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Abstract

The A subunit of the yeast vacuolar ATPasc contains three highly conserved cysteines: Cys-261, Cys-284, and Cys-538.
Cys-261 is located within the nucleotide-binding P-loop. Each of the conserved cysteines, and one nonconserved cysteine,
Cys-254, were altered to serine by site-directed mutagenesis, and the effects on growth at pH 7.5 were determined. The
Cys-254 — Ser, Cys-261 — Ser and the double mutants all grew at pH 7.5 and contained nitrate- and bafilomycin-sensitive
ATPase activity. However, the ATPase activities of the Cys-261 — Ser and the double mutants were insensitive to the sulfhydryl
group inhibitor, N-ethylmaleimide, demonstrating that Cys-261 is the site of inhibition by N-ethylmaleimide. Changing either
Cys-284 or Cys-538 to serine prevented growth at pH 7.5. Cys-284 and Cys-338 thus appear to be essential cysteine residues

which are required either for assembly or catalysis.
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1. Introduction

Eukaryotic vacuolar-type (V-type) H*-ATPases are
closely related to the archaebacterial plasma mem-
brane ATPases (A-ATPases) and more distantly re-
lated to the F-type H'-ATPases of mitochondria,
chloroplasts and eubacteria [1-3]. The catalytic sub-
units of the three types of H*-ATPases share a number
of highly conserved regions, including the GX ,GK(T /
S) motif first identified by Walker et al. in a variety of
nucleotide-binding proteins [4]. The V-type and A-type
H*-ATPases can be distinguished from the F-ATPases
by the presence of the ‘nonhomologous region’ in the
former, which extends the length of the catalytic sub-
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unit by about ninety amino acids [2,5]. The V-ATPases
can be further distinguished from the F-type H™'-
ATPases by the presence of three highly conserved
cysteine residues in the catalytic subunit. The first
occurs next to the GKT portion of the nucleotide-bind-
ing motif. This position (Cys-261 in yeast) is occupied
by a serine in the A-ATPases and a valine in the
F-ATPases. The second conserved cysteine (Cys-284 in
veast) is located immediately downstream from the
glycine-rich nucleotide-binding loop, adjacent to a re-
gion containing the homologues to the DCCD-binding
glutamic acid residues of F-ATPase B-subunits [6]. The
equivalent of Cys-284 is present in all eukaryotic and
archaebacterial A subunits and is thus the most highly
conserved of the three cysteine residues. This position
is occupied by a valine in the F-ATPases. The third
conserved cysteine occurs toward the carboxy-terminus
(Cys-538 in yeast). The equivalent cysteine is present in
all eukaryotic V-ATPases and in some archaebacterial
ATPases. Archaebacteria lacking this cysteine have a
serine at this position.

Little is known about the role of the conserved
cysteines in regulating V-ATPase enzyme activity. Feng
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and Forgac [7] provided evidence that Cys-254 of the
bovine clathrin-coated wvesicle ATPase A subunit
(equivalent to Cys-261 in yeast) may be the site of
N-ethylmaleimide (NEM) inhibition, although their la-
beling studies did not distinguish between Cys-254 and
Cys-240. They also proposed that Cys-254 may regulate
activity in vivo by forming an intramolecular disulfide
bond to a second, unidentified cysteine [8]. However, it
is not even known whether bovine Cys-254 is required
for enzyme function. To determine whether the con-
served cysteines of the A subunit are required for
functional V-ATPase activity, we carried out the fol-
lowing mutations in yeast: Cys-261 — Ser, Cys-284 —
Ser and Cys-538 — Ser. In addition, a mutation in a
nonconserved cysteine (Cys-254 — Ser) and a double
mutant (Cys-254 /Cys-261 — Ser) were constructed.
The results suggest that Cys-284 and Cys-538 are the
only essential cysteines of the A subunit, and that
Cys-261 is the inhibitory binding site for N-ethylmalei-
mide. The essentiality of Cys-284 for enzyme function
may also have implications for the precise location of
the splice sites during protein processing of the imma-
ture polypeptide [9,10].

2. Materials and methods
2.1. Yeast strains

The Saccharomyces cerevisiae haploid strain used in
this study was W303-1B (MATa, leu2 his3 ade2 trpl
ura3). The null mutant (LEU2::VMAI) for the gene
encoding the catalytic subunit, VMAI (VATI), was gen-
erated as previously described [11].

