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WS TN ATP & ES & BUE MR HNE]
% 5 FETT Miak

(R B S A E S, ke 100101)

WE R ADP FUBCHE®E BLEE & 00 ATP (W 535, W90 T EHLEE (P A0 5080 X0 0 2 R4k ATP & 1l
(F\For ATPase) ATP & peifvEM w25 5% LR HL0E bR 1 0 &l ATP (IR Z 5 F \Fo AT Pase 1845 1S
S, iBXE FFor AT Pase [0 75 B0 S BRAMH0/E ], 76 1 mmol/ L ADP fE7EmE, BHE P, # 1% 1 0. 01~ 10 mmol/ L
Bhn,  A0ES R A b, 5 S RN AR E R (AT 1 mmol/ L) S ATP KR, AW ATP & R
AAASE], 9o g5 WAL R 0.1 mmol/ L S S5 R W IIT F\Fo- AT Pase [ ATP & ReintE, BG5S RV R &
TN P I A OE, Y IEE P B (0.1 mmol/ L) T, Bl A B R I T B I 28 A T R L 7R AR 4k,

7 SR g Tl e FSE R G I A R Y e A
B R T 1 mmol/ L 22 )i, Bl i B AE A0 IR I 4.
X5E1E F\FoATPase. ATP &, &%, LHLIE
HRAES Q244

RRIAR F 1 For AT Pase 575 74 (1 58 AR
By, CARERE TR Fo #8404k, Fo 2AEfL
ATP KRS & G PR AL, 354 6 MNMEITRR 45
B, 3N AEREARAT 2 T a WESE, 3 MR
ST B AESE. 1977 4E, Kobayashi 25601 545 1 &
HHEE. coli H -ATPase (1) 5[0 4055157, BIAE #
FE (/DT 1 mmol/L) B HLAHE] ATP 7K it A ) il
ATP 4 )%. 1995 4£, Syroeshkin 2171 LI 2= 0 F 2§
Bk WA %, 45 B BoRIE RN IR Py W
10 mmol/ L, ADP ¥#KJE R 1 mmol/ L [R5 1 5 W 44
APIA 0.1 mmol/ L &% G ATP & B P A
ZRe W, {HEIFNE] FiFo-ATPase [ 7K fiff it 7. J&
T FE I SE B0 45 B, Syroeshkin A FFo
ATPase ATP /KR ATP 75 e dsk B A AN ] 306 ) 18
s KRR, AT KR SERI S, —HIA
H FiFo-ATPase /Kfi ATP 1 B & ILA R ATP i
PRI s N, Rk, % U0 B R XS FiFo- AT Pase
AT P A3 TE R Wk o AT 3 T iR I — A5
PR, AR SR A 0 TR R AR TIF Y T S N
FiFo- AT Pase 75 ¢ ATP 3L g m, FILE Py £F
HATP BB EAER, ULELEHLEE (P)
AL ATP & ORI Py A4 ATP
B RN AT — i AR L, HL R e s U
ATP 5 BB A R M e ).

B4 & SN e B BT 0.5 mmol/ L I8, T S 000 e A 4meb i %2, & %l

1 #MEFAEE

1.1 #%

Tris, NADH, ATP, ADP, HNEIMEIE; (PK),
FLERIN AN (LDH), BSA I H Sigma A7), 7%
W24 British Drug House LTD /= n. AR [~ 53
Hratizg.

1.2 ORI RANTT ek ik aY # &

WO ERRAA (1) 1 £ 45 SOk [ 3] AikiEAT. W
RS BOCHR [ 4] J7iEBEATHI . 05 e %
Zp S Gy AT A ST Al P 1 S R R A L
W15y 2.19 U/mg F12.17 U/mg B, 5%
FAHIR D HIA 74. 5% 1 72. 4% .

1.3 ZEBRRENNE

28 lowry HE®, DIEIMIEEE (BSA) A
PRk,

1.4 F,Fy ATPase & BGETEAI N E

RNAAZR SR [2], AR ATP e 2
ATP-P; ZE# 7% [ 7] #EAT.

