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Rifampicin possesses a high antibacterial activity both in vitro and in vivo against
"Mycobacterium tuberculosis and is used routinely as an effective antituberculous drug. In
;accordance with an increase in its application to pulmonary tuberculosis, however, various
side effects caused by the administration of rifampicin have been reported. It has therefore
‘become necessary to investigate the mechanism by which side effects occur. This paper
.describes some experiments planned to clarify the biological effects of rifampicin and its
-derivatives on liver mitochondria in connection with the relationship between liver function
-disorders after the administration of rifampicin and the mitochondrial functions.

Male Donryu-strain rats were used. Liver mitochondria were isolated and a bioxygraph
-connected to a Galvani electrode was used for the measurement of oxygen consumption,
respiratory control and oxidative phosphorylation in the mitochondria.

Of the antibiotics examined, 3-formylrifamycin SV at the concentration of 7Xx107¢ to
:2.8% 1078 M caused a remarkable decrease in respiratory control and oxidative phosphorylation
(ADP : O ratio) with enhanced state 4 respiration of the isolated liver mitochondria, though
rifampicin itself and other derivatives at the same concentration showed no noticeable effect.
:3-formylrifamycin SV (3.4x1075 to 2.7x10™*M) activated mitochondrial latent ATPase (2.4
‘to 2.8 times of the control) and inhibited ATP-32Pi exchange reaction remarkably (approximately
*90% inhibition).

The increase in body weight during the administration of a large quantity of 3-formylri-
-famycin SV, however, was normal and there was no difference between normal and medicated
rats in serum transaminase activity. The mitochondria from rats administered 3-formylri-
famycin SV orally showed no conspicuous damage on the respiratory activity and oxidative
phosphorylation.

From these results it may be concluded that 3-formylrifamycin SV acts as a potent
uncoupler in vitro on rat liver mitochondria. However, further investigation should be
performed concerning in vivo effect of 3-formylrifamycin SV as well as the metabolism of
rifampicin.

* From the National Sanatorium Kinki Central Hospital for Chest Dlisease, 1180 Nagasone-cho,
Sakai-shi, Osaka 591 Japan.
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Rifampicin (RFP) 13 #E © —% Streptomyces
mediterranei |Z XD CEA I N5 rifamycin B HEE
HINEERAEHETHY, 77 2 BHER LV
7 ABRHECH LTAWHEARZ v AR ET BV,
RFP i3 &7, in vitro 3 XU in vive & 1T, BEBEIC
R UTHEWENY o097, fiiewt3$5 RFP 0—%
e DNA M RNA RBY 25— LESL,
DNA-enzyme @HAMGDEER ¥ HF D LxLDT
HEMROREEXAFH T  tedr Lt vbhTw
59~10 - 3. LT RFP (% in vitro® -1V in vivo'® L
HICHE D DNA K RNA SR 2MHl325, M
D DNA ### DNA RV 2 5~ 5 Y OFEFLIED
DNA £ RNA B Y 25—z 13- 2 @kl
MHETE drABhiy,

fitF7, RFP B EDFBEDO D 5 b DR Y L VA
AX 3 0odREREDOFFTHIEE IR TV 51019,
RFP ORI IR T 81T 5 B BRI ROV T
2, BELOWRECIVTTRELNLTH B9, L
»L—F, RFP OB BE RT3 FERERA N3
RO TR REREE?O -, [mEk®™ - M1/ R -2 D
PEIVT VAT —BIERES W ORIfFAMNER S
h, SBEOWMATFHEINBDT, EHOBEFCHNT
HRBL—BEORFRAERZ L LTHERYREL2ODH
BB, BRiichbic h KBICRE 3 h 3 HiSRAI
I BEIERARBROBFRHNRE TN D,

KHIHVENTRHA S W 5B E L LTHEATS
bo ¥h—REAEHECHEARCERMCERTS
LOTHAH, I bav Y7 (M) ZWLOhDET
prokaryote DW:AEH Ticx Tk b, RFP oFAMAicnt
TAERLARKK, BEXF Mt OBt 3 ERANE
2bhb, ZTOX5IRBEND, bhbhilsy MF
Mt 2535 RFP L ZOFEEDFRAX KR LDT,
FOFERTONTHRET 5,

