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The yeast Saccharomyces cerevisiae serves as an ex-
cellent model for the study of the structure and function
of proteins. Numerous amino acid substitutions in the
proteolipid subunit of yeast vacuolar H*-ATPase have
been reported. Suppressed variants for several of the
inactive mutants were selected after subjecting them to
chemical or polymerase chain reaction mutagenesis and
screening for second site suppressors. Suppressors for
the mutation GIn® to Lys change were intragenic and
resulted from the changes: Ala!4 to Val, Val™ to Ile, lle® to
Leu, and Ile®? to Met. These residues are found on three
different transmembrane segments but presumably at
the same surface of the membrane. A new inactive pro-
teolipid mutation was constructed by changing Val'* to
Leu. This residue is situated in the middle of the fourth
transmembrane segment, neighboring Glu'* which is
the potential dicyclohexylcarbodiimide-binding site.
The intragenic suppressor mutations for the above
amino acid replacement resulted in changes of Val® to
Ala, Met® to Val, or Ile'* to Thr. These residues are found
in the second and fourth transmembrane segments, pre-
sumably on the same interface. It seems as if all those
internal suppressor mutations compensate for the vol-
ume changes caused by the original displacement of the
given amino acid. Five glycine residues, situated on the
same face of the third transmembrane helix, were
changed to valine and all these mutants were inactive. A
suppressor mutation to one of those mutants (Gly'?! to
Val) was identified as substitution of Ile!* to Val. The
structural and functional implications of these findings
are discussed.

Vacuolar H*-ATPase (V-ATPase)! energizes organelles of the
vacuolar system in every known eukaryotic cell (1-4). The en-
zyme generates protonmotive force at the expense of ATP and
functions as an ATP-dependent proton pump. The enzyme is
composed of two distinct parts, a catalytic sector which func-
tions in ATP hydrolysis and a membrane sector which functions
in proton conduction across the membrane (2, 5-7). Each of
these sectors is composed of several subunits necessary for the
function and proper assembly of the enzyme (8-11). The prin-
cipal subunit of the membrane sector is a highly hydrophobic
protein (proteolipid) of about 16 kDa that binds DCCD. The
binding of DCCD causes inhibition of proton pumping and
ATPase activities of the enzyme and was implicated as a nec-
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essary component for proton transport across the membrane
(12~17). Comparison of the amino acid sequences of the proteo-
lipids from yeast and mammalian sources suggested that the
proteolipid is the most conserved hydrophobic protein known so
far (15, 18). The assembly and membrane topography of the
proteolipid are not known. Since the proteolipid is inserted into
the membrane without the aid of a cleavable signal sequence, it
is not apparent to which side of the membrane its N and C
termini are facing. Because of the sequence and functional
similarities with the proteolipid of F-ATPases, it was proposed
that the N and C termini of the proteolipid are facing the lumen
side of the vacuolar system (4, 19).

Although plants and mammals may have two or three genes
encoding proteolipids of V-ATPases, Drosophila and yeast con-
tain a single gene encoding this protein (15, 16, 20, 21). Several
genes encoding V-ATPase subunits were cloned from yeast
genomic libraries (9, 15, 20, 22-24). With the exception of VPH1
and STVI that encode homologous proteins, all the genes en-
coding other subunits are present as a single copy in the yeast
genome (25). Disruption of each of these genes (except for VPH1
or STV1) gave an identical phenotype that cannot grow at a pH
higher than 7 and is sensitive to low and high calcium concen-
trations in the medium (20, 26). This phenotype opened the
door for site-directed mutagenesis studies. The assay for the
function of the mutated genes is performed by transforming the
interrupted mutants with plasmids containing intact or modi-
fied genes. Growth at pH 7.5 indicates the presence of a func-
tional gene. The proteolipid was the first subunit to be studied
by site-directed mutagenesis (27). This study indicated that the
proteolipid is quite sensitive to changes in its amino acids and
even some hydrophobic residues that were changed into similar
amino acids abolished the activity of the enzyme (27). The strict
conservation of amino acid sequences in potential transmem-
brane helices suggests tight contacts among the transmem-
brane segments necessary for activity of the enzyme. As an
initial step in understanding the membrane topography and
interaction of the proteolipid with other subunits, we initiated
a study of second site suppressors for an inactive mutant form
of the yeast proteolipid.

EXPERIMENTAL PROCEDURES

Yeast Strains and Analysis of Yeast Mutants—Saccharomyces cerevi-
siae strain W303-1B was used throughout this study. The haploid strain
was MATa, leu2, his3, ade2, trp1, ura3, and the corresponding dis-
ruptant mutants were NNY1l-vma3::LEU2, NNY12-Avma3::URA3,
NNY72-tfpl1::LEU2, NNY22-vma2:LEU2, NNY45-vmab::LEU2, in
which the genes encoding subunits ¢ (proteolipid), A, B, and C were
interrupted (20, 24, 29). The cells were grown in a YPD medium con-
taining 1% yeast extract, 2% bactopeptone, and 2% dextrose. The me-
dium was buffered by 50 mm Mes and 50 mm Mops, and the pH was
adjusted by NaOH (20, 27). Agar plates were prepared by the addition
of 2% agar to the YPD buffer medium at the given pH. Yeast transfor-
mation was performed as described previously (28), and the trans-
formed cells were grown on minimal plates containing a 0.67% yeast
nitrogen base, 2% dextrose, 2% agar, and the appropriate nutritional
requirements. In most experiments 0.1% casamino acids were added to
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