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The ATP-induced K *-transport pathway of yeast mitochondria may
function as an uncoupling pathway
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Abstract

The effect of the presence of K* during oxidative phosphorylation measured on isolated yeast mitochondria was
dependent on phosphate concentration. At 0.5 mM phosphate, K™ did promote an uncoupling of oxidative phosphorylation,
which was prevented by decavanadate, a potent inhibitor of the ATP-induced K *-transport pathway. At 5 mM phosphate,
no uncoupling effect of K* could be evidenced. These data suggest that the ATP-induced K *-transport pathway may, under

certain conditions, function as an uncoupling pathway of oxidative phosphorylation.
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The recent demonstration of the existence of
ATP-induced permeabilities in the inner membrane
of yeast mitochondria raised some intriguing ques-
tions. Prieto et a. [1,2] first observed a stimulation,
by ATP, of the respiration rates of mitochondria
isolated from the laboratory strain W303 and pro-
posed that a H*-conducting pathway was involved.
These data could not be reproduced on mitochondria
isolated from the baker's yeast Yeast Foam except
when K* was present [3]. Under ‘non-energetic’
conditions, osmotic swellings[4,5] and electrophysio-
logical [6] experiments demonstrated that ATP could
also open anionic conductances. We recently resolved
a part of the apparent discrepancies between all these
data by demonstrating the complexity of the regula-
tion of these ATP-induced permeabilities [7].
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On the other hand, we investigated the effect of
KCl on oxidative phosphorylation on isolated yeast
mitochondria at high phosphate concentration [8]: K *
stimulated both respiration rates and ATP synthesis
fluxes without effect on the ATP/O ratio. The stimu-
lation of ATP synthesis could be related to a kinetic
stimulation of phosphate/H™ measured both directly
under conditions of phosphate accumulation (state 4)
and indirectly by a decrease of the kinetic control by
phosphate transport over ATP synthesis. Addition-
aly, we observed that, in the presence of K™, pre-
venting the stimulation of phosphate transport with
low amounts of mersalyl promoted an uncoupling of
oxidative phosphorylation (i.e., a decrease of the
ATP/O ratio) that pointed out the role of phosphate
transport in the kinetic control of ATP synthesis in
yeast mitochondria, at high phosphate concentration.
This observation confirmed previous results from the
laboratory [9,10].

Since the ATP-induced K *-transport pathway was

0005-2728,/97 /$17.00 Copyright © 1997 Elsevier Science B.V. All rights reserved.

PIl S0005-2728(96)00160-0



318 S Manon, M. Guérin / Biochimica et Biophysica Acta 1318 (1997) 317-321

inhibited at high phosphate concentration [3], it was
most probably inactive under our conditions for
measuring oxidative phosphorylation. In the present
paper, we investigated the effect of KCl on oxidative
phosphorylation at low phosphate concentration. We
used decavanadate, an efficient inhibitor of the ATP-
induced permeabilities, to demonstrate that, under
these conditions, it could function as an uncoupling
pathway of oxidative phosphorylation.

The wild-type bakers's yeast Yeast Foam (PS194)
was grown aerobically in a semi-synthetic medium
(1% Yeast Extract, 0.1% KH,PO,, 0.12%
(NH,),SO,, 2% b,L-lactate (pH 5.0 with NaOH)
until mid-exponential growth phase. Mitochondria
preparation, respiration and ATP synthesis measure-
ments were described in [11] and are detailed in the
legend of Table 1.

Decavanadate was prepared by dissolving sodium
orthovanadate in water (0.1 M) and adjusting the pH
at 6.0 with sulfuric acid. The solution turned to an
orange color, typical of polymeric species[12]. It was
verified that solutions where the monomeric form
was preserved did not have the effects described in
this study.

The upper haf of Table 1 shows the effect of the
presence of K™ in the respiration buffer on oxidative
phosphorylation parameters at low (0.5 mM) and
high (5 mM) phosphate concentrations. At high phos-
phate concentration, as previously reported [8], the
presence of K* induced a stimulation of respiration
rates (state 4 and state 3) and of the initia rates of
ATP synthesis. It was shown that, although the respi-
ration rates were stimulated because of a partia drop
of AV following K *-cycling, the ATP/O ratio was
maintained following a kinetic stimulation of phos-
phate transport [8].

At low phosphate concentration, a very different
situation emerged. In the absence of K*, both the
state 3-respiration rate and the initia rate of ATP
synthesis were lower than at high phosphate concen-
tration, but the ATP/O was nearly the same. This
showed that the coupling efficiency was not affected
by phosphate concentration, which is in accordance
with previous observations in the laboratory [9,10].
On the opposite, in the presence of K*, the initial
rates of ATP synthesis were altered in such a way
that the ATP/O ratio was dramaticaly reduced,
showing an affected coupling efficiency.