TR ARFE RS (39670183) b nt A B R LR R
B DA TR [ 5 T e s B S5 Ak i BE B I H

3 IR A
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SN BAARLS 1 ml: BEHE 0. 25 mol/ L, EDTA
0.1 mol/L, BSA, TrisHCI 50 mmol/L, J¥H1FER4N
20 mmol/L, ADP 1 mmol/L, P;0.1~ 10 mmol/ L,
pH 7.4, JIIAZ5 0.5~ 1.0 mg Z&RiAK R R IF W
INATEEHYERE (F°Pi cpm {2950 5% 10% J5 (X
(RTRE S AE 28 11 SN S NN TR PE %), 75 30 CIRIE
15 min, JIA 0.2 ml 30% — % MR & 11 e V. 1F
4 000 v/ minZ L 10 min, HC 0.2 ml W5, 4 °F
A Tk R A A I P TE B

FE i 0.2 ml, Ml 1.4 ml #HER¥
1
B AN 2. 4ml e TEE, RRIAE (H
I KW, 5:5:01,) AW, Hhk
[ %, 2000 v/ min 5 2 min, A WL

SEE, FANUAH, K.
B FRERR, Sid =l
Jei, BRSO TCH LA T

DTSRRI 10 ml 28 EAA AR IS 1K E R
fh (A ATPY ), BN

I ICTEOH PR

ST AR B EGE, M 1.0 ml RV,
BN 0.1 ml 7K, ARG L bk fli 3 i R 4% 0 s ot
P

TS AN
ATPase HGRHE(U - g = G172 120 1.6

Cr: SEEFE BB 2L (epm); Ca: R
HERE SRR BT AL (epm); C: BVHECE 54 B
(IR (cpm): P: TN R GEFRE S IR (1
(mg); 1.2: RSB 1.0 ml 02805 W
JEMIA 0.2 ml 30% i SRR ) i S AR RL 0.2: M
1.2ml MIFES Y, HL 0.2 ml EATHIEE; 1.6: 7E
0.2 ml HIFERE S TN 1. 4 ml SHER LS 1 S AR,
1. 0: DB YESREERT, M 1.6 ml HHUFE ) .

2 HR5E

2.1 FHLEEX FiFe ATPase & FUE 1 RIS
SR Z oL KA ADP RIS 1 mmol/ L,
H 0.0l mmol/L, 0.1 mmol/L, I mmol/ L,

S F 5L MR HER
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10 mmol/ L, 472 Pi W FEREAT N, Z5 R WA& 1 A
Bl1dra.

2 1 AE -4 Fros, BEIEY) P; WEEH T,
FiFo AT Pase 175 IS TERRAR, ATP™ kD,
I W Py AMUE AR Z 5 ATP &R, i H
X FiFo- AT Pase (35 P A — 2 A 1 H. 4
WAE ATP & R Py nl g 45 55 /K fift ik Bt o AH
FIf %R AE R, B, P, 5 R85 1 456 808 5
TR R R A A ARY X R AL AR ADP 5
FiFo AT Pase it 16 A 50 (1) 45 45 fig 1 BRAK, BHAS T
ATP &t PR R E AT, PRy SEILBH Py 3 3 1
Tt A e P B A F 1 2L

Table 1 Effects of different P; concentration on ATP
synthesis of F;Fg ATPase

Synthesis activity of

s (P .
e (P) Ntl. of F\For AT Pase N
Jmmol+1,”! Ex periments ) o
/U*mg
0. 01 2 0. 73050 0. 00354
0.1 10 0. 55180 0. 06826
1 10 0. 25960 0. 02687
10 6 0. 04263 0. 01203

ADP concentration is | mmol/ L in the reaction system.
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Fig. 1 Effects of P; and azide on ATP synthesis of F\Fg
ATPase

In the reaction system, ADP concentration is | mmol/L. A: without
azide in the reaction system: B: presence of 0. 1 mmol/ L. azide in the

reaction syslem.,

2.2 BRI FiFs ATPase & BLE 1 BIF 0
2.2.1 [ A U TR L AR A IR SN Bl ) 11 5
M s VAR 2R rp e JE A ADP WP N 1 mmol/ L,
BN 0.1 mmol/L, 1 0.01 mmol/L,
0.1 mmol/L, I mmol/L, 10 mmol/L, 7 P, #
JEHEAT IRV (42 FIE 1-B).
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Table 2 Effects of different P; concentration on the synthesis
activity of FiFg ATPase in the presence of 0. 1 mmol/ L azide

