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1. Introduction of cellular metabolism at the level of the mitochon- 
drial adenine nucleotide translocase. 

Long-chain fatty acyl-CoA esters have recently been 
shown in several laboratories to inhibit the mitochon- 
drial adenine nucleotide translocase in a manner similar 2. Materials and methods 

to that of atractyloside [l-6] . This work was apparently 
stimulated by the original report by Wojtczak and Zaluska Rat liver mitochondria were prepared according to 

[7] that translocation of adenine nucleitides is inhibited 
by oleic acid. It is now generally agreed, however, that 

coenzyme-A esters are much more effective inhibi- 
tors of the exchange than are free fatty acids and are 
considered by many workers to be natural effecters 
on the adenine nucleotide translocase. 

It has been postulated that acyl-CoA mediated 
changes in the steady-state phosphorylation and reduc- 
tion potentials in the cell, as well as effects on mito- 
chondrial anion transport systems, may be important 
physiological controls, e.g. for diverting carbon in 
the liver to the synthesis of glucose and ketone bodies 

W,61\ 
Detailed studies on the reversible inhibition of the 

adenine nucleotide translocase have been carried out 
primarily by measuring the initial rates of ATP-ADP 
or ATP-Pi exchange by mitochondrial suspensions 
incubated at low temperature in the presence of a 
respiratory inhibitor. In the present studies, experi- 
ments are reported on the marked effects of palmityl- 
CoA, as well as atractyloside, on the steady-state internal 
and external phosphorylation potentials generated by 
respiring liver mitochondria. The data are taken as 
additional support for the suggestion that long-chain 
acyl-CoA esters may play a direct role in the regulation 
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Johnson and Lardy [8] except that 1 mM EGTA (pH 
7.4) was present in the isolation medium. Respiration 
of mitochondrial suspensions was stimulated to the 
desired rate by the addition of purified ATPase (F,), 
exactly as reported previously [9. lo] . Control titrations 
of ATPase were carried out in a Gilson ‘oxygraph’ im- 
mediately before carrying out the experiments. Methods 
for separation of mitochondria from the incubation 

medium, and for the determination of extramatrix 
water, internal adenine nucleotides and inorganic phos- 
phate were all determined as reported [lo] . Matrix 
water was taken to be 1.2 pl/mg of protein [ 111. The 
concentrations of adenine nucleotides and inorganic 
phosphate in the extra-matrix space were determined 
from the total incubation mixture, since the size of 
the intramitochondrial pool was very small compared 
to the total. 

3. Results and conclusions 

Table 1 demonstrates the effects of increasing con. 
centrations of palmityl-CoA or atractyloside on the 
steady-state intra- and extramitochondrial ATP/ADP 
ratios and the calculated phosphorylation potentials 
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Table 1 

November 1974 

The effects of palmitylCoA and atractyloside on the phosphorylation potentials inside and outside the mitochondrial matrix 

Inhibitor 
CuM) 

ATP/ADP [Pi] AGc 

(mM) (kcal/mol) 
ATP/ADP [Pi] 

(mM) 
A% 

AG, (out) AC, (in) 
(kcal/mol) 

(Outside) (Matrix) 

Palmityl-CoA 0 43.7 2 5.9 3.8 13.8 3.3 -2.6 
4 30.6 2 5.7 3.3 12.9 3.3 -2.4 
8 23.2 2 5.5 4.3 12.0 3.4 -2.1 

15 4.7 2 4.6 3.3 13.3 3.3 -1.3 
Atractyloside 0 38.8 2 5.8 3.1 13.8 3.3 -2.5 

1.5 1.5 7.8 2 4.9 4.5 15.1 3.4 -1.5 

Mitochondria (2 mg protein/ml) were incubated at 30°C in a medium containing 66 mM KCl, 33 mM Tris-HCl, 2 mM potassium 
phosphate, 2 mM metal ion-free ATP, 6 pCi 8-[‘4C]ATP, 2 mM MgCl,, 10 mM potassium-glutamate, 2 mM potassium-malate and 
palmityl-CoA or atractyloside as indicated to a final vol of 6 ml and a pH of 7.4. After a period of 1 min ATPase (determined from 
control incubations) required for obtaining 60% of State 3 [ 151 respiration (50% of maximum stimulation) was added. After an 
additional 5 min a 1 ml aliquot of the mixture was transferred to a centrifuge tube containing 0.3 ml cold 2 M HCIO, for deter- 
mination of total nucleotides and a 0.7 ml sample was transferred to a tube prepared with silicone oil layered over HClO, for 
determination of mitochondrial nucleotides and inorganic phosphate after separation form the medium. The mean values of dupli- 
cate determinations are reported. 

