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Gene bulletin

Recombination protein A gene, recA, from Spirulina platensis IAM-M135
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Abstract

We report the cloning and sequencing of the recA gene from Spirulina platensis. A genomic library of Spirulina
was constructed in pUC19 and screened by PCR using oligonucleotides corresponding to the conserved amino
acid sequences of Anabaena variabilis and Synechococcus RecA proteins. The Spirulina recA gene consists of an
open reading frame (ORF) of 1095 nucleotides encoding a protein (365 residues) which shares an identity of 79%,
70% and 57% with the RecA proteins of Anabaena variabilis, Synechococcus and Escherichia coli respectively.
The recA gene is located close to one end of the cloned BgllI fragment and has only 53 bp of 5' nucleotides. The
isolation of this gene has implications for the development of gene transfer system(s) for Spirulina.

Results and discussion

A single hybridising band of approximately 9.0 kbp
was obtained when BglII digested Spirulina platen-
sis genomic DNA was probed with a radioactively
labeled recA probe from Synechococcus. Genomic
DNA digested with BglII was ligated to BamHI digest-
ed pUC19. The clones were screened by carrying out
PCR with two consensus recA primers (A: 5' CTC-
CATGCGATCGCCGAAGT 3' and B: 5' GGTITG-
GATGCGGCGGATATCTA 3') which were based on
the conserved amino acid sequences LHAIAEV and
LDIRRIQT in the Anabaena variabilis and Syne-
chococcus RecA proteins. A putative clone containing
an insert of 9 kbp was obtained and automated DNA
sequencing initiated with the primers described above
resulted in the identification of an open reading frame
(ORF) of 1095 nucleotides followed by a stop codon.

The Spirulina recA gene is located towards one
end of the cloned BglII fragment (close to the SmaI
site in the pUC19 polylinker) and has only 53 bp of
DNA sequence upstream of the gene. A ribosome bind-
ing site having the typical bacterial ribosome binding

sequence of 5' AGGA 3' is located 14 bp upstream
of the start codon. A survey of E. coli a70-dependent
consensus promoters has confirmed the prevalence of
two consensus hexamer sequences upstream of the
transcription start sites at position +1: the sequence
TTGACA centred at 35 bp upstream (-35) and the
sequence TATAAT centred at 10 bp upstream (-10).
Although no base within either hexamer motif is invari-
ant among all promoters of the database, the first three
positions of the -35 element (TTGNNN) and three
positions in the -10 element (TANNNT) are con-
served in 80-90% of the promoters. Comparisons of
E. coli and cyanobacterial promoters have shown that
the most highly conserved nucleotides of the E. coli
-10 hexamer (TANNNT) are conserved in >70% of
the cyanobacterial sequences (Curtis & Martin, 1995).
The Spirulina recA gene has a sequence similar to the
- 10 conserved sequence at 50 bp upstream of the start
codon. This sequence TATIT matches the consen-
sus -10 element in three of the most important posi-
tions. Thus the cloned Spirulina recA gene lacks a -35
sequence and this may be the reason why it is unable
to functionally complement E. coli recA mutants.
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The S. platensis recA gene has an identity of 72%,
68% and 60% when compared to the recA genes
of Anabaena variabilis (Owttrim & Coleman, 1989)
Synechococcus PCC 7002 (Murphy et al., 1990) and
Escherichia coli (Sancar et al., 1980). Comparison of
the amino acid sequences reveals an identity of 79%,
70% and 57% with the RecA proteins of Anabaena
variabilis, Synechococcus and Escherichia coli respec-
tively.

Alignment of the deduced amino acid sequence
revealed that many of the domains and residues
assigned functional roles in E. coli RecA are conserved
in the Spirulina RecA. Numbering of the E. coli RecA
residues begins with the first alanine (Dunkin & Wood,
1994). The ATP fold (R ..... G...SGKT) (Walker et al.,
1982) is present in Spirulina RecA between amino
acids 62 and 77. This region coincides with the ATP
binding site which has been proposed by Kawashima
et al. (1984). However Tyr-264 identified by Knight
and McEntee (1985) as the residue responsible for ATP
binding is not present in the Spirulina sequence. Other
E. coli residues associated with protease activity (Ser-
25, Glu-158 and Gly-157) are conserved in nearly the
same positions in the Spirulina RecA protein (Ser-24,
Glu-159 and Gly-160). Some of the E. coli residues
associated with homologous recombination (Gly-160,
Leu-51, Arg-60 and Gly-301) are also similarly con-
served (Gly-160, Leu-51, Arg-61 and Gly-302). The
Spirulina RecA protein has retained the highly con-
served proline residues observed by Tolmasky et al.
(1992), the amino acids which constitute the RecA
signature peptide, ALKF(F,Y)(S,T,A) 2VR, a sequence
which has been defined as RecA specific by the pro-
gram Motifs in the Genetics Computer Group package
of programs (Devereux et al., 1984), and the conserved
Arg-324 (Arg-325 in Spirulina RecA) in the highly
variable C-terminal region (Dunkin & Wood, 1994).

Although mass production of Spirulina has reached
a commercial stage and the annual production of Spir-
ulina biomass is estimated to be some 1000 tons per
year very little is known about the genetics of these
cyanobacteria. Despite many attempts to develop a
gene transfer system for Spirulina there has not been
any significant progress. We are presently working on

the development of a gene transfer system and the
isolation and characterisation of Spirulina recA gene
may significantly assist in a better understanding of the
genetics of these cyanobacteria.
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