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IDENTIFICATION AND DNA SEQUENCE OF A NEW H*-ATPase IN THE UNICELLULAR
GREEN ALGA CHLAMYDOMONAS REINHARDTII (CHLOROPHYCEAE)!
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Insertional mutagenesis was used to identify genes
involved in mating and/or zygote formation in the
unicellular green alga Chlamydomonas reinhardtii Dan-
geard. Approximately 800 insertionally mutagenized
transformants were examined, and a single nonag
glutinating mutant was identified. Plasmid rescue was
used to clone a genomic fragment containing trans-
forming DNA. This fragment was then used to iden-
tify the wild-type copy of the gene disrupted during
mutagenesis. The wild-type gene is transcribed dur-
ing all stages of the life cycle and, based on sequence
similarity, encodes a P2-type proton transporting ATP-
ase. The gene is referred to as Pmhl for plasma
membrane H*-ATPase. PMHI displays the greatest
sequence similarity to ATPases from two parasitic
flagellates and a raphidophytic alga but not to the
ATPase from a closely related green alga. We pro-
pose that PMH]1 represents a distinct H'-ATPase iso-
form expressed in flagellates.
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The life cycle of the green alga Chlamydomonas rein-
hardiii has been described in the greatest molecular
detail of any of the unicellular algae. Under nutrient-
replete conditions, the haploid vegetative cells divide
mitotically and are unable to mate. In response to ni-
trogen starvation (Sager and Granick 1954) and in
the presence of light (Beck and Haring 1996), vegeta-
tive cells initiate gamete-specific gene expression (von
Gromoff and Beck 1993, Kurvari et al. 1998) and re-
versibly differentiate into gametes of either mating-
type plus (mt+) or mating-type minus (mt—). When
gametes of the opposite mating type are mixed, they
rapidly recognize one another and interact via recog-
nition glycoproteins known as agglutinins, located on
the surface of the flagella (Goodenough and Heuser
1999). This flagellar agglutination leads to a rise in
cAMP levels (Pasquale and Goodenough 1987), a
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shedding of cell walls, activation of mating structures,
and fusion of gametes to form diploid zygotes (re-
viewed in Goodenough et al. 1995). Within minutes
of zygote formation, zygote-specific gene expression is
initiated (Ferris and Goodenough 1987), required, in
part, for formation of the zygote cell wall (Woessner
and Goodenough 1989) and uniparental inheritance
of chloroplast genomes (Armbrust et al. 1993, Arm-
brust 1998). After an obligate period of dormancy,
during which time a wave of new gene expression oc-
curs (Wegener and Beck 1991), and on return to fa-
vorable conditions, zygotes undergo meiosis and ger-
mination to form four haploid meiotic progeny that
once again reproduce mitotically.

Differentiation from vegetative to gametic cells re-
quires activation of two general categories of genes:
those that are linked to the mating type locus and are
expressed exclusively in gametes (Gillham 1969) and
those that are unlinked to mating type but are also re-
quired for gametespecific traits (e.g. Campbell et al.
1995, Goodenough et al. 1995, Vallon and Wollman
1995). This latter category of genes has been identi-
fied through mutational analysis, but none of these
genes has been cloned and characterized at the mo-
lecular level. The goal of this study was to identify ad-
ditional mutations that prevented mt— gamete forma-
tion and/or the ability of mt— gametes to fuse with
mt+ gametes to form viable zygotes. The use of inser-
tional mutagenesis resulted in the identification of a
single mt— mutant that could not agglutinate with
mt+ gametes. A null mutation was created in a gene
encoding an H'-transporting ATPase, normally ex-
pressed throughout the life cycle of cells of both mat-
ing types. Vegetative cells that carry this mutation ap-
pear unaffected by the loss of the ATPase. This
ATPase is hypothesized to belong to a form of H*-ATP-
ases present in flagellated organisms.

MATERIALS AND METHODS

Strains and culture conditions. All products were purchased
from Fisher Scientfic (Atlanta, GA) unless stated otherwise.
Chiamydomonas reinhardtii strains CC620 (mt+) and CC621
(mt—) were maintained in constant light on Tris-acetate-phos-
phate (TAP) {(Gorman and Levine 1965) media solidified with






