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The K*/H* exhange activity of the inner mitochondrial membrane was investigated in the yeast Saccharomyces cerevisioe.
Swelling experiments in potassium acetate indicated that the K*/H* exchange was active without any additional treatment after
the mitochondria isolation, such as a Mg?* depletion. As in mammalian mitochondria, the activity of yeast mitochondria was
stimulated by increasing pH and was inhibited by the amphiphilic amines quinine and propranolel and by the carboxyl reagent
dicyclohcexylcarbodiimide, However, the activity was poorly inhibited by Mg®* and consequenily was only slightly stimulated by
the Mg?*/H* exchanger A23187. On the other hand, Zn®* was very efficient for inhibiting the cxchange and consequently the
aclivity was strongly stimulated by the permeant metal-chelator o-phenanthroline, The [*RbIRb* accumulation in mitochondria
and mitoplasts was only partially inhibited by quinine and propranolol suggesting that part of the accumulation menitored under
thesc conditions was due to cation leak through the inner membranc together with adsorption on the membrane, The
DCCD-sensitive activity could be reconstituted from mitochondria and from mitoplasts solubilized with Triton X-100; this
activity, measured by [*Rb)Rb* accumulation, was quinine- and propranolol-sensitive. A spectrophotometric method, based on
the capacity of negatively charged proteoliposomes to swell, was then develaped in order to continuously follow the reconstituied

activity.

1. Introduction

Since the first proposal of the existence of a K*/H*
exchange through the inner mitochondrial membrane
[1}, this system has been intensively studied in rat-liver
mitochondria essentially by the group of Garlid [2-11].
it could be unambigsously differentiated from simple
cation leaks since it promoted electroneutrnl potassium
efflux [3], It was activated by Mg?* depletion [2,5] that
allowed the authors to propose a ‘Mg®* carrier-brake’
model for its regulation [3]. However, other data re-
ported by Beinardi and Azzene [12] supported the
view that the A23187-induced K*/H* exchange activ-
ity was regulated by the transmembrane potential, in-
dependently on the extent of Mg’ " depletion,
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Abbreviations: CCCP, m-carbodyleyanide p-chlotophenylhydrazone;
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The K*/H* exchange activity was inhibited by sev-
eral amphiphilic amines such as quinine and propra-
nolo! [4] and also by the hydrophobic carboxyl-reagent
dicyclohexylcarbodiimide (DCCD), the effect of which
was prevented by Mg?* and quinine [6-8). This last
characteristics allowed the group of Garlid to putify a
[MCIDCCD-abeled protein of 82 kDa able to accumu-
late K* and Rb* into proteoliposomes, following an
electroneutral made {9-11).

Little is known about this system in yeast mito-
chondria despite the fact that the molecular approach
could provide a good support for investigating its
physiolagical regulation. It has bean shown that yeast
mitochondria largely swell when suspended in acctate
salts [13~13] and that this swelling was inhibited by
quinine [15]. it is also well-known that the coupling
state of yeast mitochondria is strangly sensitive to the
presence of cations (potassium and sodium) in the
incubation medivm [16), Results reported by Dabadie
et al. [15] suggested that, in this organism, this ex-
change was more active than in mammalian mito-
chondria.
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In this paper, we have investigated some character-
istics of the K*/H* exchange of the inner membrane
of yeast mitochondria and have checked that most of
the properties described in mammalian mitochondria
caild also be found in yeast mitochondria, with the
major exception that the exchange was poorly Mg?™*-
sensitive. On the other hand, we nave found 2 strong
Zn®* sensitivity. We reconstituted the K*/H* ex-
change activity into proteoliposomes after mito-
chondria or mitoplasts solubilization with Triton X-100,
that brought a support for a further purification of the
activity. This reconstituted activity, as the native one,
was DCCD-, quinine- and propranolol-sensitive.

2, Materials and Methods

Cells of the haploid strain AB1-4A/8 (mat a, hisd)
were grown at 28°C in a 1% Yeast Extract, (.1%
potassium dihydrogenophosphate, 0.12% ammonium
sulfate medium (pH 4.5) supplemented with 3% glve-
erol. Cells were harvested in the mid-exponential
growth phase and mitochondria were isolated from
spheroplasts according to Guérin et al. [17). Mito-
chondria were finally suspended at 40 mg/ml in a 0.6
M mannitol, 2 mM Tris-EGTA, 10 mM Tris-m=leate
buffer (pH 6.8) (Buffer A). Protcin content was mca-
sured by the biuret method [18] in mitochondria and
mitoplasts, and by the amido black methed [19] i.
solubilized fractions and proteoliposemes using bovine
serum albumin as standard in both cases. Mitockondria
could be frozen as small beads in liguid nitrogen and
stored at —80°C without any significant alterations of
the properties described below.