2.2. Construction and analysis of cysteine mutants

The DNA fragment encoding subunit A was engi-
neered to eliminate the ‘spacer domain’ as previously
described [11]. The resulting gene, cloned into the
BamHI and Ndel sites of the shuttle vector YPN2 [12],
complemented the null mutant LEU2::VMAIL, and its
product is identical to those described before [10,13].
Prior to site-directed mutagenesis, the first and third
EcoRI sites in the reading frame were abolished by
site-directed mutagenesis without changing the amino
acid sequences. The mutations were generated by PCR
using the overlap extension method as previously de-
scribed [12]. Two separate PCR reactions were carried
out, and the products were joined by a third PCR
reaction using the two outside primers. The Cys-254
and Cys-261 — Ser mutations were introduced as fol-
lows. The outside primer at the 5" end was 5-CGTTT-
TTGAGAACTCGCTAATTTCAAG-3' and the out-
side primer at the 3’ end was 5-CTCTGGCTGCAAC-
CGGCATGTTA-3". The inside primers which intro-

duced the Cys-254 — Ser mutation were 5-GGTG-
GTACGACATCTATTCCAGGTGC-3" and 5'-GCAC-
CTGGAATAGATGTCGTACCACC-3'. The inside
primers which introduced the Cys-261 — Ser mutation
were 5-GGTGCTTTTGGTTCTGGTAAGACCGT-3'
and 5-ACGGTCTTACCAGAACCAAAAGCACC-3'.
For both sets of inside primers, the former paired with
the 5 outside primer and the latter paired with the 3
outside primer. The product of the final reaction using
the two outside primers was digested with EcoRI and
Prull, and the 0.32 kb DNA fragment was cloned into
the unique EcoRI and Poull restriction sites of the
control plasmid.

The Cys-284 — Ser mutation was generated simi-
larly, except that the two outside primers were: 5'-
TGAGCCAATTTCTTGTCTAAACC-3" and 5-TAG-
GACTATCAAGTGGCA-3" for the 5 and 3’ ends,
respectively. The two inside primers that introduced
the mutation were: 5-ATCTATGTCGGGTCCG-
GAGAAAGAGGT-3 and 5-ACCTCTTTCTCCG-
GACCCGACATAGAT-3', the former pairing with the
5" primer and the latter pairing with the 3" primer. The
final product was digested with EcoRI and Bell and
cloned into the control plasmid cut with the same
enzymes.

The double mutant casette (Cys-254 /Cys-261 — Ser)
was obtained by a single PCR reaction using two large
primers. The left primer was 5-CACATCTATTC-
CAGGTGCTTTTGGTTCTGGTAAGACCGTTATC-
TCTCAATCTTTGTCCAAGTACTCG-3 and the
right primer was 5-AATTCGAGTACTTGGAG-
AAAGATTGAGAGATAACGGTCTTACCAGAAC-
CAAAAGCACCTGGAATAGATGTGGTAC-3'. The
product was digested with EcoRI and Poull and cloned
into the unique EcoRI and Poull restriction sites of
the control plasmid as above.

The Cys-538 — Ser mutation was generated by a
modification of the overlap extension method which
eliminated one of the PCR steps [14]. The first PCR
reaction introduced the mutation into a 700 bp frag-
ment. The left primer, 5-GGCAGAAGTCTTGATG-
GAATTCCCAG-3' contained the EcoRI site, while
the right primer, 5-CTTCCAAATTGGAGAGAAAG-
C-3' introduced the Cys to Ser mutation at the indi-
cated site. This fragment was used as the left primer
for the second PCR reaction, using the following right
primer: 5-ATATCATATGCATACTAATCTCA-
GGG-3', which included the Ndel restriction site. Be-
cause of the large size of the left primer, a longer
annealing period was utilized in the PCR cycle, as
follows: 1 min, 94°C (melting); 15 min, 45°C (annealing);
2 min, 72°C (extension); 30 cycles. The final product
(1.1 kb) was digested with EcoRI and Ndel and ligated
into the plasmid cut with EcoRI and Ndel.

All of the Cys — Ser mutations were confirmed by
sequencing. No other mutations were detected in the






