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Abstract

By using in vitro PCR method, C-phycocyanin operon of Arthrospira platensis FACHB341 was cloned and char-
acterized. The operon consists of 427 bp ussB, 519 bp cpcB gene, 111 bp igsB-A region, 489 bp cpcA gene, 184 bp
ussH region and 357 bp cpcH gene. Promoter prediction and signal scan show that there are putative promoter
sequences and regulatory elements in ussB and ussH sequences.

Introduction

Arthrospira (previously known as Spirulina) is
a photosynthetic prokaryotic cyanobacterium, and
C-phycocyanin is one of the major photosynthetic
biliproteins of it. C-phycocyanin is one of the impor-
tant components in the electron transfer of photosyn-
thesis. C-phycocyanin also has some functions that are
good for human health, such as antioxidant, radical
scavenging, anti-inflammatory and anti-cancer proper-
ties (Reddy, 2003; Guan & Guo, 2002; Pinero Estrada,
2001; Bhat & Madyastha, 2001), so in recent years it
has been drawn more and more attention.

The C-phycocyanin gene sequence was first re-
ported by Pilot & Fox in 1984, in which the oligonu-
cleotide synthesis of alpha and beta subunits of cpc
gene of a freshwater cyanobacterum Agmenellum qua-
druplicatum was described. In 1996, Jeamton reported
the cpcA and cpcB gene sequence in Spirulina platen-
sis. Yu (2002) and Manen & Falquet (2002) revealed
the cpc gene sequence of some Spirulina strains and
used it as a site to their analyze phylogenetic relation-
ships. There is no more detailed information about the
regulatory sequence and cpc operon.

This paper reports the sequence and characterization
of cpc operon of Arthrospira platensis FACHB341, in-
cluding cpcB gene, cpcA gene, cpcH gene, and the up-

stream sequence of cpcB gene (ussB) and cpcH gene
(ussH), the spacers between cpcB gene and cpcA gene
(igsB-A). The aimis to provide more information on the
cpc operon of the economically important cyanobac-
terium, especially on the regulation domain of struc-
ture genes, which may offer potential usage in trans-
genic manipulation system, improving its growth rate
and increasing production in mass cultivation of the
cyanobacterium.

Materials and methods
Cultivation

Arthrospira platensis FACHB341 was kept in our labo-
ratory. It was cultured in Zarrouk medium at 25 °C. The
light intensity was 40 wmol m~2 s~!, with 12 light/12
dark cycle. The filaments were harvested at late-log-
phase (ODsgg = 0.8-1.0).

DNA extraction, restriction analysis and
cassette ligation

The total DNA was prepared by using the phe-
nol/chloroform extraction protocol (Sambrook, 1989).
Five different restriction enzymes, EcoRI, Pstl, Sall,
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Xbal and Sau3Al, were used for DNA digestion. The
digested fragment was purified and then ligated to
cassettes according to the manufacture’s protocol of
LA PCR™ in vitro Cloning Kit (TaKaRa). The re-
action mixture included 5 puL of digested product,
2.5 uL of cassette, 15 uL of ligation solution I and
7.5 pL of ligation solution IT. Then the mixture was
ligated at 16 °C for 1 h and precipitated by 2.5 (v/v)
ethanol overnight. After centrifugation, the products
were suspended in 5 uL. ddH,O.

Cloning of partial region of cpcB, cpcA gene and
IGS region

Partial sequences of cpcB, cpcA gene and intergenic
spacer between cpcB and cpcA (igsB-A) were ampli-
fied from a DNA sample with degenerate primers Y1
and Y2 (Table 1), which were designed according to
the gene sequences of Arthrospira retrieved from Gen-
Bank. PCR amplification was carried out with a Ther-
mal Cycler (FeRoTec Life Express) by using ampli-
cycle reagents in the presence of 50 ng of template
DNA, 2.5 mM MgCl,, 0.5 mM dNTP, 0.5 uM of each
primer, 2.5 U TagE and 5 uL of 10 x PCR buffer. Reac-
tion conditions were one initial cycle of denaturation at
94 °C for 8 min, followed by 30 cycles of denaturation
at 94 °C for 40 s, annealing at 58 °C for 40 s, and exten-
sion at 72 °C for 80 s. After eletrophoresis in 1.0 % low-
melting agarose gel in TAE buffer (40 mM Tris-acetate,
1 mM EDTA), PCR products were visualized under
ultraviolet light. The resulting targeted bands DNA
was recovered according to Sambrook (1989), and
the recovery products were then resuspended in 5 uL
ddH,O.

Table 1. DNA sequence of primers used throughout the procedures.

