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The effect of adenine nucleotides and pH on the inhibition of oxidative 
phosphorylation by bongkrekic acid 

The effect of bongkrekic acid on oxidative phosphorylation was first studied by 
WECLING et al. 1. LARDY 2 and HENDERSON AND LARDY a demonstrated that its effect 
is due to inhibition of the adenine nucleotide translocator. This has been confirmed 
by our observation 4 that the hydrolysis of endogenous ATP is not inhibited by 
bongkrekic acid, and by direct measurements by KLINGENBERG et al. 5 of the activity 
of the adenine nucleotide translocator. WEIDEMANN et al. ~ reported that bongkrekic 
acid binds adenine nucleotides to the mitochondrial inner membrane. 

In contrast to atractyloside, bongkrekic acid acts with a time-lag, even after 
3-nlin preincubation as is demonstrated in Fig. I, where the time course of the 
succinate oxidation is given in the presence of different concentrations of bongkrekic 
acid. 

It was found that the duration of the time-lag was very dependent on the pre- 
incubation conditions. The presence of either ATP or ADP during the preincubation 
(in the latter case State-3 respiration was started by adding succinate) greatly short- 
ened the time-lag, as is demonstrated with ATP in Fig. 2. AMP and GDP had no effect. 
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Fig. i. The effect of bongkrek ic  acid on succ ina te  o x i d a t i o n  by  ra t - l ive r  mi tochondr ia .  The oxi- 
da t ion  was measured  po la rograph ica l ly  us ing a Cla rk- type  e lect rode in 1.4 ml of a reac t ion  inedium 
con ta in ing  15 mM KC1, 25 mM Tris-HC1 (pH 7.4), 2 mM EDTA, 5 mM MgCI2, 7 ° mM sucrose, 
25 mM po tas s ium phospha te  buffer (pH 7.4), 12 mM succinate,  ro tenone (o.2 /~g/mg protein) and  
o.78 mg mi tochondr i a l  protein.  Temp. 25 "~. After 3-min p re incuba t ion  State-  3 resp i ra t ion  was 
s t a r t ed  by  add ing  i .29 mM ADP. - . . . .  , no bongkrek ie  acid or ADP. BKA,  bongkrek ic  acid. 
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In contrast to atractyloside tile rate with which bongkrekic acid acts is strongly 
dependent on the pH of the medium as can be seen from the results given in Fig. 3, 
in which the rate of succinate oxidation in the absence and in the presence of bong- 
krekic acid (I rain after adding ADP after preincubation for 3 rain) is plotted as 
a function of pH. The pH dependence suggests that  an acidic group, either in the 
inhibitor or the translocator, is involved in tile mechanism of action of bongkrekic 
acid. I t  is less likely that  it is the translocator, since neither the activity of the trans- 
locator 7 nor inhibition by atractyloside is pH-sensitive. Inhibition at pH 6. 9 cannot 
be reversed by raising the pH to 7.3, nor by addition of adenine nucleotides. 

Hydrat ion of tile six double bonds in bongkrekic acid s resulted in a loss of its 
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Fig. 2. Effect of ATP on the inhibition by  bongkrekic acid of succinate oxidation in rat-liver 
mitochondria.  Mitochondria (L33 mg protein) were incubated for 3 min at  25 ° in a 1.6 ml of 
a medium containing 25 mM Tris-HC1 (pH 7.4), ~5 mM KC1, z mM EDTA,  5 mM MgC1 v 
25 mM Pi, 12 mM succinate and rotenone (O,I 5 / ,g /mg protein). State-3 respirat ion was initiated 
by  adding 0.8 mM ADP. I, uninhibited State  3 (in absence and presence of ATP) ; 2, preincubated 
with 0.48 FM bongkrekic acid (0.60 nmole /mg protein) ; 3, preincubated wi th  0.48/ ,M bongkrekic 
acid and o.14 mM ATP. RLM, rat-liver mitochondria.  

Fig. 3. The effect of pFI on the inhibit ion by  bongkrekic acid of succinate oxidation in rat-liver 
mitochondria.  Mitochondria (o.6 mg of protein) were incubated for 3 min at  25 ° in i .o ml o f  
a medium containing 15 mM KC1, i mM EDTA,  5 mM MgC12, 5 mM Pi, i2 mM succinate, 125 mM 
sucrose and rotenone (o.i 4/~g/mg protein).  State- 3 respiration was initiated by  adding I mM ADP. 
The rates  given refer to i rain after adding the ADP. × - - -  × ,  uninhibited State-3 ; A - - -  A, un- 
inhibited State-4; Q - - © ,  State-3 respirat ion in the presence of o.6/~M bongkrekic acid (i.o 
nmole /mg protein). 
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TABLE I 

EFFECT OF INHIBITORS ON ADENINE NUCLEOTIDE TRANSLOCATION IN RAT-LIVER MITOCHONDRIA AT O ° 

Rat-liver mitochondria  (i.9 mg protein) were suspended in 0. 7 mI of a mediunl containing 94 nlSI 
sucrose, 18 mM KC1, 5 mM EDTA and 18 mM Tris-HC1 (pH 7.4). The incubation was s ta r ted  
by  adding o.4o mM labeled ADP (specific act ivi ty 422 disint./nlin per nmole), and s topped by 
the rapid filtration technique.  The filters were dried and counted wi th  the use of liquid scintillation 
technique. 

.~1 dditions Incorporalion (disint. /min) in 

r rain 3 rain 5 rain 

None 607 1255 1490 
Bongkrekic acid (IO tiM) 117 129 137 
Atractyloside (43 #M) 16 49 63 

inhibitory action on the translocator. Hydrobongkrekic acid is a weak and nonspeeific 
uncoupler. 

In contrast to a report by KLINGENBERG et al. 5, we find that  bongkrekic acid 
is effective at o ° in inhibiting the atractyloside-sensitive exchange (Table I). 

The details of these experiments will be reported elsewhere. The mechanism of 
action of the inhibitor is now under further investigation. 

We thank professor E. C. Slater for his interest and helpful suggestions. With 
many thanks the authors refer to the valuable discussions with Dr. G. W. M. Lijmbach, 
who also provided bongkrekie acid and hydrobongkrekic acid. We are indebted to 
Miss O. G. W. Wagenaar for her skillful assistance. 
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