HE& LUHE

1. KREY

K@ik, BN (€354 MR-1, BB
BAFERTZERT) THHB LIcFE 150~200g OFEREET v
MRV,

2. EHO®RESE

RFP % X UL DFEMGD 5 HEC2O\TL, 0.5%
carboxy methylcellulose (CMC) # %t L, EABIH
KA TAE kg 24 400mg & 1 EDOLKR, Ficfk
& kg %4b 200mg % 2 @M ERERRS L, MR
IEED 0.5% CMC BEOAYRRIC L TH X 7
RFP ¥ =13 BB O BFH 55 (FFE 5 ML) Ic20TE,

B B8 F8F

AEERE (4TE) &b+ 2 B L icREERE
K Lo

3. MEFFVAT I F—EEEDONE

RFP ¥ -3 FBGOBERREH 3 L U NBHO &R
oW, JEERE DRI L 7= f1#s % A\, Reitman-
Frankel iz X b GOT 3 X 0f GPT i&E:% JIRE L1,

4. FF Mt 3R ORBE

ERBYY 1 RER LB X Y BR L, Ak
5 DHEICH 0.33M EERE, 1mM EDTA ¥ X Ot
5mM Tris-HCl (pH 7.4) # &L BECTH Mt » 585
B Lo LEEREPRE L8 Mt 30802 0°C TR
L, ANBESCHCERICHE L,

5 HRXEA

EHFEDOI-DICFEH Lz RFP, 25-desacetylrifampi-
cin (DA-RFP), rifampicin quinone (RFP-Q) 3s X ¢
3-formylrifamycin SV (3 F-RFM SV) i3 55—8I ks,
SHIVREINTIDOTH S,

6. Mt ORI X OB Y vEERIGDRE

SEE LI Mt ORFHEEE S LOREN) YRR
B, A= B R 2 fo{bEA DO RiEkES
RAKILEFRFT, HR) AVWTHE LR, Tibb,
10mM KH,PO,, 80mM KCI, 5mM MgCl,; ¥ X 0t 20
mM Tris-HCl (pH 7.2) X Y A KIGEK 2.5ml iz Mt
Akt (1.5~8.8mg EAMEY) ¥z, v/ %Fy 72
£2—5—ETHREBRLENRG 25CTA vF X~ Li,
AV FaRN—¥ g v —ERE O L K FREE (4mM
2NITBFIPIVAERTAV2=VEEF P Y VL),
RFP ¥ 7idx0iF¥hss XU ADP &% H& ML, Mt
DR T FRER Y B LS %E T EEN I DENEL
Too BRI NIcFREBMBE L D Mt ZER 1mg 4) 1
FEDOBT HEEE, FRHAFR (State 3/State 4) I
X UBERy Y vER{LRE (ADP : Ot) % B L7%,

7. ATPase {EHDHIZE

Mt D¥EZEH: ATPase I DOE DI L & HETHE
Lo Ticdd, 50mM ERE, 20mM KCI, 5mM Tris-
HCI (pH 7.4), 3mM MgCl, % X ¢% 0.1mM EDTA X
b A UG T Mt A%l % 3mM Na-ATP & & i
25°C, 15 A v o X~ F Lk, RKIBE 8% DX
# PCA CRIGR L, BREAREOSEES O LEK+H
CEEhLHEEY v (Pi) 2EHBOHED CHE L,

8. ATP-%Pi ZHRIGCDHIE

EFR7ERLUEKEHK 1.3ml iz 6 umole Na-ATP,
1uCi®Pi % & ¢ ) vEEEK (pH 7.4) 6 4 mole, 50
n mole Na-Azide ¥ X U¢ Mt ¥l (4.6 mg EEiHY)
X TE&B% 2.0ml L1, 25°C, 10 54 v+ .
— b Lico RKIRE 8% DX#& PCA TRIGREELL,
FHLDHERD EECOWT, LEREBOHE VL BE
B vERDROKBEHBRK L LTH Wk, Thb



197448 A

Y, EROA VT2 A T3E%E LI BRE 1ml
TABMOETHEL, ¥A7rv—hvvx— (Aloka
FC-1E, HASEBREEENER, ER) THE) viLs
WOHY VY RPE LI,