Mitochondria swelling was followed as the decrease
of the absorbance of mitechondria suspensions at 578
nm in 0.3 M potassium acetate or potassium chloride
buffered with 10 mM Tris-malcate (pH 6.8, except
when ndicated). All the experiments were performed
at room temperature, at a mitochondrial concentration
of 1 mg/ml. The salt concentration of 0.3 M was
chosen because it allowed a full reversibility of the
swelling after suspending preswollen mitochondria in a
mannitol solutien. This full reversibility was not ob-
served when the salt concentration was decreased down
to 0.2 M {not shown).

Mg®* and K* contents of freshly isolated mito-
chondria were monitored by atemic absorption spec-
troscopy after centrifugation of mitochondria through
silicon oil and precipitation of mitochondrial proteins
by 0.5 M trichioroacetic acid.

Mitonlasts were prepared by digitonin-treatmert of
mitochondria according to Velours et al. [20] ard puri-
fied on a 10 ml linear sucrose gradient (65-25% (w/v)
adjusted at pH 6.8 with 10 mM Tris-maleate) submit-
ted to a 105000 X g centrifugation for 90 min.

[**RbJRb* accumulation in mitochondria and mito-
plasts was monitored at room temperature by incubat-
ing them in 1 ml of buffer A, in the presence of
antimycin A (0.2 pg/mg) and oligomycin (5 «p/mg)
and 9 mM [*RbJRbCI (500-700 cpm/nmol). Tubes
were then centrifuged for 3 min at 17000 X g and the
pellets were dissolved in 0.2 ml formic acid before
counting.

Solubilization of mitoplasts and recc asiitution of the
exchange activity was perfarmed 2s follows. Mitoplasts
{10 mg/ml) were preincubated for 15 min at 4°C in the
presence or in the absence of DCCD (50 up/mg
proteins) (since DCCD was dissolved in metharal, con-
trol tubes contained an equivalent volume of this sol-
vent). Mitoplasts were then diluted to 2 mg/ml ina 5
mM Tris-EDTA, 10 mM Hepes buffer, pH 7.2 (buffer
B), and added with a 10% (w/v) Triton X-100 solution
prepared in buffer B (2.5 mg detergent/mg protein).
Aiter a 40-min incubation at 4°C, the pellet of insolubi-
lized material was removed by a 35-min centrifugation
at 150000 X g.

Phosphatidylcholine was obtained from crude soy-
bean asolectin (Sigma) according to Soper et al. [21].
The phospholipid content was measured accarding ta
Guérin and Napias [22],

A mixture of 47 mg of phosphatidylcholing and 0.5
mg of beef heart cardiolipin (Sigma) was dessicated
under nitrogen and thes cvaporated overnight under
vacuum to eliminate remaining traces of organic sol-
vents. The lipid mixture was then dispersed in 1 miof §
mM Tris-EDTA, 120 mM Hepes, pH 7.4 (Buffer C)
and submitted to a 3-5-min sonication on ice (up to
clarity of the suspension). 0.45 ml of liposomes (21.4
mg of lipids) was added with various amounts (0.1 to
0.25 mg) of the proteic extract (or with the same
volume of buffer B added with an equivalent amount
of Triton X-100P and the mixture was added to 300 mg
of Bio-Beads SM, (Bio-Rad) pre-equilibrated for 2 h
with 3 ml of a degazed mixture of buffers B and C
(1:1), and gently stirred at room temperature for 2 h,

K*/H* exchange activity was monitored with two
different methods. (i} Accumulation of {**RbJRb*:
aliquots {about 2 mg lipids) of liposomes or proteo-
liposomes were added to 900 ul buffer C. 9 mM
[*Rblrubidium chloride (500-700 cpm/nmol) were
added. Assays were incubated for 3 min at reom tem-
perature and the accumulation was stopped by a 15-min
centrifupation at 130000 % g at 4°C. Supernatant was
removed and the pellet was dissulved in 0.2 ml formic
acid before counting, (ii) Under adequate osmotic con-
ditians, the activiiy could he followed by monitoring
the sweiling of liposomes or proteoliposomes by the
decrease in optical density at 520 nm (see Resalts).

