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Chloride transport of yeast vacuolar membrane vesicles: a study
of in vitro vacuolar acidification
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Eftects of various solutes on acidification iaside the vacuolar membrane vesicles of the yeast Saccharomyces cerevisiae were
cxamined. ATP-dependent acidification was stimulated by the presence of chloride salts, There was essentially no difference in
the stimulatory effects of NaCl. KCl, LiCl. and choline chloride. The membrane potential across the vacnolar membrane was
reduced by the presence of C1 o salts. Transport of **Cl s driven by the protonmotive force across the vacuolar membranc.
Kinctic analyses have revealed that the stimulatory effect of Cl - on internal acidification depends on two distinct components.
One shows tinear dependency on chloride concentration and is inhibited by 4,4'-diisothiocyano-2.2"-stilbenedisulphonic acid
(DIDS). The other exhibits saturable kinetics with an apparent K, for chloride of 15-20 mM. We conclude that the vacuolar
membranc of yeast is equipped with Cl™ transport systems contributing to the formaticn of a chemical gradient of protons across

the vacuolar membrane by shunting the membranc potential generated by proton translocation.

Introduction

Acidification of endomembrane systems including
vacuoles, lysosomes, endosomes, coated vesicles and
the Golgi apparatus has been demonstrated in various
cukaryotic cells {1]. In the yeast Saccharomyces cere-
visiae the vacuole is an acidic compartment that func-
tions physiologically to storc primary and secondary
metabolites and to digest macromolecules [2-4]. We
have found a number of transport systems in the vacuo-
lar membranc: a H"-translocating ATPase that gener-
ates a protonmotive force across the vacuolar mem-
brane [5-7], and secondary transport systems for amino
acids {8,9] and Ca’* [10] driven by the protonmotive
force. Their activities provide the va.uole with chemi-
osmotic functions for regulating ionic homcostasis in
the cytosol [11-15]. Moreover. plant and fungal vac-
uoles contain various hydrolases for proteins, poly-
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saccharides and polynucleotides {2,4], and these hydro-
lases are known to prefer low pH for maximal activity.

A class of V-type H’-translocating ATPase [1,11,
14,15] participates as an electrogenic primary pump in
transpott of protons across the membrane, and thus
generates an inside-positive membrane potential [S]). In
theory, net proton transiocation into the vacuole by the
H'-ATPase is limited by the protonmotive force loaded
on a system, which is composed of both clectric or
chemical potential differences for protons. The proton
pumping activity is balanced by some chemiosmotic
force such that the inside-positive membrane potential
at steady state prevents a net proton influx. This limits
the formation of a chemical potential difference of
protons across the membrane (ApH), i.e.. acidification.
Thus, questions arise as to how the vacuole is able to
generate and maintain such an acidic environment
under these limitations and what mechanism controls
the acidification inside the vacuole. This paper de-
scribes evidence of the existence of two chloride trans-
port systems which have essential roles in the ATP-de-
pendent acidification inside the yeast vacuolar mem-
brane vesicles.

Materials and Methods

Vacuolar membrane vesicles

Yeast vacuolar membrane vesicles were prepared
from a haploid strain X2180-1A (Yeast Genetic Stock
Center, Berkeley, CA) by the method of Ohsumi and
Anraku [8]. The vacuolar membrane vesicles were sus-



pended in 5 mM Mes-Tris (pH 7.2). 0.4 M sucrose and
stored at —80°C before use. A modification of the
method of Lowry et al. [16], which includes a precipita-
tion step with 5% trichloroacetic acid. was used for
protein assay, using bovine serum albumin as a stan-
dard.