9. Mt EHOER

—EBED Mt R H I TRL L BERKTH
R, xR 5 —DRAEN THML I, KE 430nm kit
BRINT Mt BROERE® T2,

¥ #

1. E®E7 v MF Mt OER: XOBEA Y vERbiT
RiETHE

Table 1 iXIF% 5 v MFX b SEEFL Lc Mt OfRE
MEERE, R FAETIS X 08 ADP: O Hizwb$5% RFP &
FOFEGOFERRLILLDTH D, Mt ¥ELRIE
REHEREBE L LT ~27BF Y va (KRKEE 4
mM) *hn% f-#%, X5z RFP, DA-RFP % f-ix RFP-
Q (BREKRE 2.8X107°M) OFHEMIC X MK IHEEE
(State 4) WIIENED BRI DI, EFhZDOED
IERFEE S X ADP : O iz TFh i jBo Thth
DI & KENEIDI, TR LERED 3F-RFM
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SV %Rk LB a1 State 4 ORI S8IC
HinL (D 3.2 £%), ZhicfuvrEkiALE, ADP: O
XL DREABRETHED S i (ThFhaRBo
31% BXUV55%)o AV 7= VT b ) v A RIEREST
W34 (Table 2) iwd, 3F-RFM SV oFinic
X BB DOIMEIE L (RFRD 2.8 %), THICHWIFE
W HAS, ADP: O ik zhZhi o 30% 8 X1 63%
AR T Lo

3F-RFM SV o Mt ioxb3 5 LD ERE, Bit®
FE LTHISTWwW% 2,4-dinitrophenol (DNP) ofEf
LT 50T, 3F-RFM SV DR L 58 & ORIEIC
DWTHRE R % foo Fig. 1 RT3 & £, State 4 DI
Rzt % 3F-RFM SV OB I ) X X3
ERREIRDH, TX108~7X105M ORFETIL, &
BEDOERLFHTLUTHEROBEN LR D, Ll 7X
107*M © 3F-RFM SV @HEbnic X > CTAaBREI his
R DERBCET L, & OBEAIECHBED
3F-RFM SV (1.1x10*M) #iinic k b —BEETH
%o 3F-RFM SV 2 X % & 04l X h 7= /%%, DNP
F/cik ADP ofimc X o TR Ehityv, Fig 2 134
State OERKIZKT5 3F-RFM SV 0% B4R L71-3

Table 1. Effect of Rifampicin and Its Derivatives on the Respiration and Oxidative
Phosphorylation in Mitochondria Isolated from Livers of Normal Rats
Additions (M) (natog}styn%?x?/:l?a:reotein) Egsgrig?tig?;x ADP : O ratio
None 21.0 4.9 2.0
RFP 2.8x1078 21.2 5.0 1.9
DA-RFP 2.8x1078 20.9 4.7 1.8
RFP-Q 2.8%x1075 22.1 4.7 1.7
7 %1078 39.2 2.3 1.6
3F-RFM SV 1.4x1078 51.3 1.9 1.4
2.8x1078 67.8 1.5 1.1

Mitochondria (4.1 mg protein) were added to a reaction mixture containing 10mM KH,PO,, 80mM KCI, 5mM MgCl,
and 20mM Tris-HCl1 (pH 7.2) in a final volume of 2.5ml/. Rifampicin or its derivatives was added after the addition
of 10 # moles sodium succinate as a respiratory substrate. Then 500n moles sodium ADP was added, changes in the
rate of oxygen uptake were traced. Experiments were carried out at 25C. Each value represents the mean of three

trials. Oxygen uptake shows the substrate-level respiration.

Table 2.

Effect of Rifampicin and Its Derivatives on the Respiration and Oxidative
Phosphorylation in Mitochondria Isolated from Livers of Normal Rats

Additions (M)

Oxygen uptake |
(natoms/min/mg protein) |

Respiratory

control index ADP : O ratio

None 15.5
RFP 2.8x1075 17.5
DA-RFP 2.8x1075 16.6
RFP-Q 2.8x107¢ 16.5

7 %1078 25.5
3 F-RFM SV 1.4x10°8 33.9

2.8x1076 43.1

4.6 2.4
4.6 2.6
5.8 2.7
4.7 2.8
3.6 2.6
2.4 2.2
1.4 1.5

6.0 mg protein of mitochondria and 10z moles sodium isocitrate as s respiratory substrate were used. Other

conditions were the same as in Table 1.
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Fig. 1.