The internal volume of lipasomes was monitored by
incubating liposomes ar proteoliposomes with [*HJFi ;0
(45000 cpm/pt) and [“*Clmannitol (5000 cpm/pl) for



5 min before a 15-min centrifugation at 130000 X g.
The radioactivity was then counted in both pellet and
supernatant.

3. Results and Discussion

Swelling of mitochondria suspended in potassium acerate

Mitochondria swelled spontancously when sus-
pended in a 03 M solution of potassium acetate
buffered at pH 6.8 (Fig. 1A, rrace a). This swelling was
not altered by antimycin A or oligomycin addition (not
stiown) evidencing its strictly non-energetic nature. It
was biphasic, the swelling rate increasing after X to 5
min, depending on mitochondrial preparations. CICCP
did not inhibit nor stimulate the rate of this swelling
{Fig. 1A, trace b).

As in mammalian mitechondria, the swelling in
potassium acetate was inhibited by preincubating mito-
chondria in the presence of the carboxyl reagent DCCD
{Fig. 1B). The amphiphilic amines quinine and propra-
nolol also strongly inhibited the swelling (Fig. 2A). The
dextrorotary stercoisomer of quinine, quinidine, inhib-
ited the swelling of yeast mitochondria (Fig. 2A) but
not that of beef-heart mitochondria [15).

In mammalian mitochondria, the addition of the
Mg2* /H* exchanger A23187 induced both a reduc-
tion of the lap and a strong stimulation of the K*/H*
exhange [6]. In yeast mitochondria, addition of A23187
promoted only a slight reduction of the lag before
sweiling and practicaily ao stinulation of the sweiling
rate (Fig. 1A, trace c), The matricial Mg?* ccatent
varied between 20 and 30 nmol per mg protein in
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Fig. 1. Non-energetic swelling of mitochendria suspended in iscos-
motic solutions of potassium salis. Mitochondria (1 mg/m| in A and
B, 2 mg/ml in C) were ded at reom inadIM
potassium acetate, 1¢ mM Tris-maleate buffer (pH 6.8) (A, Bl or 0.3
M potassium chiotide, 10 mM Tris-maleate bufter (pH 6.8} {C). The
decrease it optical density was followed at 578 nm, (A) Effect of
ionnphores on the swelling in potassium acelate, Trace 4, no addi-
tion; trace b, +CCCP 6 pM; trace ¢, A23187 1 pg/mg: trace d,
+ o-phenanthroling 2 mM: trace ¢, mitochondria treated with 50 pg
DCCD/mg (see bhelowh+ e-phenanthroline 2 mM. (B) Effect of
DCCD on the swelling in potassium acetate, Mitochoid, i were
preincuabated at 4°C for hall an hour in a small volume (50 1) added
with methanol (5 ul} containing ¢ {a), 5 (), 10 {c) or 50 () pg
DECD pur mp proicing, (C) Mitochondria were suspended in 6.3 M
puiaawi chloride. T-ace a, no addition; trace b, +CICCP 6 uM;
trace ¢, +triethyltin 1) aM: wace ¢ +valinomyein 250 ne/ma,
Trace d is a swelling in potassivan ucetate measured on the same
mitachondria preparation.
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Fig. 2. Effect of the inkibitors on tine maximal swelling rate, The maximal swelling rates were calculated from the derivatives of the swelling
curves obtained 25 in Fig, L (A) Eliet of amphiphilic amincs: quinine (5, quinidine (<) and propranolol { a ). (B) Effect of divalent cations: (%)
Mg?* and {0) Zn?*.
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freshly :solated mitochondria, not significantly differ-
ent from the values obtained in rat-liver [12}, and
thercfore cannot account for the difference in A23187
sensitivity. It should als¢ be noted that mitochondria
isolated with buffers without added EGTA did not
exhibit significantly diffzrent characteristics as com-
pared to miiochondria isolated in the classical buffers
added with EGTA (not shown).

The effect of cxogenous Mg®* was then assayed
{Fip. 2B). Mg®* inhibited swelling but the effective
concentrations were about 50-fold higher than those
reported in mammalian mitochondria [12]. High Ca®*
concentrations (up to 100 mM CaCi,} had na effect on
swelling {not shown), which was different from reports
on mammals {5}, and was consistent with the assump-
tion that yeas! mitochondria fail to support any Ca**
transport pathway [14,23,24].