Quenching assay of quinacrine and oxonol-V fluores-
cence

For measurement of quinacrine uptake [17], vacuo-
lar membrane vesicles (about 30 wg of protein) were
incubated in 2 ml of a solution (5 mM Mes-Tris (pH
7.2) and 5 mM MgSO,) containing 5 ©M quinacrine-
2HCI and various test solutes at 25°C. Fluorescence of
quinacrine was monitored by a spectrofiuorometer
(model MPF-4, Hitachi) at excitation and emission
wavelengths of 425 and 495 nm, respectively. The reac-
tion was initiated by addition of ATP-Tris (pH 7.2) to a
final concentration of 0.5 mM. Quenching of oxonol-V
fluorescence [18] was measured by incubating vacuolar
membrane vesicles (about 50 ug of protein) in 2 ml of
the same solution containing 0.5 pg/ml oxonol-V and
various test solutes at 25°C. The reaction was initiated
by addition of ATP-Tris (pH 7.2) to a final concentra-
tion of 0.5 mM. and fluorescence of oxonol-V was
measured with the spectrofluorometer at excitation
and emission wavelengths of 625 nm and 655 nm,
respectively.

Assay of ATPase activity

The ATPase activity of the vacuolar membrane vesi-
cles was determined by the method of Pazoles et al.
[19] with modifications. Vacuolar membrane vesicles
(about 20 ug ot protein) in 200 ul of 5 mM Mes-Tris
(pH 7.2), 5 mM MgSO,, 60 mM sorbitol and choline
chloride, at concentrations indicated, were incubated
with 0.5 mM [y-*PJATP (0.7-3.7 MBq/mmol) for 120
s at 25°C in an Eppendorf tube, then 775 ul of ice-cold
5% (w/v) trichloroacetic acid containing 15% (w/v)
activated charcoal (Norit A, Sigma) wus added to the
tube, mixed thoroughly and placed on ice for 0.5-1 h
with occasional stirring. After centrifugation in a mi-
crofuge for 3 min, 500 w1 of the supernatant was mixed
with 2 ml of liquid scintillation cocktail ACS-II
(Amersham, Arlington Heights, 1L). This volume was
assessed to be 60% of the total aqueous phase of the
charcoal-treated reaction mixture measured by recov-
ery of *H,0 (data not shown). The radioactivity of
liberated [*2P]P;, was counted in a Beckman LS-9000
liquid scintillation counter.

Chloroquine uptake of the vacuolar mcinbrane vesicles
Vacuolar membrane vesicles (about 20 ug of pro-
tein) were incubated in 1 ml of 5 mM Mes-Tris (pH
7.2), 5 mM MgSO,, 60 mM sorbitol (or other solutes as
indicated), 10 uM [*H]chloroquine (3.7 MBq/mmol)
and 0.5 mM ATP-Tris at 25°C. After incubation for 10
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s or 120 s, the mixture was diluted into 3 ml of an
ice-cold buffer containing 5 mM Mes-Tris (pH 7.2), 5
mM MgS0,. 60 mM sorbitol or other solutes, immedi-
ately poured onto a nitroccllulose membrane filter
(0.45um pore size. code HATF, Milipore. Bedford,
MA) and washed with the same buffer (1 ml, 3 times).
Radioactivity retained on the filters was determined in
S ml of liquid scintillation cocktail ACS-11 in a Beck-
man L.S-9000 liquid scintillation counter.

Chloride uptake of the vacuolar membrane vesicles

Vacuolar membrane vesicles (80 ug of protein) were
incubated in tubes containing 100 ul of 5 mM Mes-Tris
(pH 7.2). 5 mM MgS$0,, 60 mM sorbitol, 50 mM K*Cl.
and 0.5 mM ATP-Tris, 5 mM creatine phosphate, and
0.5 units of creatine kinase (Bochringer-Mannheim,
Mannheim, Germany) at 25°C. At intervals of 1 min,
the mixture was diluted into 2 ml of 5 mM Mes-Tris
(pH 7.2), 5§ mM MgSO;, 60 mM sorbitol and 50 mM
KCl, and poured onto a nitroccllulose membrane (code
HATEF. Milipore). The nitrocellulose membrane was
washed with the same buffer (2 ml, 3 times) and
radioactivity retained on the nitrocellulose membrane
was determined as described above.

