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The partial DNA sequences of two unidentified genes flanking the gene for the large subunit of ribulose
bisphosphate carboxylase of Chlamydomonas reinhardii have been reported [(1982) J. Mol. Biol. 162, 775~
793]. Based on a comparison of the derived amino acid sequence of one of these genes with the cor-
responding sequences from Nicotiana tabacum chloroplast DNA and the E. coli atp (unc) operon, one Chia-
mydomonas gene is identified as coding for the a-subunit of the ATP synthase complex.
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1. INTRODUCTION

The chloroplast ATP synthase complex is com-
posed of an intrinsic thylakoid membrane domain
(CFo), and an extrinsic domain located on the
stromal surface of the thylakoids (CF;). Like its
mitochondrial and bacterial counterparts, the
CFo—CF, complex catalyzes the synthesis of ATP
in response to a proton flux across the photosyn-
thetic membranes. The chloroplast ATP synthase
consists of at least 8 polypeptides, including 3 CF,
components designated I-III, and 5 CF; com-
ponents designated a—¢ [1-2]. In spinach
chloroplasts, three of the CF; subunits (a, &, and
¢) and two CF, subunits (polypeptides I and III)
are encoded in the plastid DNA and synthesized on
chloroplast ribosomes. The other subunits are en-
coded in the nucleus, translated in the cytoplasm
and, transported into the organelle for processing
and assembly [3].

Recently the chloroplast genes for 4 different
ATP synthase subunits have been identified in
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higher plant chloroplast genomes and sequenced.
These include the atpBE locus (for nomenclature
see [4]) for the CF; polypeptides & and ¢ of
spinach, maize, tobacco, and barley [5-8], the
atpA locus for the CF; a-polypeptide of tobacco
[9], and the atpH locus for the DCCD-binding pro-
teolipid (subunit III) of CF, from wheat and
spinach [10,11]. By comparison of this published
data to a sequenced, but unidentified region of the
Chlamydomonas reinhardii chioroplast DNA [12],
it has been possible to identify the amino terminus
and first 112 codons of the gene for the a-subunit
of the CF; component of the ATP synthase
complex.

2. MATERIALS AND METHODS

DNA sequences were retrieved from the Los
Alamos DNA sequence data base via a com-
munications link, and manipulated with the com-
puter programs for the IBM-PC described in [13].
Homologies were detected by visual alignment of
amino acid sequences, as well as with the computer
program PROTPLOT and the IBM-PC computer
[14].
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3. RESULTS AND DISCUSSION

Authors in [12] reported the sequence of
4037 bp of DNA from EcoRI fragment R15 of C.
reinhardii chloroplast DNA. These data included
the rbcL gene which encodes the large subunit of
ribulose-1,5-bisphosphate carboxylase, and two
unidentified flanking genes. One of these genes,
designated the x-gene, was of opposite polarity to
rbcL, arranged in a 5'- to 5’-orientation in terms
of the direction of transcription. The x-gene gave
rise to a transcript of 2.4 kb as detected by RNA
blot hybridization [12]. The second gene, termed
the y-gene, was arranged 3’'- to 3'- to rbcL, and
had a 2.2 kb transcript. When the derived amino
acid sequence of the x-gene was compared to other
known chloroplast genes, it was apparent that it
had a very high homology to the atpA gene of
Nicotiana tabacum chloroplast DNA [9], and also
the gene for the a-subunit of the Escherichia coli
ATP synthase from the atp (unc) operon [15,16].
A comparison of the amino terminal 112 amino
acids of these 3 genes is shown in fig.1.

The derived amino acid sequence from 112
codons of the x-gene is identical in 72 positions to
the N. tabacum atpA locus. This is a homology of
64%. The same x-gene region has 42% homology
(47 of 112 codons) to the E. coli gene for the -
subunit of the ATP-synthase. The 40 amino acid
substitutions out of 380 possibilities that are
known to occur with a higher than average fre-
quency in homologous proteins have been
tabulated [19]. If these are counted in addition to
identical amino acids, then the x-gene has
homologies of 86 and 63%, respectively, to the N.
tabacum chloroplast atpA gene and the E. coli a-
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subunit gene (not shown). Since the N. tabacum
and E. coli amino acid sequences for the 112 amino
terminal residues are only 44% identical (49 of 112
codons) and 68% homologous if frequent amino
acid substitutions are considered, and this
homology was the primary basis for identification
of the N. tabacum gene [9], the assignment of the
x-gene of C. reinhardii chloroplast DNA as atpA
based solely on a comparison of these amino acid
homologies is justifiable.

The ATG initiator codons of the C. reinhardii
rbcll and atpA genes are separated by a spacer
region of 854 bp [12]. The 50 bp preceding the
start codon are very AT-rich (92%), and contain
no obvious ribosome binding site. It is noteworthy
that in many higher plant chloroplast genomes, the
rbcl. gene is organized in a similar 5’- to
5'-fashion, but with the gene for the & subunit of
the ATP synthase, atpB [5-7].

Since only 112 amino terminal codons of atpA
are present on the EcoRI fragment R15, unless in-
trons are present, the remainder of the gene must
be on the adjacent fragment, R7 [12]. There have
been two reports citing this fragment (but not R15)
as the probable locus for atpA. It was found [17]
that R7 yielded a polypeptide which could be im-
munoprecipitated with a mixed antibody to «- and
F-subunits following in vitro transcription and
translation of cloned R7. Authors in [18] detected
heterologous hybridization with a spinach atpA
derived DNA sequence to this same EcoRI frag-
ment. Therefore these two observations have been
confirmed and extended. It is now possible to iden-
tify R15 as the coding site for the atpA amino ter-
minus, and to describe the exact location, polarity,
and partial amino acid sequence of the atpA gene.
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Fig.1. Comparison of the amino terminal sequences of the o subunit of the ATP synthase of N. tabacum (top), C.
reinhardii (middle), and E. coli (bottom). The N. tabacum sequence is from [9], and the E. coli sequence from [15,16].
The C. reinhardii atpA amino acid sequence is from the x-gene reported by authors in [12], with 26 additional codons
added at the amino terminus from their published DNA sequence. The boxed areas contain amino acids shared in
common by 2 or 3 of the sequences. Of 112 amino acids compared, 37 are shared in common by all 3 polypeptides.
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