenous NADH oxidation, both
CN™ and SHAM presented inhibitive effects on electron leakage, and these indicated that
electron leakage was possibly related with alternative pathway.
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LRI R AR R TR B PHFARRIA W R FEHEE P RESEEBIKET, BREE
MEAE CAMLBLE, DN EFERO, MBS FK, MEEEESIBEERS>HRTF WK
B, HEXNAH#HTREFEREERBEBABEF(0;), HIALKEN LT H” (electron
leakage) ", Z5LRKIFRICHEN O, A 1% —2% HERO;, , BRENLRREK=4 O, 7
B 1074, SRAMETREEYEREEENEERFEY. B3Rk IR 6 A2
ERYIMEAYIPY, MY AESIHYWRREN L T EREABLARASY, EmFmMnis
HE, HYRKANBEFEREESAERD BALTFRESTASLABZR? HArxHEYL
R FROFIREREZE, R|EEYLAENEERRE: | oa-BRZBIEY, BTE
BEEAYI. B4V MEASYIV; 2. UBRMRIEY, BTFERLESYI. M. IV;
3. KAERAMAEYH AT NADH &b, WRBMBERANAEMEH, 1% NADH &4
id FMN R FeS, MlmA—MEARED, HEEHEZTUQMERET X, 4. 4 NADH M &
b, ZXARFRRDNPHARRTREEERFERREST ILER FAERBHETRER,
RABRIT s TR 7E B F A £ R A LE.

I AR5 .

#El %5 ( Phaseolus radiatus L.) HAL4h & T LA,

LGNS E  #% Neubrger FM, 1 kg THRHMMA 2 L HFEMKR(S 0.3 mol/L HE
BZ, 50 mmol/L HEPES pH 7.5, 1 mmol/L EDTA, 2 mmol/L $i¥Z. 8, 0.1% (w/v) BSA,
0.5% (w/v) PVP), HR#5&3%, DAk, M 1500x g B0 15 min, MW 10000 x g &L
15 min, JLIERFE 10 mmol/L BB pH 7.2 (& 0.3 mmol/L HEE. 1 mmol/L
EDTA. 0.1% (w/v) BSA) B34 t, 1200 g B> 10 min, ¥ 10000 x g B.L 15 min,
VIVE RNk, FiA#IETE 0—4 C T4,

HBRERGHAUE  HFERE. HFFHHE PO, nmol min' mg! protein FiR.

FERRASAYEIT ¥ Chance-Williams 75 51,

BFRMERNME HEZEHFEM B O;nmol min'mg’ protein .
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MEmINE 1, RBUAPFRAERE 3 B, MAIER GO TR0 HI) X o- B 5= B S 40 0 3 &) 1
AR 70.6%, FIBEA (BALITAME R ) K 75.5%, CN™ (BAIT MHIH) K 75.5%, W
SHAM (KGEEEK, PMEFRAREABHMHE T ) RE 11.73%; RE 485, GAEREX
a- TR ZBREAL K IMHI K 38.16%, HEBE A N 42.44%, CN™ 7 43.51%, R4 SHAM 7ERZE
4 MHEETRE 3, SHAM +CN™ L EERILER 2 MHIERE 3 ARE 4 1R PR
1ER.

Tl o-BE-BIRNHATRRELE BT MER

Table 1 Respiratory rate and electron leakage rate with a-ketoglutarate as substate

N R S HBFRER <

¥ Respiratory rate Electron leakage rate 0:/0,

Inhibitor (0, nmol min"mgprotein) (O} nmol min"mg protein) (%)
State RE 3 RA4 RE3 RE 4 RE3  RE4
*t# Control 14.73 6.55 0.31 2.22 2.1 339
Rotenone 433 4.05 0.05 0.71 1.1 17.5
Antimycin A 3.61 3.77 1.02 2.53 282 67.1
CN” 3.61 3.70 0.07 0.58 2.2 15.7
SHAM 13.01 3.33 0.27 1.02 2.1 30.6
CN™ +SHAM 1.44 1.17 0.01 0.04 0.7 34

o - P L2 R R IS 4 B ) R R o T U R A RS 3 B 0.31 05 nmol min'mg'protein, WiZE
RE 4824222 O; nmol min'mg’'protein, RET 7.16 /5. ABEHIHIRE 3 HURE 4 LT
HRMHI 55K 83.8% 1 68%. CN™ 3PRZA 3 FoRZA 4 B FRMHRE R 77.5% F1 73.8%.
MER AFRSEI M EFRERER 334, RE4ETRERERS 1.144%. SHAM 3}
RE 3 WBFREEMAD, WPRE4FOETFRANHERD. TUHEEHRED: TibARTW
FIREE, REIVETFRERLREIWEFRL., BRE3, RENEBE AELER, 00,
HIEEH (28.2%) , HEHR T/ 05/0, A #:t 3%.