This effect of phosphate concentration on the cou-
pling efficiency in the presence of K™, can be clearly
visualized in Fig. 1A where the ATP/O ratio was
plotted vs. the phosphate concentration. It appears
that, below 1 mM phosphate, the ATP/O ratio was
significantly altered by the presence of K*.

This phosphate-dependence of the uncoupling ef-
fect of K™ could be related to the existence, in the
inner mitochondrial membrane of the strain Yeast
Foam, of an ATP-induced K *-transport pathway [3].
We demonstrated recently that this pathway was fully
inhibited by low vanadate concentrations, under con-
ditions where the polymer decavanadate was the
mainly present chemical species [7]. We therefore
assayed the effect of decavanadate on oxidative phos-
phorylation parameters measured as above. The lower
half of Table 1 shows that decavanadate did not
modify the respiration rates and the ATP synthesis
rates measured either in the absence of K™ or in the
presence of K* at 5 mM phosphate. On the other
hand, in the presence of K* and at low phosphate
concentration, decavanadate induced both a decrease
of state 3-respiration and an increase of ATP synthe-
sisrate in such a way that the ATP/O ratio was now
similar to the one measured under the other condi-
tions. The protective effect of decavanadate is also
reported in Fig. 1, over al the range of phosphate
concentration. This strongly suggested that the open-
ing of the decavanadate-sensitive K *-transport path-
way was responsible for the uncoupling observed at
low phosphate concentration.

We investigated whether this uncoupling effect
could be related to the mersalyl-induced uncoupling
effect observed at high phosphate concentration in
the presence of K*, that was interpreted in terms of
prevention of the kinetic stimulation of ATP synthe-
sis by phosphate transport [8]. Fig. 2 shows the effect
of mersayl on the ATP/O ratio, evidencing the
previously described uncoupling effect of the inhibi-
tion of phosphate transport in the presence of K*. It
appears clearly that decavanadate did not protect
oxidative phosphorylation against the uncoupling ef-
fect of mersalyl. This demonstrates that the uncou-
pling effect of low phosphate concentration (Fig. 1)
and the uncoupling effect of mersalyl (at high phos-
phate concentration) (Fig. 2) are unrelated. The ki-
netic interpretation of the uncoupling effect of mer-
salyl [8] is therefore till valid.
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As a conclusion, data reported in this paper allow
to suggest that the decavanadate-sensitive K *-trans-
port pathway may act, in vitro, as an uncoupling
pathway. Since one of the characteristics of this
pathway is to be induced by ATP [3] this may be of
critical importance for the regulation of oxidative
phosphorylation in yeast. It may be noted that, even
under the conditions alowing the opening of the
ATP-induced K *-conducting pathway, the kinetics of
ATP synthesis, at least for the first minute within
which the measurements were done, remained linear.
This observation suggests that the lower coupling
efficiency was not a transient phenomenon but that
the transmembrane potential was stabilized at a new
steady state, lower than the value maintained in the
absence of opening. It is likely that the K*/H™
exchange, which is spontaneously active in yeast
mitochondria[13], even under phosphorylation condi-
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Fig. 1. Phosphate-dependence of the ATP/O ratio. Experimental
conditions identical to Table 1, in the absence (A) or in the
presence (B) of 7 uM decavanadate (equivalent orthovanadate).
O---0, without KCl; @ —@, +0.1 M KCl.
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Fig. 2. Effect of mersalyl on the ATP/O ratio. Experimental
conditions identical to Table 1 (5 mM phosphate) except that
mitochondria were preincubated for 3 min at 4°C in the presence
of the indicated amounts of mersalyl. O, without KCI; @, +0.1
M KCI; v, +01 M KCI+7 uM decavanadate (equivalent
orthovanadate).

tions [8], prevents an unregulated accumulation of
K™* via the K*-conducting pathway. A possible co-
regulation of these two systems is under investiga
tion.

It should be noted, however, that the observations
reported herein cannot, to date, be extrapolated to the
in vivo situation since the low phosphate concentra-
tion was far below the phosphate concentration of
yeast cells under ‘normal’ conditions (see e.g., Refs.
[14,15]). Additionally, these results cannot be taken
as arguments to question previous interpretations of
certain aspects of the regulation of oxidative phos-
phorylation on isolated yeast mitochondria, which
were observed in the absence of K* and at high
phosphate concentration (e.g. [16,17]). Most of dll,
our data strengthen these observations since they
unambiguously demonstrated that no uncoupling oc-
curred under these ‘standard’ conditions whereas an
uncoupling occurred under the particular conditions
where the K *-transport pathway was activated.

This work was supported by grants from the Cen-
tre National de la Recherche Scientifique and the
Conseil Réegiona d’' Aquitaine.
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