when respiration is half-maximally stimulated by 

added ATPase. In the experiments reported elsewhere, 
it is shown that the above are truly steady-state values 
[ 10,121, and that it is very unlikely that the reported 
intramitochondrial ATP/ADP ratios are the result of an 
experimental artifact [ 121. As shown in this table, the 
steady-state external ATP/ADP ratio maintained by 
the system when respiration is held constant is pro- 
gressively decreased when increasing concentrations 
of palmityl-CoA are present. Atractyloside causes a 
similar effect, but at about IO-fold lower concentra- 
tion. On the other hand, neither palmityl-CoA or atractyl- 
oside appreciably affects the internal ATP/ADP ratio. 
If it is assumed that the standard free energy of hydro- 
lysis of ATP (AC,‘) is the same within and without 
the mitochondrial matrix space, that the measured 

concentrations are equivalent to activities, and that 
the intramitochondrial nucleotides comprise a simple 
homogenous pool (see Klingenberg [ 13]), then the 
difference (out minus in) in the concentration terms 
(AG,) represents the difference in the phosphorylation 
potentials (AGp) of the two compartments, where 
AGp = AGO’ + 1.36 log [ATP] /[ADP] [Pi]. ThUS, the 
difference in phosphorylation potentials out minus 
in, respiration is half-maximally stimulated by ADP 

(ATP,), is decreased from 2.6 to 1.3 kcal/mol as 
the concentration of palmityl-CoA is increased from 

0 to 15 PM. Atractyloside has a similar effect. If this 
occurs in vivo, then an elevated concentration of acyl- 
CoA would be expected to effect a lowered ATP/ADP 
ratio in the cytosol and, through near-equilibrium 
reactions [ 141 in which both the adenine- and nicotin- 
amide nucleotides are coenzymes, a decrease in the 
NAD’/NADH ratio. 

If the data of table 1 are calculated to show the 
extramitochondrial ADP concentration required to 
give half-maximum stimulation of respiration, it is 
seen (table 2) that this value is increased from 43 to 

Table 2 
The effects of palmityl-CoA and atractyloside on the con- 

centration of external ADP required for half-maximum 
stimulation of respiration. (Data are calculated from 

experiment shown in table 1) 

Inhibitor 

Palmityl-CoA 

Atractyloside 

Concentration IADPI 
(rM) GtM) 

0 43 
4 62 
8 81 

15 342 

0 49 
1.5 221 
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342 PM when the concentration of palmityl-CoA is 
increased from 0 to 15 PM, and to 22 1 PM ADP in 
the presence of 1.5 PM atractyloside. These values 

indicate a complex function rather than a purely com- 
petitive inhibition, owing in part to the fact that ATP 
is also an inhibitor competitive with ADP for entry 
into the mitochondria via the translocase, and that 
the external steady-state ATP/ADP ratio is altered in 
the presence of inhibitor (see e.g. [ 121). 

The data are taken to indicate that mitochondria 
determine in a primary manner the cytosolic phos- 
phorylation potential (and indirectly the reduction 

potential through near-equilibrium coupled reactions), 
but that physiological effecters such as long-chain 
acyl-CoA can modify these potentials by directly affect- 

ing the movement of ADP into the mitochondria. If 
the total pool of intra-mitochondrial adenine nucleoti- 
des is indeed identical with the metabolically active 
pool, some doubt is raised from experiments as to the 

specific effects of ADP and ATP (or their ratio) on 
intra-mitochondrial enzymes. 
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