Reagents

[*H]Chloroguine dihydrochloride (740 GBq/mmol)
was purchased from New England Nuclear. [y-*P)-
ATP (> 111 TBq/mmol) and [**CIHCI (> 111 MBqg/g
C") were from Amersham. CCCP, and gramicidin S
were obtained from Sigma. Oxonol-V was obained
from Nippon Kankoh Shikiso Kenkyusho (Okayama,
Japan). All chemicals used were analytical grade.

Results

Anions stimulate the formation of a proton gradient
(ApH), but reduce a membrane potential (AW) across
the vacuolar membrane

Vacuolar membrane H"-ATPase transports protons
from the cytosol to inside the vacuole and generates a
proton motive force across the vacuolar membrane
[3.5]. The purified vacuolar membrane vesicles have
right-side out orientation {8}, thus the H "-ATPasc gen-
erates an influx of protons into the vesicles upon the
addition of ATP. Weak bases such as chloroquine,
quinacrine and methylamine are trapped in acidic com-
partments [17]. We examined the effects of various ions
on formation of the chemical gradient of protons across
the vacuolar membrane by using purified vacuolar
membrane vesicles and radioactive chloroquine. Table
1 shows that the initial rate of chloroquine uptake was
stimulated 1.5- to 1.7-fold by the presence of Cl7,
NO; and SCN™, but not of SO; ~ or gluconate ™. No
significant difference in stimulation was observed
among the monovalent cations, Na*, Li*, and choline
used as chloride salts. Although KCl showed a lower
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TABLE T
Eftects of solutes on chlorequune uptake by 1 acuotar membrane iesicles

The imtial rate of chloroguine uptake of the vacuolur membrane
vesicles was determined in 5 M Mes-Tris (pH 7.2 5 mM MeSO,,
10 uM {"Hchioroguine and the indicated  olutes. Data represent

mean ¢ S tor tour determinations.

Solute Initial rate of [SEA]
added tmM) chloroquine uptake
(nmol,/min per mg protein)

KCH2S) 557+ 77 15021
Chuoline chloride (25} 66.5+ 1 179+ 27)
Na(1(25) 630+ 53 (177 + 14
LiC1 (23) 6ld+ 25 (o8 + 7
KNO, (25 606+ 7.7 (1634 2D
KSCN (25) 3600+ 6 51+ 1
K .SO, (12.5) 0 27 (HIN+ 7}
K .S0, 029 402 5] (108 + 14
Potassium gluconate {230 36,3+ 28 s+ 7)
AR {1t

Sorbitol (6L 372+ 08

stimulatory cffect than the other chloride salts, this
slight diitference was within experimental error.
ATP-dependent formation of a4 membrane potential
(AY) across the vacuolar membrane in the presence of
various solutes was examined by monitoring of quench-
ing of oxonol-V fluorescence (Fig. 1). The fluorescence
of oxonol-V was quenched immediately after the addi-
tion of ATP. indicating that an internal positive mem-
brane potential was formed. In the presence of chlo-
ride (traces ¢ and d), the membrane potential fell
giadually and reached a steady level after hyperpolar-
ization upon ATP addition. Querching profiles of ox-
onol-V fluorescence were similar in the presence of

ATP Gramicidin S

A
aF/F 20%|

1 min
Fig. 1. Formation of 4¥ of vacuolar membrane in the presence of
varied solutes. Membrane potential of vacuolar membrane vesicles
was measured by quenching of oxonol-V quenching. The solution
contained 5 mM Mes-Tris (pH 7.2). 5 mM MgSQ,, 60 mM sorbitol.
10 g /mi oxonol-V, 50 ug of protein of vesicles and (a). none; (b),
50 mM potassium gluconate or 25 mM K ,50,. (¢) 50 mM choline
chioride; (d) 50 mM KOl or NaCl; (e) 30 mM KNO,: (1) 50 mM
KSCON. ATP-Tris (pH 7.2) (final concentration, 0.5 mM) and grami-
cidin § (10 g M) were added at the point indicated.