Primer Sequence

Y1 TTGATGCCTTCACTAAGGTGG

Y2 GTAGTAGCC(T/G)AT(G/A)TCACGAGC

Cl GTACATATTGTCGTTAGAACGCGTAATACGACTCA
Cc2 CGTTAGAACGCGTAATACGACTCACTATAGGGAGA
S1 TGCATCGCCAGCAAACACAGC

S2 GAGCTGTACTCAGCATTTCGCC

Al GTCTGATCAGTGGTGCTGCCCAAGCAGTGT

A2 GCAGGGACCTAACTACGCGGCAGACCAACG

PS1 TCCATCGGTGTCACCTCCTAAG

PS2 TGCCCCGTGGTTCATTTCTTCAG

Cloning of upstream sequence of cpcB gene and
downstream sequence of cpcA gene

The upstream sequence of cpcB gene and downstream
sequence of cpcA gene was amplified by in vitrro PCR
cloning method. The upstream sequence of cpcB gene
was obtained by using the chromosome walking in two
steps, each of the step including two PCR reactions.
For the first step, the primers S1 and C1, followed by
the primers S2 and C2 (Table 1) were used in the first
and second reaction, respectively. For the second step,
primers PS1, PS2, C1 and C2 were used (Table 1) in
the two conjoint reactions. Primers S1 and S2 were
designed according to the sequence of cpcB gene, PS1
and PS2 were designed based on the sequence of the
fragment obtained in the former reaction, primer Cl
and C2 was corresponding to the cassette in LA PCR™
in vitro Cloning Kit.

The PCR reaction was carried out as follows: In
firstly reaction, 1 uL of ligation product was put into
the reaction reagents, then started with the one initial
cycle of denaturation at 94 °C for 10 min, followed by
30 cycles of denaturation at 94 °C for 60 s, annealing at
55 °C for 120 s and extension at 72 °C for 120 s, and in
second reaction, PCR was processed with 50 ng of the
first PCR product DNA, and the other reagents were the
same as above. The targeted bands DNA was recovered,
and the recovery products were then resuspended in 5
uL ddH,0.

The downstream region of the cpcA gene was cloned
by the same method, with the first primer pair Al and
Cl1, and the second A2 and C2 (Table 1). Primers Al
and A2 are designed according to the sequence of cpcA
gene obtained above.

Purification, cloning, sequencing and
analysis of PCR target bands

Recovered PCR products were cloned into pMD18-T
vector according to the manufacturer’s instructions
of DNA Ligation Kit Version 2.0 (TaKaRa). Cloned
amplicons were screened by M13 universal primers.
Sequencing was performed from single-stranded tem-
plates by the Sanger dideoxy method. The software
of DNASIS (ver 5.0) (Hitachi Software Engineering
Co. Ltd.) was used for the DNA analysis. Se-
quence similarity was searched on databases of
the National Center for Biotechnology Informa-
tion (NCBI, http://www.ncbi.nlm.nih.gov) (Altschul,
1990). The putative promoter sequences of cpcB
were predicted in the prokaryotic part of database
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Start End Promoter sequence

175 220 ATGAAGTTTGATTAACATTTGTATCAAAATATAAAATTCTTCTCATAAAC
233 278 ATCTTTTAAGATTTCGGAAAGTGTTCTAGGATACTGAAGAAATGAACCAC
334 379 GGAGGTGACACCGATGGATTGATTGTCGTGATCATTCATGGTGTGTCCAA
350 395 GATTGATTGTCGTGATCATTCATGGTGTGTCCAATCCCAACTCAACTCTA

Note: The transcription starts are highlighted. Putative —10 and —35 regions are underlined.

(http://www.fruitfly.com). Potential sites for the bind-
ing of transcription regulatory factors were determined
by computational analysis of the DNA sequence by
using the signal scan (Higo, 1999).

Results
Digestion of total DNA

Among the five enzymes used in this study, Sau3Al
can cut the total DNA of A. platensis FACHB341, and
EcoRI can only partially digest the DNA of the species.
The digested products of EcoRI and Sau3AIl were re-
covered and used as templates.

The cpc operon

By integrating of three pieces of DNA fragments, the
cpc operon with a length of 2086 bp was obtained
(GenBank accession number: AY804216), and the con-
figuration of this operon was illustrated in Figure 1.
In the order from 5’ to 3’, the operon consists of 6
parts: the 427 bp of upstream sequence (ussB), the
cpcB gene (519 bp), which encodes the B subunit of
c-phycocyanin, 111 bp intergenic spacer sequence be-
tween cpcB and cpcA (igsB-A), the cpcA gene (489
bp), which encodes the « subunit, 184 bp upstream
sequence of cpcH (ussH), and the partial sequence of
cpcH gene (357 bp), which related to the synthesis of
one of the rod linker polypeptide.

HUSSB cpcB |_|igsB-A cpcA |—|USSH cpcH |

Figure 1. Structure of the cpc operon of A. platensis FACHB341.
ussB: upstream sequence of cpcB gene (1-427 bp); cpcB: gene coding
for B subunit of C-phycocyanin (428-946 bp); igsB-A: phycocyanin
(cpcB and cpcA) intergenetic spacer region (947-1057 bp); cpcA:
gene coding for o subunit of C-phycocyanin (1058-1546 bp); ussH:
upstream sequence of cpcH gene (1547-1729 bp); cpcH: gene coding
for the linker protein of C-phycocyanin(1730-2086 bp).

