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Discovery of Vacuolar ATPase in Yeast and the VMAT protozyme

Yasuhiro Anraky

Department of Biological Sciences, Graduate School of Science,
University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

The vacuolar H*-ATPase of the yeast Saccharomyces cerevisiae is the first member
of a well defined “V-type” ATPase and a DCCD-sensitive electrogenic proton pump
that upon ATP hydrolysis generates a protonmotive force of 180mV, inside positive
and acidic, across the vacuolar membrane vesicles. The V-type ATPases
characterized thus far are multisubunit complexes composed of an integral
membrane Vo sector and a peripnerally associated V1 sector with similar subunit
compositions and conserved functional motifs. Current biochemical and genetic
studies havs revealed that the yeast enzyme consists of at least 13 subunits with six
composing the V1 sector, with five composing the Yo sector and two composing a
V1-Vo jurclion core. All the VMA genes encoding these subunits are summarized in
Table 1. Our studies on deletion mutants of the VMA genes for major subunits of the
enzyme have shown that the mutants exhibit commen, characteristic growth
phenotypes (calcium sensitivity, inability of growing on non-fermentable carbon
sources, and pH-sensitivity), most of which are specifically related to Vma defects
(loss of vacuolar H'-ATPase activity and vacuolar acidification in vivo; JBC 266:
13971). With the use of these genetic screens and biochemicai assays, our and
Stevens groups have identified additional six VMA genes that are involved in
expression of the enzyme activity and required for assembly of the complex (Table i
). Recently, we fcund that a nuil VMA16 mutant was defective in vacuolar
acidification in vivo and that the isoiated mutant vacuolar membranes contained
none of the V-ATPase subunits. Thus, Vma16p, a homologue of Vma3p and
Vmatip, is essential for expressicn of the enzyme activity. Based on these newest
knowledge oi the VMA gene products, the structure, assembly, and regulation of the
H'-ATPase wiil be described in detail.

in 1990, we found that the VMAT locus in Saccharomyces cerevisiae contains a
nested genetic element, the VDE gene, and expresses two functional proteins
(JBC.265:6726). A single VMAT translational product catalyzes a self protein
splicing in which an internal domain is excised out to produce the 50 kDa site-
specific DNA endonuclease and the N- and C-domains are ligated by a
transpeptidation reaction to yield the 69 kDa catalytic subunit of the vacuolar
ATPase (Fig.1). Successive biochemical and immunochemical studies have
shown characteristic features of the VMAT translational product: 1) The cis
elements that are needed for initiating a self splicing reaction largely reside within
the sequence of the VDE domain; 2) The site-specific transpeptidation /cleavage
reaction at the N-terminal splice site Gly283-Cys284 is followed by concomitant
hydrolysis at the C-terminal splice site Asn737-Cys738 to produce the mature
Vmal protein; 3) The VDE domain in the translational product exhibits self
splicing activity only in a nested form and liberates as an active form of the DNA
endonuclease after a single turn of autocatalysis; 4) Thus, the VMAT translational
product is a protozyme (for protos en zymeg) that catalyzes a novel self protein
splicing reaction (Anraku and Hirata (1994) J.Biochem 115:175). Gimble and
Thorner (Nature (1992) 357:301) have reported definite devidence for homing of
the VDE gene to the exact cleavage site of VMATAvde allele. This site-specific
gene conversion takes place in meiotic process, providing the first example that a
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selfish genetic element, the VDE gene, can home in unidirectionally to a specific
chromosomal locus with a mechanism not identical to homing of a group 1 intron.
The concept and function of the VMAT protozyme in self protein splicing and in
selfish gene homing will be discussed in details.

Table I. The family of the VMA/VPH genes that are indispensable for vacuolar
acidification and expression of the vacuolar H*-ATPase activity in S. cerevisiae

Gene Mr (kDa) Function Reference

A. Gene encoding a peripheral subunit of the V1 sector
VMA1 69 catalytic Hirata R et al (1990) JBC 265:6726
VMA2 60 regulatory Yamashiro CT et al (1990) MCB 10:3737
VMA13 54 regulatory Ho MN et al {1993) JBiC 268:18286
VMAS 42 structural Ho MN et al (1993) JBC 268:221
VMAS 32 regulatory Nelson H et al (1995) PNAS USA 92:497
VMA4 27 structural Foury F (1990) JBIC 265:18554

B. Gene encoding an integral subunit of the Vo sector
VMA10 13 unknown Supekova L et al (1995) JBC 270:13726

VMA3 17 proton charnel Umemoto N et al (1990) JBC 265:18447

VMA11 17 proton channel Umemoto N et al (1991) JBC 266:24526

VMA16 23 proton channel Anraku et al., in preparation

VPH1 100 structural Manolson MF et al(1992) JBC 267:14294
C. Gene encoding a V1-Vo junction core

VMA6 36 bridging V1 to Vo Bauerle C et al (1993) JBC 268:12749

VMA7 14 Dbridging V1 to Vo Nelson H et al (1994) JBC 269:24150
D. Gene encoding a polypeptide required for expression of the activity and

assembly of the compiex

VMA12* 25 assembly, in Vac. Hirata R et al (1993) JBC 268:961

VMA14 140 assembly, in Cytc. Anraku Y et al., in preparation

VMA15* 60 regulatory, in Cyto. Anraku Y et al., in preparation

VMA21 8.5 assembly,in ER  Hill KJ et al (1994) MBC 5:1039

VMA22 unknown Stevens TH et al.,in preparation

VMAZ23 unknown Stevens TH et al.,in preparation

*VMA12 = VPH2; VMA15 = CDC55

Fig.1. The 120 kDaVMA1protozyme is converted by a self protein splicing reaction
to the 69 kDa Vma1 protein (open box) and the 50 kDa VDE protein (hatched box).
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