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l. INTRODUCTION

Yeast vacuoles are currently believed to possess

trangnart quct far ha cide Qin
uauoyult Sy si€ms IOor basiC amind acias \1]01“\/, ar-

ginine, etc) [1], nitrogenous bases [2], K+, MgZ+
and orthophosphate [3]. The energization of the
transport of these compounds across the vacuolar
membrane needs further investigation. It is postu-
lated that a H*-ATPase is involved in the trans-
port energization [1]. Though yeast vacuoles have
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AT
ss ATPase activity [4],
neither the pH-optimum nor the substrate speci-
ficity have been determined so far. In view of this,
as well as of the existence of various phospho-
hydrolases in vacuoles [5], the presence of a specif-
ic ATPase in these organelles remains unproved.
Still, if an ATPase is present in yeast vacuoles, it is

')ccnnnofnr‘ with memhraneg r‘] We hqvn recently
ssociated wilnn memoranes {V]. YL Llave ivliiiu

shown [7] that the vacuolar ATPase activity differs
from the plasmalemma ATPase activity since it is
not inhibited by orthovanadate. But the two en-
zymes are similar in other characteristics: they
both have a pH optimum of 6.5 and are insensitive
to oligomycin and azide.

The present paper deals with the properties of
the solubilized and partially purified vacuolar
ATPase and demonstrates that this enzyme is dif-
ferent from ATPases of other yeast organelles.

2. MATERIALS AND METHODS

Yeast Saccharomyces carlshergensis IBPhM-366
was grown as prev1ously described [3]. Sphero-
plasts and vacuoles were isolated according to [8]

and (7], respectively. To solubilize the vacuolar
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ATPase, the suspension of organelles in 0.1 M sor-
bitol and 10 mM Na—citrate buffer (pH 6.8), was
mixed with the same volume of the solution con-
taiﬂiﬂg' 20% 1]\.61\}1, 10 mM Tris—HCl \}JH 7.5 J},
1 mM EDTA~Naj, 2 mM dithiothreitol, 0.5 mM
phenylmethylsulfonyl fluoride and zwitterionic de-
tergent TM-314 (1 mg/mg protein). Solubilized
proteins were centrifuged for 16 h in a continuous
glycerol gradient (20—40%) at 37000 rev./min
(Beckman rotor SW-41). Protein was estimated ac-

rdin all Atha al athades wara
\.Uluuls to l/]’ ali other aucu]u»al meinoas were

described in [7].

3. RESULTS AND DISCUSSION

According to the results presented in table 1
(column A) vacuoles contain enzymes which hy-

Specific phosnhohvdrolase activities of the isolat
Specific phosphohydrolase activities solated
vacuoles and partially purified ATPase

Substrate Specific activities

A B

Vacuoles combined

(%) fractions 4—6, fig.1
ATP 100%2 100%®
GTP 210 53
uTp 250 41
CcTP 180 25
ADP 18 0
AMP 2i 0

2 100% corresponds to 400 mU/mg.
b 100% corresponds to 1700 mU/mg.
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Fig.1. (A) Distribution of protein (dotted area) and al-

kaline phospatase (hatched area) after solubilization

and glycerol gradient centrifugation. (B) ATPase activity
(empty area) and GTPase activity (hatched area).

drolyze both ATP and other nucleoside triphos-
phates. Neither these findings nor the data of
Wiemken et al. support ‘the presence of a high
specific activity of Mg2+ dependent ATPase’ [5].
However, the experiments on the solubilization
and partial purification of the vacuolar ATPase
demonstrate that the vacuoles contain a specific
ATPase. By glycerol gradient centrifugation, the
solubilized ATPase is almost completely purified
from alkaline phosphatase and, partially, from
GTPase (fig.1).

The specific activity of the ATPase (fractions 4—
6); (table 1, column B) increases 4-fold, whereas
this is not the case with GTPase, UTPase and
CTPase. The ATPase does not hydrolyze AMP,
ADP, pyro- or polyphosphates. On the other hand,
fractions 8 and 9 exhibit pyro- and polyphospha-
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Fig.2. pH-dependence of the solubilized ATPase
(fractions 4—6, fig.1).
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Fig.3. The effect of diethylstilbestrol (A) and di-

cylclohexyicarbodiimide (B) on the solubilized ATPase

activity (fractions 4—6, fig.1). DESB = diethylstil-
bestrol; DCCD = dicyclohexylcarbodiimide.
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Table 2

Specific activities of the ATPase (pH 6.5) and a-man-
nosidase (mU/mg protein) at different steps of the ATP-
ase purification

Enzyme Spheroplast Isolated Fractions
lysate?  vacuoles 4—6

ATPase 12 400 1700
a-mannosidase 0.63 48 not done

2 The ATPase was assayed in the presence of 5 mM
NaNj and 50 uM Na3VOy

tase activities. The specific activities of pyrophos-
phatase in these two fractions are 1140 and 1380
mU/mg protein, and those of polyphosphatase are
1400 and 1100 mU/mg protein, respectively.

The second glycerol gradient centrifugation
leads to a further purification of the ATPase so
that the specific activity of the GTPase drops to
30% of that of the ATPase (data not shown).

The solubilized ATPase (fractions 46, fig.1)
has a pH-optimum of 6.0 (fig.2). It is effectively in-
hibited by diethylstilbestrol and dicyclohexyl car-
bodiimide (fig.3) and is not sensitive to orthovana-
date (data not shown).

The insensitivity of the vacuolar ATPase to
orthovanadate and azide may be used to dis-
tinguish vacuolar membranes from plasmalemma
or mitochondria. Noteworthy is that the vacuolar
ATPase may serve as a marker enzyme of vacuolar
membranes due to its insensitivity to orthovana-
date, oligomycin or azide at pH 6.0—6.5. Both the
ATPase and a-mannosidase specific activities [5]
increase as a result of the isolation of vacuoles
(table 2). The ATPase sensitive to orthovanadate
and insensitive to azide or oligomycin may be used
as a marker enzyme of plasma membranes.
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NOTE ADDED

While this work was in preparation, the excel-
lent paper of Y. Anraku’s group was published [Y.
Kakinuma et al. (1981), J. Biol. Chem. 256,
10859-10863). The authors demonstrated the
ATP-dependent formation of an electrochemical
potential difference of protons in right-side-out
vacuolar membrane vesicles. However, they failed
to determine whether the specific ATPase or nu-
cleoside triphosphatase create this gradient.
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