4mM . Mitochondria
3FRFMSV Sucanate

1.1x16°M

Effect of 3-Formyl Rifamycin SV on the Re-
spiratory Activity of Rat Liver Mitochondria

480

1240

(o]

B BoE B8F

b DNP 0T 1m b3, ATPase if
iz T ABELARFRRRDLRICV. &
hiest LT 3F-RFM SV 2, intact /g Mt
DN ATPase fEC EWn (REFRY
R UTe Tiebb, KKIBE 3.4X10°M 0
3F-RFM SV # £ TF T, ATPase it
WNBD 2.4 f5c ERL, X b BIEE O 3F-
RFM SV % X 2R EHERIENO LR
mAhHhtc (Fig. 3), L2sL Table 3 X
U Fig. 3wRTZ& <, DNP TR#EIhS
ATPase Eic®f L Tix, RFP X UBD
Sk L RAFECHEOARERHIRD LA
Vo
3. ATP-%Pi UG T 5 H%E

Oxygen ( n atoms/ml )

4.1 mg protein of mitochondria used. Other conditions were

the same as in Table 1.
Fig. 2.

chondria

28 % 15°u
SFRFMSV.

S 200, M

28 x10%
IFRFMSV |

Effect of 3-Formyl Rifamycin SV on Various
States of the Respiration in Rat Liver Mito-

Mt 3l % Bty ) v BRLRIS O B5 K
BEEZ b B ATP-%Pi ZFHRIEX, DNP
HIZLHEL OB EFC I > THES
B, FTRBARIS &, Mt OFREI X
U ATPase jE#:ic Bi¥$ 3F-RFM SV o
fEFAI: DNP AURTHISLBIFR L BT 50
T, Mt &¥siF% ATP-9Pi e RIGIC-$
% 3F-RFM SV oEEfFANFHI 5,
#2, Table 4 R+ & {, DNP (XKE
B 2.5x107*M) i X ARG BEE R
BHTELLFOMERIIRBD 96.9% X
1%, %7- 3F-RFM SV (ki 3.4x1075
M) i X ZPEEERAS EB T, TOHERI
BIF 90% ThHolo FWED RFP X

X
o

Oxygen (n atoms/ml )

6.0 mg protein of mitochondria used. Other conditions were

the same as in Table 1.

DTH5, & State DIFK 3 F-RFM SV i X b (£
IhANEFORBE L State T LR Y, State 4 OIF
RILEELIBE S hB,

2. #7etk ATPase IEHICR T 28

Fig. 2 iR+ 2 & &, 3F-RFM SV 3 in vitro T
Mt ORERIC{RERMCIER L, %7 3F-RFM SV X
DOTHEBEEINIERIE 100¢4M KCN TELKAE XL
bo D Lt 3F-RFM SV & X 2 FRFEH I X O
ADP: 0 HDETFE & bic, 3F-RFM SV » Mt &%
FABIEE Y vEMERIGICH LIRS RIERX o2 &%
Mt B, Li-aoT 3F-RFM SV LTk, Fist
BHID S MBDOERI OV THRET Lt hidie b i
Vo BEEBRFI D% ik Mt O¥FEH: ATPase #iEH(L
L, V YBILRIGOYRIG R RS 5599, £ T3F-
RFM SV o Mt #7etk ATPase iEthicy T % &%
F BN A

D%, Table 3 wix3TZ & { RFP, DA-RFP ¥
X 0° RFP-Q (&K 3.4X1075~2.7X 1074 M) i3\~ ¥

[]
DM FBE T & B TRRIGOEEF T~ Th
4 10% LI FTHb, 3F-RFM SV iche_%
DIERIZELLBETH %,

LEOERERMS, FF Mt OEERIZK T 5 RFP
L DFELD in vitro DIEANALT DD T,
#iz 3F-RFM SV gL T3, in vivo O {ER IO

Fig. 3. Effect of 3-Formyl Rifamycin SV on

Latent ATPase and ATP-%2Pi Ex-
change Reaction
€ . |%
D
g 20 L]ATPase: 1100 ¢
(+25%I0°M =
o
E N S
& ONP) ZATPase (-DNP) H
38 S
g S
1 1.0 150 g
N 32p: -
§ "/Z/ ATP->%Pi exchange T
a ‘e
ey
< <
(o}
[0} 7 34 68 136 o