Since yeast mitochondria also contain free Zn**
{251, we assayed the effect of this cation on the ex-
change activity. Zn* was found 1o strongly inhitit 152
exchenge with a K, of 0.2 10 0.3 mM iFig. 2B), close
to the K, reported for Ma®* in rat-liver mitochondria
f12}. Consequently, the effect of the permeant metal-
chelator o-phenanthroline was assayed (Fig. 1A, trace
d): it strongly stimulated the swelling until a maximal
rate and therefore had the same effect as that reported
for A23187 in mammalian mitochondria. Oppositc to
ihe exvgenous K¥/H ' exchanger nigericin {not shown),
a-phenanthroline did not induce any swelling of mito-
chondria pretreated with DCCD (Fig. { A, trace ) that
showed that the chelator had no ionopheric cffect by
itself. The effect that we observed cannot therefore be
related to the uncoupling effect of (c-phenan-
throline),-Cu?* observed by Shinaara and Terada [26].

We have also investigated whether Zn** had the
same cffect on rat liver mitochondria. After deplction
of divalent cations by a pretreatment with A23187 and
EDTA (2], we observed the same inhibitory effect of
Zn?* on the swelling in potassium acetate as for yeast
mitochondria (not shown).

A control of the electroneutral nature of the K*
entry pathway involved in the swelling of mitochondria
suspended in potassium acetate was made by compar-
ing this swelling to that obtained in potassium chloride
0.3 M (Fig. IC, trace a). Mitochondria swelled poorly
when suspended in potassium chloride. This swelling
was strongly stimulated by CCCP (Fig. lc, trace b). It
wag insensitive to quinine, propranolol and DCCD (not
shown). Interestingly, the addition of tricthyltin (Fig.
1C, trace ¢) promoted a swelling, the profile of which
was strictly the same as that obtained in potassium
acctate (Fig, 1C, trace d). According to Seiwyn ct al.
[30), these results weuld indicate that yeast mito-
chondria support a poor ability te swell by a mecha-
nism of associated electrogenic transport. of K* and
Cl~ and that the addition of triethyltin wouid a.ow a
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Fig. 5. Effect of pH on the quinine-sensitive swelling in polsssium
acetate. Bach point corresponds to the difference between the maxi-
mal swelling rate in the abseace and in the preseace of 1 mM
quinine.

swelling by 4 mechanism of associated electroneutral
exchanges K*/H* {catalyzed by the exchanger) and
Cl7/0H ™ (catalyzed by tricthiyltin). it should be noted
that, in the absence of tricthyltin, the addition of
valinomycin induced a large and rapid swelling (Fig.
IC, trace e) showing that the electrogenic entry of Cl~
was nnt a limiting factor for the swelling in KCl.

The effect of pH on the K*/H* exchanpe was
investigated by plotting the maximal rate of swelling
minus the rate of swelling in the presence of 1 mM
quinine versus pH (Fig. 3). As for mammalian mito-
chondria, the quinine-sensitive swelling was strongly
stimulated by increasing pH.

It shouké be noted that both the o-phenanthroline
treatment (Fig. 1) and the high pH (not shown) made
the lae before the rapid swelling phase disappear. This
ressembled to the observations reported on rat liver
mitochondria [2-5). On this material, the lag was inter-
preted as the time necessary to unmask the exchange
activity (by cations deplction and/or increase of the
matricial pH [9]) such an interpretation could also be
preposed for yeast mitochondria, with the difference
that, in isolated yeast mitochondria, removal of physio-
logical mechanisms of inhibition of the exchange should
be spontaneous,

Accunidation of [*Ro]RE " it mitochondria and mi-
toplasts

We measured the accurulation of the K* analog
Rb* into mitochondria and mitoplasts. preliminary
experiments showed that the characteristics of the
swelling of mitochondria suspended in rubidium ac-
ctate were the same as in potassium acetate although
tess rapid (not shown).

Non-encrgized mitochondria (+antimycin A and
oligomycin) accumulated Rb* but only 37% of the



total accumulation was sensitive to propranolol (Tuble
I). A possibility was that most of the accumulation was
due o contaminating vesicles; consequently, mito-
chondria were purified on a sucrose gradicat: the ratio
of propranclol-sensitive accumulation was not in-
creased (not shown). Similar results were obtained with
mitoplasts showing that the inhibitor-insensitive accu-
mulation was not due to contaminating vesicles nor to
the intermembrane space. This phenomenon appeared
to be very rapid since it occurred withia 15 s (see Fig.
4).