Synthesis activity of

e (Pi) ] hc): of F,For AT Pase s
/mmol* L™ Experiments ) .
/U*mg
0.01 2 1. 17100 0. 08061
0.1 7 0. 87229 0. 12582
1 6 0. 40467 0.02413
10 3 0. 06300 0. 00265

ADP concentration is | mmol/ L. in the system.

e 1- B W] WLAE A R AR R A 0.1 mmol/ L
SEMNFEAEREN T, B 10 mmol/L Py W ERF,
T ATP & R RARAE, 4o 89 hn S 4 4h, ATP
4 w4 . 1X 5 1977 4F Kobayashi 45
P F AR ER (/AT 1 mmol/L) H
H ATP /KAEASEI ATP & B SN, S
FRATT I S5 e L AU EAR K (0.1 mmol/ L)
I BESEI T FiFo- AT Pase (K65 G 1, W& 3 F
Bl 1L HaX—5gm 5 RONAR F A TN Py e % DA
K. RATRERH T ATP Sl &AMk S
FEK R R R RE RS [ MgADP Y5 41 45 6 IR
ZAEH, $HPUT Pi SRS T EALIT FEADP 5 F,
AT 2 5 B D PR AR I F % A8 1k, 43 ADP Al
FiFo-ATPase 45 B A Y, Wi H T ATP

MGk, 5 IR AT B BUANAT A6 I M 5 B 1 1
54m.
Table 3  Increased percentage of ATP synthesis of F;Fg

ATPase in presence of 0. 1 mmol/ L. azide compared with the

control ( without azide)

¢ (P /mmol L~ ! 0.01 0.1 1 10

Increased percentage of

60.3% 58. 1% 55.9% 47.8%

ATP synthesis

2.2.2 ] 52 WA R AR AY B VB R I X S ) 16 5
Wi: S N AR R R GE ) ADP WS 1 mmol/ L,
P WE 0.1 mmol/ L, 8748 & UK 5 2047 RN,
S5 2.

PAAIN B U 5 Ak R ATP Akt (4) H
ZA, B L MAFBENG FiFe-ATP &k
FEf) ATP & fk 36 PE & W & ok B $#2
0. 01 mmol/ LIS #E T 40% A7, 76 ML S 5 %
PRIRIELL LN L B, F For ATP & B 1K) &5 B o
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BB AL (D). T AE P SURN K B o A A
R (D~ F) " F\Fo- ATP & BB 0 75 B3 vk 5 A7
T (A) kL, MEHBHBH TGS AR
(F) G5B — BRI LR, A AR IE A v 4R
T (H) HZJE, XBE Rk R & sk e T

1 mmol/ L.

Rate of ATP synthesis activity of F\Fo-ATPase

0.0l o

i L

0.0 0.5 1.0 1.5 2.0 2.5 3.0

lg[c(NaN s )/pmol - L]
Fig. 2 Effects of azide on ATP synthesis activity of
FiFg ATPase
In the reaction system ADP concentration is 1 mmol/ L and P; is
0. I mmol/L. From A to H, the concentrations of azide are:
O mmol/L., 0.0l mmol/L, 0.05 mmol/L., 0.1 mmaol/L,
0.25 mmol/L, 0.5 mmol/L, 0.8 mmol/L, 1 mmol/L.

i BRI, SEENEEPLT P SEUN R
PR IR %A, Bl T MgADP 5 FiFo- ATP 55k
AL S, Rz Py SOl 1 4 F R
HRIT ATP 6%, {6 (D) AR E S
EE e, RIAEELT e8P T P XS TR
SIS, R T B R A s, (D) s
Z )5 B BN Bl 53 1 R B T4 & 2 T HB A,
X G A nsg, B & %2V Ea s < ADP
Mgy T4t it BHRT PR < ADP L4y
TEEWIGRE ), X B R [RFE 2L H AL ATP
LY IAE 1B W PR AR %, 1998 4F, Weber 2510 Fil
FHAEAAT AT b (o 2 R 6 IS R M (M 9, R I S
]I BRAECK o ATP) T K 4( ADP) i, HAFK 4( ATP) (1]
SEMAE K TR K g(ADP) (52 m. s Ak & v il T
ATP GREINILR, SRR IKK o ADP) [ [ I &
J&% ATP 1 F For ATPase 1454y, XFpERIART =
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Yo ATP [ffE, — e R Loy ™E T4 T ATP