A ATP Gramicidin S

0omM CI™
2 mM Ci”~
s 10 mM CI~
AF/F 20%'
e 40 mM Ci~
1 min
B
40 mM CI~
20 mM CI”
10 mM CI~
4
AF/F 20% -
20“’{ 0 mM C!
1 min

Fig. 2. Chioride-dependent tormation of ApH and dissipation of AW,
Formation of 3pH was measured by quenching of quinacrine fluo-
rescence in a solution containing 28 ug protein of membrane vesi-
cles. 5 mM Mes-Tris, pH 7.2. 5 mM MgSO,. 60 mM sorbitol, 5 uM
quinacrine-2HCH and various concentrations of choline chloride.
Formation of A¥ at various concentrations of choline chloride was
measured by quenching of fluorescence of oxonol-V.

KCl, NaCl (trace d) and LiCl (data not shown), but
were slightly different when choline chloride was added.
On the other hand. the profiles with NO; and SCN -
were apparently different: the initial hyperpolarization
was not observed. and the membrane was less polar-
ized than those in the presence of chloride salts. When
the reaction mixture contained sorbitol alone or sor-
bitol and gluconate, the steady level of the membrane
potential was larger than those in the presence of
chloride. nitrate, or thiocyanate salts.

These observations (Table I and Fig. 1) show that
the ApH increased in the presence of chloride, nitrate
and thiocyanate salts, whereas the AV reduced. We
predicted that this phenomenon indicated that anions
such as C1 ', NO; and SCN ™ permeate into the vacuo-
lar membrance vesicles and dissipate the internal posi-
tive membrane potential and facilitate the acidification
inside the vesicles.

The acidification is enhanced by two components of Cl ~
transport

We then examined a mechanism(s) of the formation
of the ApH across the vacuolar membrane. Acidifica-
tion inside the vacuolar membrane vesicles results in
accumulation of a weak base, quinacrine, inside the
vesicles, which results in quenching of the fluorescence
of quinacrine {5,14.15). Fig. 2 (upper panel) shows that
rapid quenchinz of quinacrine fluorescence took place



immediately after addition of ATP and reached a steady
level in about 5 min. An ionophore, gramicidin S,
reversed the fluorescence intensity mostly to its initial
level. Both the initial and maximum levels of quench-
ing (AF /F) correlated linearly with the amount of the
vesicle protein within the range of 20-60 ug under
standard assay conditions (data not shown). The ex-
tents of vesicular acidification (Fig. 2, upper part) and
membrane potential formed (Fig. 2, lower part) were
measured in the presence of varied concentrations of
choline chloride. The initial rates and steady levels of
quinacrine quenching, which reflect transport of pro-
tons and formation of ApH, were stimulated, whereas
the membrane potential was reduced with increase of
the salt concentration.

Stimulation on the initial rate of quinacrine quench-
ing by ClI- did not saturate by increasing the salt
concentration upto 100 mM (Fig. 3, closed circles). It
seemed to be composed of two kinetically different
parameters: one component was saturated at approx.
30 mM choline chloride, whereas the other maintained
a linear relationship with choline chloride concen‘ra-
tion. Therefore, the chloride stimulation was formu-
lated as:

Vobs = Va1 1/ (K +[C17 D+ K[C17 )+ 1

where: V., the initial rate of quenching; V., the
maximum velocity of quenching (owing to a saturable
component); V,,, the initial rate of quenching at 0 mM
choline chloride (due to a component independent of
Cl™);, K., an apparent Michaelis constant for Cl-
(owing to a saturable component); k, the rate constant
for Cl™ of the linear component.

Least square fitting, using a microcomputer, esti-
mated V., V,, K., and k as shown in Table I1. The
saturable component showed an apparent K, for
choline chloride of 20 mM. The ratio of V, to V,,,, was
1.0, indicating that the saturable component is respon-
sible for 2-fold stimulation at a saturated concentration
of choline chloride. Kinetic analysis of radioactive

TABLE 1
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Initial rate of quenching (*/.F /min/28.g protein)
N
o

° 0 2b 40 60 8c 100
Chofine chioride (mM)

Fig. 3. Kinetics of Cl  stimulation on the ApH formation. The initial

rates of quenching of quinacrine fluorescence in the presence of

varied concentrations of choline chloride were plotied. The closed

circles and open circles indicate the activity of untreated and DIDS-
treated vacuolar membrane vesicles. respectively.

chloroquine uptake into the vacuolar membrane vesi-
cles also showed the existence of two distinctive com-
ponents with a similar dependency on choline chioride
(Table ID). In this case, the apparent K, for Cl1~ was
approx. 15 mM, and the ratio of V¥, /V,,,. was approx.
0.8.