The raie of propranolol-sensitive Rb* accumulation
in mitochondria appeared to correspond to the rate of
swelling in potassium acetate since the maximal accu-
mulation was rcached after 7 to 10 min (Fig. 4).

In mitochondriz, ic accumulation of [™Rb]Rb*
that we measured could correspond to the sum of both
a [*“RbJRb*/H* exchange and a [¥RbIRb*/K* ex-
change since the matrix contained about 100 nmoles
K* per mg protein (determined by atomic absorption
spectroscopy). This observation could explain an ap-
parent contradiction between swelling experiments and
[*"RbJRb* accumulation experiments, The fact that no
lag was observed before to the beginning of propra-
nolol-sensitive accumulation could indicate that the
[**Rhiith* /K * exchange was spontaneous and did not
need any removal of a natural physiological mechanism
of inhibition, opposite to the K*/H* (or Rb*/H")
exchange monitored in swelling experiments.

TABLE I
I*RE{RE " avcumulation it niltcchondria und mitoplasts

Whole mitochondria (0.5 mg/ml} or mitoplasts (128 mg/mi) were
suspended at room temperature in a U.6 M mannitol, 2 mM Tiis-
EGTA, 0.37: baving serum albumin, 10 mM Tris-malcate buffer (pH
6.8) containing antimycin A {0.2 pg/meh oligomycin (3 wg,/mgh and
FORBIRLCT (9 mM, 300- 700 com/nmat). Afier a S-min incubution
al room temperaiure, tubes were rapidly centrifuged at 17000% ¢,
the supernatant was removed and the pellet was dissolved in 0.2 mi
formic acid before counting. Results presented in the tablz were
abtained on the sume mitochondria preparation (n= number of
independent determinations; vesults are means £ 8.0.) Similar re-
sults were obtained with three different mitochondriu preparations).

[*RbJRb accumulation
(nmol Bb* per mg)
Mitockondria
Control 19030 =11

+propranalol | M 10+ 150 =11}

+quinine 1 mM 1M+1l(n=4)
+CCCP 4 uM 74+15(n=4)
+CCCP 4 uM +quining | mM R+190r=4)
Mitoplasis
Control 1551 3n=1)
+quimine 1 mM 1+ 6(n=d)
+CCCP 4 M 177+ 5(n=13)

+0CCP 1 M- quining 1 mM % 6n-N
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Fig. 4. Time-dependence of the [*'RbJRb* accumulation in mito-
chondris. Mitachondria (0.5 mg/mY) were suspended at foom tem-
peratate in a 0.6 M mannitol, 2 mM EGTA, 0.3% bovine serum
albumin, 10 mM Tris-maleate buffer (pH 6.8) added with antimycin
A (0.2 gg/mp), oligomycin (5 ug/me) in the abscnee {(2) or in the
presence (8) of propranotel (1 mM). At ¢ =0, 9 mM [**RbJRbCI (200
cpm/nmol) were added and the incubation was stopped after the
indicated time by a rapid centrifugation. The supernatant was re-
moved and the pellet was dissolved in 0.2 ml formic acid before
counting.

The fact that the accumulation of [**RbiRb* accu-
mulation in whole mitochondria essentially involved a
[“RbjRb*/K* exchange was supported by the fact
that CCCF had no clear effects on this accumulation
(Table i}, On the other haand, CCCP significently stim-
ulated the accumulation in mitoplasts showing that,
under these conditions, we essentially measured the
activity of the [RbJRb* /H"* exchange.

However, although significant, the increase induced
vy CCCP on [*"RhJRb™ accumulation in mitoplasts is
not very large, suggesting that a part of [*“Rb]JRb*
accumulation is due to electraphoretic pathways, prob-
ably leaks. This hypothesis was supported by the fact
that, in the presence of quinine, CCCP inhibited the
residual [**RbJRb* accumulation (Table I). The re-
maining [**RbIRb* value obtained in the presence of
quinine and CCCP could probably account for the
adsorption of the cation on the membrane.