Concentration of 3-formyl rifamycin SV (10° M)

Conditions were the same as in Tables 3 and 4.
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THBRFA I hchiEie s i, Lo BSOS 27 X 5, RFP % -3 3F-RFM
4. BEHMCBIFTEE SV (200mg/kg tAHE/A) DB GRE & HBEEE DR
MBBER IO RFP ¥ 704x 3F-RFM SV #5804 1Kk, GEMIOFEEZIEDLIE L,

BEL®, £F (4~57C) OFHfEE LT Fig. 4 R 5. IMFFrT VAT IF—EEHCRTHE

Table 5 (%, RFP % 7% 3F-RFM SV (200mg/kg

Table 3. Effect of Rifampicin and Its Deriva- BE/A) % 2 BREMERS LicBEomiE GOT X o
tives on ATPase Activity GPT EHDOEF % /R LIch D TH S, RFP #7213 3F-
Pi liberated RFM SV #5280 GOT Eikid, 3 h b BB L DR
(z moles Pi/mg protein _
Additions (M) per 15min) ERRDH L, GPT fEHCOWTiX RFP 55
- , a0 FHIeTERE E RO S hie 4, 3F-REM SV £
None 0. 60 1.75 SRR L AT, BORENRDLRIhHD
Azide 5 x10° 0.28 1.04 o
RFP { 3.4x1075 0.65 1.63 6. RFP X0 RFP JFEGKHRE S v b Mt OFER
2.7x107 0.70 1.57 B XORIEH ) v RRIEHE
DA-RFP {34Xm* 0.63 1.68 Table 6 i3, RFP % X "t DFLitk (400mg/kg fk
27107 ) 064 LT0 E) %o PCEOREL, 24 BEECIFRE D S8R
Q{0 | Ve v MLEMOSOUTTOREMREE, ERRES IO
3. 4%10°5 1.45 177 ADP: 0 BB LICERTH S, ¥/ Table 7 i3,
3F-RFM SV { 2 7x10-4 L 68 L 7o RFP %X 0t 3F-RFM SV (200mg/kg th&/H) %% h

r— — : Eh 2 BRI N WIS Lic T v MIFX D SRR
Rifampicin or its derivative (final concentrations as _ . . .
shown above), 6 # moles sodium ATP and mitochondria Lic Mt i©2onT, FARIRENREhDORRILHVNT Y v

(3.4mg protein) were added to 1.5m/ of a medium @ﬂ:ﬁ%%iﬂuﬁ LfCﬁ%f®5o Ch&@%%ﬁ;/‘%‘fl 5
containing 0.05M sucrose, 0.02M KCIl, 5mM Tris-HC1 . B !
(pH 7.4), 3mM MgCl, and 0.1mM EDTA to give the iZ, RFP B IV DFHEO KBRS 15T,

total volume 2.0ml. After incubation for 15min. at 25T, Mt DIERBSEE 7L SOV Y VERLRED B S s e ETIE
1m! of ice-cold PCA (24%) was added, well mixed, left i
standing for 10min. and then the supernatant was

separated by centrifugation. An aliquot of the super- . . . .. .
natant was used as a material for the determination Fig. 4. Body Welght durmg the Administration

of inorganic phosphate liberated according to the of Rifampicin and 3-Formyl Rifamycin
method of Takahashi?D. Sv
g z
Table 4. Effect of Rifampicin and Its 200 -
Derivatives on the ATP-32Pi
Exchange Reaction

Additions (M) [ /
! 150 ) — Control 4}

None 79,118 100 e ___ Rifampicin (5)
DNP 2.5x104 2,414 3.1 §°‘f>"‘ﬂ klg f‘:-" R
RFP 3.4x10°5 72,288 91.4 T 200me ke day ®
DA-RFP 3.4x107° 76, 945 97.3
RFP-Q 3.4x10°5 75, 590 96.0 100 . — ' —
3F-RFM SV 3.4x10°6 8, 229 10.4 0O 2 4 6 8 10 2 14 Days