2.2 MR EEDIRR AR A0 K WA A L F I

MM EY LRI REE HNEY, BHRAEEERSE NAD, Wil FAD #31 UQ, #
ALK %5, AP ATP. %k 2 RUAEEX UBRABR ARG ERERLERA
M, TMIHEE A WHRE 3 IRE 70.3% ZRE 4 FBFIRA 6.5%, CN™ BEMEIRA 3 MR A
71.9% BORZS 4 WFIRE) 31.4%; SHAM TGRS 3 FEIREY 9.3% RARE 4 IR 41.2%. W
CROBHBRBEMATEREMHIRD S RFER AR E R CRE 3 BHMH 82.4%,
RE4 BF M 64.2%) . SHAM HTCN EREMEA T e 2 MG BRI A E AL,  Brd 607 xf ek
ERRMEHR2REIMRKTRE4H, MEH SHAM sHRA 3 HMEDTRE 4.

LSS Y at, RA I BB TFREES 2.57 O; nmol min'mg’'protein, RZE 4 B
6.48 O;nmol min mg’protenin, RZA 4 BIRA 3 1 2.5 4% RAIHHO03/0, X 2.2%, MR
A4 B 03/0, 8 17.7%. FZESHRA 3 AR 4 B R TR IE 1B mE (551304 98%
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AMEARE 3 FRE 4 s TR AR,

2.3 FRRFELLERBRA YR KR NADH $U4L:2 BB F iR

BEFREI MRS 4L FRYLHBENER. HBEEAERSITHETR
MR 2.1 465, REIBUTFRMGERRE, I 05/0, WEE EFEA. SHAM M CN™ #

%2 BRRBRAIEANOTERERR S TRER

Table 2 Electron leakage rate and respiratory rate with succinate as substrate

PF R 3

BT O

ikl Respiratory rate Electron leakage rate 02/0

Inhibitor (O; nmol min"'mg'protein) (O, nmol min"mg"protein) (%)
State RE3  R&4 RE3 RE4 REI  RE4
% B Control 118.50 37.73 2.57 6.48 22 17.7
Rotenone 115.50 35.27 2.49 6.12 22 174
Antimycin A 35.15 27.75 542 7.12 154 25.7
CN~™ 33.30 25.90 0.42 1.12 1.3 4.3
SHAM 107.50 22.2 2.78 5.12 2.5 23.1
Malonic acid 20.90 13.5 0.05 0.15 0.3 1.1
CN~+SHAM 7.40 5.55 0.04 0.35 0.5 6.3

RIBHYFRACH BB R, A Y L08R 0% 4 o 77 78 — R 4 B PR R URIK N TR
NADH &4k, 531%A% NADH E4LAR, EARLE ATP WE—MERAA, TiRLss FMNA
FeS, A —MBXED (EP,) A AL UQWiERETE, RAERTA ATP. MUFERYEY
i, XA EAEFAEURE AR NADH £ XNEREYHEN, %3 REUERR RN SN
REPER RN FRER, AEF RS 3 0 PERERME 48.46%, IRZE 4 493 H|
22.69%, to-MRZMARYHABERONHKEL, TRAUZERVEYH, RER8K
FEENABFARSURN MR NADH 8. RBE ARSI i A HRAERNG N T
NADH EACHHI K 83.6%, FERA 4 0K 62.66%; CN-1EIRA 3 I4I 84.87%, 7ERA 4
H 66.46%; SHAM 3HARZ 3 MM%I % 55.19%, xHRZ 4 2 59.42%; SHAM #1 CN- 3t [F#%H
EASESMEIXFIPR. ZAERERT, SEAREMUIERB VYIRS 3 WEFRESR

3 ERBAHRDHE R EER BT RER

Table 3 Electron leakage rate and respiratory rate with malate as substrate

)38 3 1 TR R 0./0,
Ek b Respiratory rate Electron leakage rate
Inhibitor (O; nmol min"mg'protein)  (O; nmol minmg”protein) (%)
State RA 3 RA4 RE3 RE&E4 REI  RE4
*t M Control 67.21 30.80 1.50 503 2.2 16.3
Rotenone 34.64 23.81 0.97 3.12 2.8 13.1
Antimycin A 11.02 11.50 2.35 4.13 21.3 359
CN~ 10.17 10.33 0.11 2.12 1.1 20.5
SHAM 30.12 12.50 0.85 2.75 2.8 20.2
SHAM+CN~ 3.12 1.12 0.05 0.05 1.6 4.5
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% 0.97 O;nmol min'mg'protein, R 4 B #H F ¥ % 3.12 O; nmol min'mg” protein, Lt
REIMKBEL. REIHO0;/0,H2.2%, REIHH16.3%. AEEREITRE4, #
BE A BERENTE NADH 4 EM R TR, #% 05/0, L. 7 CN™ fl SHAM #5R%1%
BFREEER, HEx0,/0, tEEMAN T,