The difference between mitochondria and mito-
plasts, as regards the effect of CCCP, could be due to
the loss of matricial Kt during the centrifugation
through the sucrose gradicnt like for most of matricial
metabolites and proteins, as it could be ohserved on
SDS-PAGE (not shown).

Solubilization and reconstitution of the exchange activity
into proteoliposomes

A method was developed to reconstitute the activity
from solubilized membrane proteins, in order to fur-
ther follow the activity of purified fractions.

In a first set of experiments, whole mitochondria
were solubilized with different Triton X-100 concentra-
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Fig. 5. Swelling of liposomes and protealiposomes in isoosmotic solutions of potassium acetate. Lipusomes and proteoliposomes were suspended
in a 60 mM polassium acetate soiution adjusted at pH 7.3 (A) or £.5 (B} with Tris-HCl. The decrease in optical density was followed at 520 nm.

In{A), the ion of [

and proteolip

was 3 mg lipids/ml, and this concentration was 5.6 mg/ml in {B). In both cases, the

lipid,/protein ratio was 140 (w/w). Traces a, proteoliposomes; traces b, liposomes: traces ¢, protecliposomes made with proteins solubilized from
mitoplasts preinerbated with DCCD (10 g /mg proteins); traces d, profeoliposomes +quinine 0.5 mM. Nigericin was added at 25 ng/ml.

tions (not shown) which allowed to determine that the
activity could be exiracted with 2.5 mg Triton X-
100/mg protein. Iuicreasing the Triton X-100 amount
up to 5 mg/mg protein did not change the activity.
Data in Tzble 2 report the results of [¥RbJRb*
accumulation for two typical experiments; experiment
1 was done with proteins extracted from whale mita-
chondria and experiment 2 was done with proteins
extracted from mitoplasts, in order to avoid any con-

TABLE 1
Accumulation of {*RhJRE* in liposomes and proteoliposomes

Liposomes and proteoliposomes (2 mg lipids /ml) were suspended at
room temperature in buffer C added with ¢ mM [**Rbjrubidium
chloride (1030 cpm /nmei) in the presence of in the absence of i mM
quinine. After a 3-min incubation, wbes were centrifuged for 15 min
at 130000 g, the supermatant was eliminated and the pellet was
dissotved in 0.2 i formic acid before counting. In experiment |, the
proteins were solubilized from mitachondria. In experiment 2, they
were obtained from mitoplasis. The indication *+DCCD’ refers to
the preincubation of mitochundria or mitoplasts, before the solubi-
lization with Triton X-100. The values are means of four determina-
tions {+5.D.). Similar results were obtained for three independenmt
sels of experiments for extracts from mitochondria and two for
extracis from mitoplasts.

(¥ RbJRb accumulation
\nmel Rb* per mg lipids)
liposomes protegliposemes
-DCCD 4 DCCh
Experiment 1
Control - 1.67+009 0774002
+quinine - N82+030 090+0.02
Enperiment 2
Control 2801001 330+ 100 142£027
+quinine 270009 114£0.23 1.53+048

tamination by DCCD-sensitive outer-membrane cations
channel [27,28).

In both cases, a large quinine-sensitive accomulation
could be monitored in proteoliposomes made with
proteins extracted from untreated mitochondria or mi-
toplasts. When the proteins were solubilized from
DCCD-treated mitochondria or mitoplasts, the accu-
mulation was about the same as in control proteo-
liposomes in the presence of quinine,

It should be noted that a large quinine-insensitive
accumulation couid be measured in liposomes: that
could be due to their large volumes as compared to
proteoliposomes (see below), and therefore should cor-
respond to leaks.

We developed another methed for continuousiy fol-
lowing the activity spectrophotometrically, based on
the receni chservation by Nikaido et al. [29] that the
activity of a bacterial porin reconstituted into proteo-
liposomes could be monitored by the swelling of the
proteoliposomes induced by stachyose influx,

In the experiments reported below, the solubilized
proteins always originated from mitoplasts. These pro-
teins represented about 40% of the mitoplast proteins
and the lipid/ protein ratio for the reconstitution was
100 to 200 (w/w).