Rifampicin or its derivative (final concentrations as
shown above), 64 moles sodium ATP, 64 moles phos- Table 5. Serum Transaminase Activities of
phate buffer(pH 7.4)containing 1uxCi of 2Pi, 100 n moles
azide and mitochondria (4.6 mg protein) were added to
1.3m! of the medium described in Table 3 to give the

Rifampicin or 3-Formyl Rifamycin
SV Administered Rats

total volume 2.0m/. After incubation for 10 min. at 25C, GOT ‘ GPT
5 i i Doses . ! R
treatment with PCA and centrifugation were done as (Unit) | (Unit)
before. The supernatant was treated with an equal
volume of isobutanol, aqueous phase containing or- Control (4) 122.3+17.1|18.8+4.9
ganic phosphorus compounds was separated. After Rifampicin
washing three times with an equal volume of iso- 200mg/kg, 2 weeks (5) 123.7+12.1)23.7+4.7
butanol, 1m! of the aqueous solution was dried on a 3_F . .
) -Formyl rifamycin SV
sample plate and radioactivity was measured by a gas 200 mg/kg Qaeeks (75) 109.0+13.9/16.3+3.5
s

flow counter,
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Table 6. Respiratory Activity and Oxidative Phosphorylation of Mitochondria from
Livers of Medicated Rats
Oxygen uptake R irat . .

Doses g:;t;;x:)st/ex;:)n/ c::tprlglai(r)lrd);x ADP : O ratio
Control 25.1 4.1 1.8
Rifampicin 400 mg/kg, 24hrs. 24.7 4.3 1.8
Control 23.4 4.0 1.8
Desacetyl rifampicin 400 mg/kg, 24hrs. 22.8 3.6 1.7
Control 24.8 2.9 1.9
Rifampicin quinone 400 mg/kg, 24hrs. 25.5 3.7 1.8
Control 24.6 4.1 1.8
3-Formyl rifamycin SV 400 mg/kg, 24 hrs. 23.7 3.9 1.8

3.4 to 6.6 mg protein of mitochondria and 10x moles sodium succinate as a respiratory substrate were used.

Other conditions were the same as in Table 1.

Table 7. Respiratory Activity and Oxidative Phosphorylation of Mitochondria from
Livers of Medicated Rats
O tak: .
Doses é?fiiﬁ%f?‘/e Respiratory | App. 0 ratio
Control 24.7 3.8 1.7
Rifampicin 200mg/kg, 2weeks 27.7 3.8 1.6
Control 28.3 3.3 1.6
3-Formyl rifamycin SV 200mg/kg, 2weeks 28.4 4.1 1.8

4.2 to 6.8 mg protein of mitochondria and 10z moles sodium succinate as a respiratory substrate were used.

Other conditions were the same as in Table 1.

BDohitve, RREECEREDA VY 7=VBF VY
AwAWHACAEOBENBEL R,

% ®

RFP Otk B LT\ W O D|EMN D
S~ 2 X ERBEYL DA-RFP TH 5B = L 28
LA IR T B, WERHD s LUHEEFH4 13, RFP
BHRE UIEEARLCEKBEDRPRYED A
~T DA-RFP ofic RFP-Q 3 X0t 3F-RFM SV %
BEL, ThoMERTRAUMCEEZND L DRRY
RLTWw3, Lich>T RFP OFEIfERALD e £ DR
BOBFMBECELTIE, RFP oxicb 3, Ak h
LRBMEHDOIERACOVWTHIBRN I T hiE b
Lo

FiRo &<, A7t RFP R X AEIfEHO 5 B,
B IS RIS E & OBIHIIC B\ T, =k ¥ —1t
MRCTUFET RFP L 2 OFBBEEOERAXAL HhicT5
ZERBME Lico BIE, D =R ¥ —EARICE
TAHWRIIBHTEHEN DX F IR AETHEDLR
TED, BERDO =R F¥ —ERIE~NOERE—E
MR FE TP THENTER Y AWREHED S
WD TIIFDACEE L, MtIZBIT AR H O
PR TSN, MLy vERMERER XU YBILRIE S BUG

L LTOBEN: ATPase iE#:, ATP-2Pi THFIEE,
BRIt B RIS O\WT RFP &+ Fil#ltk 0 fEA%
BE L7,