2.4 FEIRSELLSM IR NADH AR A B F5R

MY LRAEMB YR - RAHERES), 3R YRR AR HH AR NADH
fERVFREY). TEMYEPIEPINE NADH WELFEER LR 1% —RET BN B E
T # NADH i S/ U A F 585, XR—% Ca” RFNGR; Z“RE&i35ME LK NADH it
M HEABRTE, HBRBEBT Cytc,

NF4TLIE, PASME NADH NRY M PFREFEEE T U o- BR K, FRMNIE
B AEY BT PERER, AERNSNE NADH MEARERMEmE, T RIMNEM AR NADH
SFHFHEAR. NBEA. CN X Ca EBEM W EGTA # 7 [ B 5 #40§ NADH i
#4t; SHAM xt4ME NADH &AL EA L RAWH. #H Cytc FLER, I EGTA., HEX
A RRER T L NADH /R M &e ik, WK NADH E/L X K8 T Ca’t RSN R T 1Y
NADH £ gk, EEEE—EWrrg, i dE 74884 sME £ 8 NADH B SR 1T,

4 SR NADH 2 e BOPRIR 32 52 i 7 IRE R

Table 4 Electron leakage rate and respiratory rate with exogenous NADH as substrate

L2308 BT IR

I Respiratory rate Electron leakage rate 0:/0,
Inhibitor (O, nmol min”'mg'protein) (O-'Z nmol min’mg”protein) (%)
State RE3 &4 RE3 RE4 RE3  RE4

1 Control 273.46 117.00 6.78 6.63 2.5 5.6
Rotenone 253.70 109.00 6.52 6.12 2.6 6.1
Antimycin A 55.12 61.40 7.13 7.03 12.9 114
CN~ 43.32 39.41 6.45 6.65 14.8 16.8
SHAM 244.15 50.41 6.78 6.84 2.7 13.5
SHAM+CN" 18.55 15.33 6.45 6.21 347 40.5
EGTA 39.53 33.07 1.03 1.02 2.6 3.1
EGTA +Antimycin A+Cytc  58.66 51.33 245 2.13 42 4.1

MBTF R ERRE, L NADH HRYH 8 T L ERYFEREA, {HU NADH ¥
JE R PRR B T HI0IEY. M O3/0, tiEE, NADH MBIMEMHMEZRFA. JLFMET
fe B aEA MBI 3 NADH HEY K FRIEMAK, {HCa™ Z4H EGTA 7R 3 MR
2 4 W3 T WA G AR AR R R (4 60%) . EEAF EGTA. Cyte, HEXA
RIRIYERT, PRORGER FIRE SRR,
3 itig

o-BR_BNEYH ERFABRET, BRUBEK AN, BFrA R &R m ) % R
WM TR TFREE, RANER AENHPFROFNERT 0,/0, WILE. HEERBHIIE
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Py if B 3ot 8L A SR 4 P9 U NADH 4L 80 L T8 3R 12 DA R TR ST MR M it B o 745 38 i
ravangt, BHHEX=FBFAEREPRERTFROCSEZERER A KRN GZHT, X
S53iLnikm TR HESLRMM. SHYLRRESE TROIBL—~BIARR UQY, YR A8
R UQ (Z8). WRESRAFFRIRYN, HTFROERFRRER, HPUAASNER NADH
I TIRERRK, X5 Bonner™ & EZE® i LWL RM— B T RGKYHT FREMIFRERA
—F, (ERILMEWELN I 03/0, A KKWES, El, 0/0, ) &7t 5 k4 &l i
Fok. EZEEF Rich!'™ HHEN (T 08 ok BESHF E 9 NADH 52 85 A2 0P IR 450 T IR
A Z—, BEAUATRIL NADH HRY A S TRAT UMM AR 6L TR, HY2n
A%t NADH #4212, NADH & AHFFER LT ABE NADH R48. 7L NADH
HIEYE, SERBANHEFRERSHEX A, CN-. SHAM X ADP #A &, T Ca?*
AT EGTA eI RAEME TR, RUVKBT Ca’ AT LB IKSMBH NADH i £ 8
WA PR LRE P R ER TR — MR, W NADH BERR 7R A 5L T G
K.

BRSMIE NADH RYEALSh, o- BRTM. FRBMIBMMBS B TERR 2 P BT IR A
HHRERREF UL, R 4 R TRERN 05/0, WERHERTREI M. TERE 48, &
RARERT R, WTERXH, BTHNENMBATRERRENERS, BFELER W
TR 3 B REFTER, MFHENSANMABHLTRERENEASY, HxbthFEEER. B
5MR NADH K8 4L5h, CN™ M SHAM xi H B LR B FiEdg 2L FREA S aZe, W
AREBZBMEFROTERA —EXF. RustinT AW HRBLEEZ—F B B BHE
&, HAELRAERER, XBERABTHETRIASKERBIHN -, BAXEERETME
ST BT RAEE,
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