Bk R DR A A U R R K A iR R
(F~H) B, T EAMWARRERAE, S5
TFaG S RN E A R E . 9B B R
T 1 mmol/ L i} F\For ATP A 1% i 45 e 3% 7 300 3 %
%, JLFRE. SR, Xm S %o T w404
. 2B T Kobayashi Zfscsel !, A FH K AT i
H*-ATPase & SE 30 M BLIE B T 76 & & 8 & T
10 mmol/ LI¥ 75 Bl 7 R HL k2 f# 4% 05 19 1 Hl, H* -
AT Pase [1945 BGTG PHEARGH FEAIK.

W LR Py AUEN G ATP MM Z 5
FiFo ATP & B 145 B s e, HLOO 12 Bl 1) 2 Bl ity
P AT — 2 3 HI4E F. Synroeshkin 26121 H 45 At
T 925, 0.1 mmol/L & % 4M Sl FiFo
ATPase /KM R, MAMEIIL ATP &R M, 32
HATP R AN IE AT P KAl S N R 3% s v, [
04 2 B0 SR I0 AT P ZKARJE ATP A5 B I3
RONEHE T EBE. SR LI FiFo
AT Pase K fiff SN ANPHIIE ATP & ple s Wl ? i
PERATM LK, 24 ADP 4 1 mmol/L, 1fi P; A
10 mmol/ LI, X} FiFo AT Pase [K 52 P; (1140
TR, B HGE I ELMRAK, EXFR I P USSR
PO I R PR R, R ZE ORI, AR
AP B AEAA I 45 4. Synroeshkin 5% 1F & /£ IX Fl -1
IAFIEAE FHEAT ATP S sE i, XFEM45 R
RERZ BRI, RO SR FIFe-ATP &
JRCHRE A5 R PE SR, JEF] T ATP S s Pk R
2 FREATIY, SRR ADP ¥R 1 mmol/ L, P;
WIEALA 0.1 mmol/ L (Bl 1), N[ T 5 5 8 it
FiFor AT P 25 b i 5 o) 400 0 70 (R0 A, 3RATI 49 31
HAFRIFERE W F\Fo- ATP &5 GBI ATP & s P

S F 5L MR HER
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(g S, L3l B BE AT A 2 8L T A A
FiFo-ATPase /Kfi# ATP ({1550, EIEE[E MgADP &5
fiji £y WM %, BRAK T K4 (ATP) Fil K4 (ADP)
i, HEiTaERRMN T P A R F sl 1 H
(ST, ARG 5 Bk, BRAIM L
S5 SCRF ATP A5 ATP KR A& ] 38 S
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The Effects of P; on the Inhibition of ATP Synthesis Activity of
FiFo ATPase by Azide

MENG Xi, LI ShengGuang~ , LIN ZhirHuan
( Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract

Using ATP directly synthetical method with ADP and radiophosphate, the effects of azide and

inorganic phosphate on the ATP synthesis of F{Fo-ATPase from pig heart mitochondria are investigated. It is

found that P; not only takes an active part in ATP synthesis as a substrate, but also has an inhibition effect on

ATP synthesis of F1Fo-ATPase. In the presence of 1 mmol/L ADP the inhibition increases with the increase of

P; concentration from 0.01 mmol/L to 10 mmol/L. The viewpoint is different from that azide only inhibites
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ATP hydrolysis but not affects the ATP synthesis at low concentration (< 1 mmol/L). The results indicate that

0. I mmol/ L azide apparently activates ATP synthesis of F|Fg- AT Pase. The activation is negatively related to

the concentration of P; in the reaction system. When the concentration of P; is kept at 0. I mmol/ L, with the

increase of azide concentration, the apparent activation degree of ATP synthesis by azide is changed. When the

concentrations of azide and P; are equal, the apparent activation by azide is the biggest. The apparent inhibition

of ATP synthesis by azide would not begin until the concentration of azide reaches near 0. 5 mmol/ L. After the

concentration of azide is higher than 1 mmol/ L, the uncoupling of FFo- AT Pase appears. The mechanism of the

roles of azide and P; is discussed.