Effect of Cl ™ on the vacuolar H “-ATPase activity

The protonmotive force across the vacuolar mem-
branc is to be limited by the activity of the H*-ATPase.
Thus, the stimulation of ApH formation by CI™ may be
due to a change in the H*-ATPase activity. We deter-
mined the H*-ATPase activities in the presence of
varied concentrations of choline chloride by measuring
the ATP hydrolysis activitics of the vacuolar membrane

Kinetic parameters of chloride stimulation on vacuolar ATPase and acidification actitities
Activities of vacuolar ATPase and acidification were determined under various conditions. Kinetic parameters determined were summarized.

Acidification ATPase
quinacrine chloroquine ATP hydrolysis
fluorescence uptake
Saturable Vmax 2357 473° 0.077°¢
component K 19.3 mM 153 mM 8.6 mM
Linear k 0.12¢ 0.16 ¢ not detected
component
Cl~ independent Vy 240° 366" 0.29¢

3(%AF /F)/min per 28 ug protein; P nmol uptake/min per mg protein: < nmol P, /min per mg protein; Y (%dF /F)/min per 28 ug

protein/mM Cl~; € nmol uptake /min per mg protein/mM Cl .
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vesicles. As shown in our previous studies. the ATP
hvdrolysis is known to be carricd out by the H *-ATPase
because the vacuolar membrane vesicles from H -
ATPasc-deficient mutants do not demonstrate ATP
hydrolysis activity [14,15].

Fig. 4 shows that the ATP hydrolysis activity in-
creased slightly as the concentration of choline chlo-
ride increased. This stimulation of the ATPase activity
by Cl  was composed of only one saturable compo-
nent, which exhibited an apparent K, for CI™ of §
mM, and no lincar component was found (Table ).
The V,,/V,.. valuc was determined to be approx. 4
(Table 1D, indicating that the H*-ATPase is not af-
fected substantially by incrcasing the concentration of
Cl. as in Fig. 4. Thereforc, neither the lincar nor
saturable componcent of Cl ~ stimulation of the vacuo-
lar acidification, which has a V, /V,  value of (1.8-1,
was attributable to the €l stimulation of the H'-
ATPase. Thus, we concluded that this stimulation of
the H ' -ATPase activity by CI was not related to any
mechanism of the Cl -stimulated formation of the
ApH.

Transport of radioactive chloride into the racuolar mem-
brane vesicles

The results shown above strongly suggested that Cl-
transport was required for the ATP-dependent acidifi-
cation of vacuolar membrance vesicles. To demonstrate
this possibility dircctly, we examined *"Cl° uptake by
the vacuolar membrane vesicles. Fig. 5 shows the
time-course of Cl° transport into the vesicles and its

o
s

ATPase activity (xmol/min/mg protein)
o o
b @

o
pre

0.0 . .
0 20 40

60 80 100
Choline chioride (mM)

Fig. 4. Effect of €1 on vacuolar H*-ATPasc activity. The ATP
hydrolysis activity of vacuolar membrane vesicles was determined in
the presence of virious concentrations of choline chloride.
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Fig. 5 Chioride uptake by the vacuolar membrane vesicles. The

vacuolar membrane vesicles were incubated with 50 mM K*C and

ATP-renenerating system, in the presence of 10 uM CCCP (¢) or in

the absence of CCCP (@), Bars indicate standard deviations (n = 4,
except that n = 2 at 30 s).

inhibition by a protonophore, CCCP, indicating that
the protonmotive force gencrated across the vacuolar
membrane drove active transport of chloride.