X DfER, RFP A3 EEROFERITICR L, in vitro
IELUNCEN SO L L ITH b ARERIR RS bt
WoRFP X b R4 5 03\l i iEi /1% &> DA-RFP®
& RFP-Q @ oWTHAKTH %5, 2w L 3F-RFM
SV 1% in vitro T Mt DK Y L 08 ATPase [EHICE
R REEA R T E LD, PRA, BHY VB
ftigds LU ATP-%Pi TG ZHcfAE L, *+OfF
FZB 52T true uncoupler } LCOBBERXRTHO
THhbo Lid 3F-RFM SV o R3St &R T,
DNP & DB I THR D E Db DE V2 X Ho
RFP LTkt TRIC N LT BT 55, 3F-
RFM SV i o\ T2 RFP 5 L O O BRI LR TE
Cx OMREL R <, DNPO, REafifglifpss” ofisti
&Rk Mt OBIRECHET AL LT X hEO#E
RO OBEEDE(LE Db TOM L D LHERIX h B,

Lo LAkED 3F-RFM SV # &N 5 L BAK
L, in vitro TRT DB AL BIERT S hrb b,
JF Mt Ol XYY B LRI & IS RIF Mt k0
M HEOERIIEDL R, =D Fig. 4 IV
Table 5 LB LML 51, 3F-RFM SV 55y
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FPOGEMMBIVCME L5 VAT 5 —EERITLE D
X IRRE & ORI & 2 23300b b ARV 3 F-RFM
SV ©Fy MFMUIZHTBEROZ 5 LickliRiz, 3
X5, in vitro DFED Mt i3 % 3F-RFM SV
DEFZERCH L, BO#EE o ez 3F-RFM SV
MRS NLIIAALFT X SIZES ¥ Tiefix D bar-
rier REET DL LBHDERBbhb, ok 21,
4 3F-RFM SV 2miEEa L v HatEr o0z
&b, LA 3F-RFM SV DEEERAY I B DD
1 DODFBEEZ D ENTE S, Eobhbhi, in
vitro T 3F-RFM SV \cBEEROCER T % Rap B s
7y P ONGERYRCEETS LR L, BES
oW THEBTH B, LirL 3F-RFM SV #5535
v PR D ERROERERIETNG, TOEEACE
DA EETHLIRHTHS 5, TOLDIIT
RFP B X OBIHEYHE DI V~L e & O Efiswv- L
RHBEVATOEREHELAC TS L LI, FhE
hOEERRBEEONCTEZ ENMETH D,
Wit 3F-RFM SV (cBILTi3, Fhiies
ATRELLTEDEBTLDIO>REREh, 2D}
DRERATICDR5FAE2 LD, BT DA,
RFP 5 X 5EIfEB L £ D X 5 hkBdEw § onE,
SHEBRTREMETH 5,

& #

i. RFP OBENTHIEMERLAL M TS &
Ehie, BIfER® 5 BRI HFBEGERE & DRE M B
35EMT, RFP L - 0FB4AD 5 v M Mt OFER R
CRIETEEBTOWTHN,

2. EWZy PIFXYSoEE L Mticwf L, 3F-RFM
SV »ERLFRIEEL R Y AL, FRAF R X OBIL
B VEMEEREDE LWMET 2B b i,

3. 3F-RFM SV % % 7z, intact 7¢ Mt OB 7%
ATPase {EWEZEIC{EEL, ATP-2Pi FRIGICH
THERAPAEERER Lo

4. LML 3F-RFM SV wkRCEN#E LT »
M Mt DR X ORI Y VLA R B & ORI
ENADLR LMD, ZDFE, 3F-RFM SV #5535
v P OGBEHIMTITRENRL, FmEr> v A7 3
F—EEEC LR RFEIIRD bRt Dl,

5. ZhbHDFEREMNS, 3F-RFM SV 2% in vitro T
VI Mt iR LBESERF & LCERT 5 Z &0 b s
782720 3F-RFM SV 3 RFP OfRMEHEEZ BN D
DT, ZDHDH in vitro TERLBILEIEA *»RT
CEWRERTRETH B, 3F-RFM SV 044k TD
ERC OV e T XEMERSH D, RFP it X 5
SIFER L DRIHEIC RS W T HBRTILELD 5,
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