A first controi was performed in order to see whether
the volumes of liposomes and protecliposomes changed
or not when suspended in Hepes or potassium acetate
solutions (Table HI). The volume of liposomes sus-
pended in a 57 mM potassium acetaic buffer was about
109 larger than when suspended in a 114 mM Hepes
buffer. On the other hand, the volume of proteo-
liposomes suspended in 57 mM potassium acetate was
about 35% larger than when suspended in 114 mM
Hepes. From these data, potassium acetate could be



TABLE I}
Valures of liposomes and proveoliposomes before and after swelling

Liposomes or proleolipusomes (2.35 mg lipids/ml) were suspended
for 5 min either in & Hepes 114 mM, mannito! 6 mM, pH 6.5 buffer,
either in a potassium acetate 57 mM. mannitel 6 M, pH 6.8 buffer
added with [*H[H,0 (5000 cpm/pl) and ['*Clmannitol (5000
epm/pul). After a centrifugation, the radioactivity was counted both
in the supemnatant and the pellat. Values are means (+8.D.) of four
independent determinations.

Volume (ul per mg lipid}

I m
4

0.7810.19
105026

Hepes buffer
Potassium acetate buffer

144 £0:04
158+0.12

accumulated in protecliposomes and this accurnulation
induced an increase of their volumes.

At pH 7.3, protealipesomes made with proteins
extracted from mitoplasts preincubated in the absence
of DCCD swelled tapidly and to a large extent (Fig,
5A, trace ). A further addition of nigericin promoted
an additional swelling. A control was obtained with
proteoliposomes made with proteins extracted from
mitoplasts pretreated with DCCD (Fig. 5A, trace c):
these proteoliposomes did not swell spontanecusly but
the addition of nigericin promoted a large swelling. It
should be noted that liposomes, suspended under the
same conditions (Fig. SA, trace b), exhibited a larger
swelling than proteoliposomes made with DCCD-
treated mitoplasts, which should correspond to the
reported above observation (Table I1) that they were
somewhat Jeaky.

At such a pH, the inhibitory effect of quinine on
proteoliposomes was not always reproducible (Fig. 54,
trace d). Consequently, we tried to find conditions
under which the effect ot guinine (and /or propranolol)
can be clearly cbserved,

Since the experiments reported by the group of
Garlid on the reconstituted activity were performed at
pH 8.2 [10), experiments were carried out at this last
pH. Essentially similar results were obtained at pH 8.2
and 7.3 (not shown).

On the other hand, decreasing the pH to 6.5 (Fig.
3B) allowed to visualize a clear and reproducible in-
hibitory effect of quinine (Fig. 5B, trace d) and of
propranolol {not shown},

From these data, it appeared that the DCCD-sensi-
tive and quinine- (and propranolol-) sensitive K*/H*
exhange activity could be reconstituted from a Triton
X-10) extract of yeast mitoplasts,

Conclusion

As mammalian mitochondria, yeast mitochondria
supported an active K*/H" exchange. This system
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appeared to be more active than in mammalian mito-
chondria since no additionnal treatment (such as Mg?*
depletion or preincubation at basic pH) was necessary
to evidence it. However, it needed a lag-time before to
be activated suggesting that, as in mammalian mita-
chondria, an intrinsic mechanism of inhibition existed.
However, in yeast mitochondria, this mechanism
seemed to be spontaneousiy removed.

Although this exchange presented strong similarities
with the system described in mammalian mitochondria
(quinine-, propranolol- and DCCD-sensitivity and pH
dependence), some differences appeared between both
organisms: the K*/H* exchange of yeast mitochondria
was quinidine-sensitive and was poorly inhibited by
exogenous Mg?* and insensitive to Ca2 +, possibly
because of a different permeability of the inner mem-
brane to these cations as compared to mammalian
mitochondria. However, it was strongly inhibited by
Zn?* (which was also a K*/H* exchange inhibitor in
rat liver mitochondtia). Consequently, the swelling was
poorly stimulated by the Mg?*/H* exchanger A23167,
insengitive to the non-permeant chelators EGTA and
EDTA, but strongly stimulated by the permeant chela-
tor o-phenanthroline.

A Triton X-100 extract from mitochondria was able
to induce 2 Rb* accumulation in proteoliposomes.
This accuraulation was clearly DCCD- and quinine-
sensitive, The activity could also be followed by the
swelling of proteoliposomes in potassium acetate, which
was DCCD-, quinine- and propranolol-sensitive, These
characteristics allowed us to conclude that the K*/H*
exchange activity of the inner membrane of yeast mito-
chondria coutd be solubilized and reconstituted with
essentially similar properties as tlic native activity. The
purification of the protein involved in this K*/H*
exchange is underway.
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