DIDS inhibits the linear component of Cl ~ transport

DIDS is a reagent known to change the anion per-
mcability of plant vacuolar membranes [20-22]. Yeast
vacuolar membrane vesicles were treated with varied
concentrations of DIDS for 3 h on ice, then their
activities of ATP hydrolysis and acidification were de-
termined (Fig. 6): treatment with 10-50 M DIDS
reduced both activities significantly. We then com-
parcd the acidification activity of the DIDS-treated
vesicles in the presence of 25 mM choline chloride and
found that the Cl~ stimulation on acidification was
also inhibited by treatment with DIDS. Stimulation of
about i.6-fold was observed with DIDS-untreated vesi-
cles. whereas it was less than 1.3-fold with the DIDS-
treated vesicles (Fig. 6). This result indicates that DIDS
partially inhibited the ClI° stimulation of ApH forma-
tion.

The kinctic cffect of ClI™ on acidification of the
DIDS-treated vesicles (20 xM) is also shown in Fig. 3
(open circles). Computer analysis of the data revealed
that this stimulation was composed of only one sat-
urable component. An apparent K, for Cl~ was de-
termined to be 19.3 mM, and V,,/V,,,, was 0.89. These
values were consistent with the kinetic parameters of
the saturable component of Cl~ stimulation observed
with vesicles not treated by DIDS. We suggest there-
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Fig. 6. Effect of DIDS on H*-ATPase and acidification activities of
the vacuolar membrane vesicles. The vacuolar membrane vesicles
were treated with various concentrations of DIDS in 5 mM Mes-Tris
(pH 7.2). 0.4 M sucrose for 3 h on ice. The initial rates of quenching
of quinacrine uptake were determined in the presence of 25 mM
choline chloride (©) and in the absence of choline chloride (®). The
H*-ATPase activity of the DIDS-treated vesicles is shown by closed
squares.

fore that DIDS affected the linear but not the sat-
urable component of CI~ transport. The fact that the
linear component of Cl~ transport is inhibited by DIDS
strongly suggests that it is not a simple diffusion pro-
cess due simply to leakiness of the lipid bilayer mem-
brane for chloride.

Discussion

An interior acidic environment in the yeast vacuole
is important for such vacuolar functions as storage and
digestion. We examined acidification inside the puri-
fied vacuolar membrane vesicles of yeast, which have
previously been shown to be essentially free from con-
tamination of mitochondria and other organelles [5,8].
Four main results are described in this paper. (1)
Acidification inside the vesicles was stimulated,
whereas membrane potential was decreased, in the
presence of increased concentrations of chloride. (2)
The vacuolar membrane H*-ATPase activity was nei-
ther stimulated nor inhibited significantly by the pres-
ence of Cl™. (These two results, taken together, indi-
cate that transport of chloride across the membrane is
a prerequisite for acidification inside the vesicles.) (3)
In fact, the vacuolar membrane vesicles took up *Cl~
and this transport was driven by the protonmotive
force. (4) Two components for Cl™ transport were
detected kinetically, which showed different sensitivi-
ties for the inhibitor DIDS.
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Our previous studies [5,14,15] have shown that vac-
uolar actdification in yeast cells is regulated by proton
influx, driven by the vacuolar membrane H*-ATPasc.
This raises the question of how this proton transport
establishes acidification inside the vacuole. Vacuoles
arc a storage compartment for various solutes, includ-
ing basic amino acids and polyphosphates [2.12,13].
These solutcs behave as buffers for proton, thus a large
proportion of translocated protons are buffered with
these solutes and less would remain as active free
protons in the lumen of vacuoles. While electric charges
of protons are translocated into the vacuolar lumen, a
membrane potential is generated. This clectro-osmotic
event, in principle, must result in the formation of a
large membrane potential, with only a small pH gradi-
ent across the vacuolar membrane.