Key words F Fo-ATPase, ATP syhthesis, azide, P;
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FREREWE S & REREREH TR

(HFTC R s P ri B B “F WE 9T, B 310029)

MTAEk, BEATIEDR LRR . R0 R DA R G i B
LR IO g, LU R A w280 v O R 1 1 6

FUAHC R W ST R, A DR TR AR Y L R G Y

TAL AT AR E T . BRI 5 S, (HIX L R A A
PEVE ST, ROACR, Sl Itk 5 28 R ANk v Ak I
Wb, i LR EebE, dEA 20 20 90 AR, LUK N
A 525 PR T BIE 9 O s e g, L AE AR Ok
A S 2 IR R M IO T R I Sk g Al
TR T R0 2 B A 3 i 1) 37 R .
1 HEAEPEEZEARREBNER

R SL DR A 7= 1, s UL IR 3 R 4,
AR P ek, NSl S OZ R A B3 b (19 90 5 4
FUTE,  ln] 7= A0 R0 5L 1) e g 2 %5, 6L IRRL 4 2 7 1
HRAE TR AR R H B RAE R SR A, N B 45k A
(KR AR R A ik Bk, R KT 1 A T A AL Y AR
SRR AL, BT G AL TR A Ak B TR
R, 55 HE AT 263 AT TR RS R G 28 J5t 1 £y 0 5
ECSUR G
2 HMREEEREREYPHNRERREEYE

FIHM L, C8f L MAF R FMBLLE (HBsAg) F
JERE L T R b IR HLUE L R A PR S H
AT AT 92 07 (V0 1 BF 20K 1F) vHBsAg |- 43 L, ok ol b £ ¥
THRATOEEE, alB B a1 T A G s K IR Bt
JE g s . IR SCR AR AR E 1 (NVCP) £ B A P g o5
TG S (R e ik B LR 7 10 M G g8 DL A Al e
M ¥ 98T (TGEV) S R 7L 5% JE D IF SR By B v 3
5, SEME S BEEA FAK PO 5 LA AR AT R 0t 1

My Tk 10320 BL B, WA SE N Bk ik T
TGEV 1S # ., 5 TGE S epiR i tb, dk— L iEsk
TGEV 3L ] 4k 2 1o A5 (0 R4 R IR T TGE 55 8
ET. Kk d g i & B WAy (LT-B) Mg EL#E &
BUEAE (CT-B) HEPA EMH BRI 4% b ik, Rk %
Fe N, SR BRI G £5 R, BUAT AT S I

Y3k, Carrillo Fl Wigdorovitz 43 5l $ 43 T 1 Bl 9 9 75
VP SEB R RE AU 97, 5 o VP A s 4 4 40 9% /b
Bl 30iE Sd kb =4, B BRIy Hi FMDV
SRR BCRE 1) BEili. Gl A% B Tl M RE KA A RE L
B BRI EE M Z IR BRI R (GUS) ARGk
frrfidpeik, H GUS Bl 280K MR an /0 i VP2 1
M FC R AN B, Wi S = T A A, e A
Fe LR e n ik B IR 3%
3 REFREVEENKEBRHEAIERE

BESE DA A D 0 A I e ) R R g, O NS
T A AR R R, SRR RRE . sl
VRS Bh 4 S E 7= RS L, & L ATV 2 i e 1 L 3
a. MMM AT A RePE, GRS M AR, AL DM Y Ah
FAS 7 B R AR AL A% ) 2E 7= W R i, SRR R
RO A e R, AT AR A A b RO
AN BT H A 1 A R b, AR B R S A G Dt
Vo i, JUH AL — Gk N SR Bl P f E 5 Wi I ST e,
117 4 K DRTRRL 928 1 4 3o R 3 JE b ke B, L AT 42 4 Tk 0T I %
fit. o FEWE R RATSME L EEREEEN; d AR A
PEEAG,  ANTT v WS . DR A A R TR TR 9E A A
b AR A P e EAT A B4R A 5L