We investigated the mechanisms involved in dissi-
pating the membrane potential generated by H”
tran:location across the vacuolar membrane. We con-
clude that anion transport across the vacuolar mem-
brane plays an essential role in establishing and main-
taining the vacuolar acidification. First, the formation
of ApH was stimulated whereas the interior-positive
membrane potential is reduced by the presence of
chloride. Second, transport of chloride into the vesicles
takes place during the acidification inside the vesicles.
We have focused on the effects of chloride, even
though nitrate and thiocyanate stimulated acidification
as well, because thiocyanate is an unphysiological an-
ion and nitrate is a potent inhibitor for V-type ATP-
ases [3,6]. Kane et al. [24] reported that subunits of the
yeast vacuolar membrane H*-ATPase dissociate from
the membranc in the presence of high concentrations
of chaotropic anions, including nitrate. Phosphate ions
may also participate in vacuolar acidification, as this
anion is known to be dynamically compartmentalized
between the cytosol and the vacuole [2,4,23]. However,
we did not examine the effect of phosphate in this
study because the substantial buffering capacity of
phosphate anions around neutral pH makes it difficult
to assess acidification inside the vesicles with pH
probes, such as quinacrine and chloroquine.

Vacuolar acidification profiles did not show any
obvious difference in the presence of different salts,
including KCI, NaCl, LiCl and choline chloride. This
indicates that Cl~ plays a major role in the stimulation
of the acidification. However, specific cations slightly
affect the rate of dissipation of the membrane poten-
tial. In the presence of KCl or NaCl, the hyperpolar-
ized state was not apparent, whereas in the presence of
choline chloride, a large membrane potential was
formed immediately after the addition of ATP, fol-
lowed by slow dissipation to the steady-state level (see
Fig. 2, lower part). We have previously described the
properties of a membrane potential-dependent cation
channel in the yeast vacuolar membrane [25]. This
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channel has a broad sclectivity for monovalent cations
including K. Na', Li". but not for cholinc. The
different cffect of choline chioride on the membrane
potential suggests that a monovalent cation flux through
the channel may partly contribute to the process of
dissipating the membrane potential.

Our kinetic analyses (Fig. 3) have revealed the exis-
tence of two components for C17 stimulation on acid-
tfication. Furthermore, these two components show
different sensitivities for DIDS. W hypothesize from
these obscrvations that two separate Cl™ transport
systems are involved in acidification: the saturable
component may rcpresent the activity of a carrier-type
transport system that has an apparent K, for ClI°
around 26 mM, and the lincar one may be duc to the
activity of a channcl-type system that is sensitive for
DIDS. This model should be examined further for a
understanding of the molecular mechanisms of vacuo-
lar acidification.

Rothman ¢t al. [26] have reported that some muta-
tions affecting the process of vacuolar protein sorting
(rps mutations) result in defects in vacuolar acidifica-
tion. We suggest that the mutations not only on struc-
tural or regulatory genes for the H*-ATPasc but also
on those for Cl  transport systems may cause defects
in vacuolar acidification, since substantial acidification
inside the vacuole requires both H* and C1~ transport,
as shown here. Recently, Preston et al. [27] have devel-
oped an in vivo assay for pH in yeast vacuoles using a
fluorescent pH-sensitive dye and microscope. They have
also reported that vacuoles in the pepl2 mutant main-
tain ncarly normal pH. but fail to accumulate
quinacrinc. They suggested that this phenotype results
from a decreased capacity for proton accumulation
inside the vacuoles. We propose that there are two
transport systems for Cl~ in the vacuole. Thus, muta-
tion in onc of the Cl~ transport systems may show a
partial acidification defect, like that seen in the pepl2
mutation.

Eukaryotic cells have acquired at least two physio-
logical mechanisms in order to control organelle-cyto-
sol interaction for establishing acidic organelle com-
partments. In mammalian endosomes, cations move
from the lumen out into the cytosol during ATP-de-
pendent acidification [19,28]. In plant vacuoles [20-
22,29] and the Golgi apparatus in mammalian cells
[30], anion flux takes place during ATP-dependent
acidification. OQur investigation shows that yeast vac-
uoles, like plant vacuoles, use anion transport for con-
version of the A¥ into the ApH.
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