The promoter scan in the ussB region indicates
that the sequence contains four putative promoter se-
quences with the same length of 50 bp (Table 2). There
are 4 promoter elements TATAAA, GATACTG, GAT-
CATT and TCCAAT in —10 region, and the last one
GATACTG is the same as in the promoter P; sequence
of A bacteriophage. It also has 4 elements TTGATT,
TTAAGA, GTGACA and TTGTCG in —35 region. Se-
quence analysis shows a quite high AT content (63.5%)
in the upstream sequence. Repeat sequences and in-
verted sequences are showed in the GenBank sequence
analysis.

Some parts of the promoter region have been
shown to correspond to specific transcription factor
binding sites. The CAAT element at sites 2, 287,
381 believed to be the CAAT promoter consensus
sequence. The TATA element locates in the 5’ upstream
sites 39, 70 and 83. The GATA element, a family of
nuclear zinc finger DNA-binding proteins that hier-
archically regulate the expression of lineage-specific
target genes, seats at four sites 136, 262, 419 and
464. The sequence also contains DOFCOREZM,
EBOXBNNAPA, GTICONSENSUS, GTGANTG10,
IBOXCORE, MYBGAHYV, MYBSTI1, POLASIGI,
POLLENILELATS2, RAV1AAT, REALPHALGL-
HCB21,  ROOTMOTIFTAPOX1,TAAAGSTKST1
and WBOXATNPRI1 factors, the function of each
regulatory element and its combined effect remain to
be determined.

Analysis of ussH region reveals that there is a
putative promoter sequence CATATTTTATTAAA-
GCGGGATGAGCTTGGTAAAATCGGTAT*CCGA-
GATTA (from 1620 to 1665 bp). The —10 and —35
regions are underlined, and the asterisked T represents
the transcription start site. There are some functional
motifs in this sequence recognized by web signal
scan, including CAAT box, TATA box, BSIEGCCR,
DOFCOREZM, GTICONSENSUS, MYBCORE,
ROOTMOTIFTAPOX1 and TAAAGSTKSTI.

InA. platensis FACHB341, the SD sequences before
cpceB, cpcA and cpcH are all GGAG. Analysis of codon
usage of A. platensis FACHB341 shows that there
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is no obvious change comparing with that of Nostoc
sp. PCC7120 (GenBank accession no. NC_003272),
Synechocystis sp. PCC9143 (AF068771) and Syne-
chococcus sp. PCC6301 (M94218). The GC content
of codon region of A. platensis FACHB341, Nostoc
sp. PCC7120, Synechocystis sp. PCC9143 and Syne-
chococcus sp. PCC6301 is 50.2, 49.3, 48.4 and 55.3%,
respectively, even lower in the ussB and ussH region in
A. platensis FACHB341.

Discussion

The 427 bp length of 5" upstream sequence of ussB re-
gion has been obtained in cpc operon of cyanobacteria
A. platensis, and it has been demonstrated that there
are putative promoter and signal sequences in this re-
gion, and the promoter activity of this sequence had
been confirmed by promoting the expression of GFP
(unpublished data). The result is favorable for trans-
formation manipulation operation in Arthrospira and
other prokaryotes.

In cyanobacteria, the majority of -10 region of pro-
moter sequences are highly conserved with the consen-
sus E. coli sigma-70 promoter motif TANNNT (Curtis
& Martin, 1994), on the contrary, it shows weak conser-
vation with the E. coli sigma —70 consensus sequence
(TTGACA) in —35 region, only in approximately one-
half of the promoters mapped for different genera (Cur-
tis & Martin, 1994). The functional elements of cpcB
promoter of Synechococcus PCC7002 are at the po-
sition —35 (ATGACA) and —12 (TAATGT) (Bryant,
1985). The four —10 and —35 regions of the upstream
sequence of cpcB gene are all not conserved as E. coli
sigma-70 promoter motif. The positions of the tran-
scription start sites are been characterized in some
cyanobacteria. In Fremyella diplosiphon, the sequence
in the range from —76 to —37 is necessary for the ex-
pression of cpcB2A2, and the region extending from
—76 to +25 is sufficient for red-light induction of
the operon. There are two protein-binding sites in the
cpcB2A2 promoter, locating in positions from —162 to
—122 and —37 to +25 respectively (Casey & Gross-
man, 1984). In this study, the presumable transcrip-
tion start sites of cpcB gene lie in —216 bp, —158
bp, —57 bp and —41 bp from the initiation codon,
and the transcription start site of cpcH lies in —74 bp
upstream from the initiation codon of c¢pcH. The dis-
tance between the transcription site and the initiation
codon is variable in different organisms and different
genes.

The result of this investigation shows that cpcH lies
downstream of cpcA gene in A. platensis FACHB341,
which codes the rod linker polypeptides, that is agree-
ment with Jeamton (1999) and Mazel (1988). The
gene encoding the rod linker polypeptides was named
cpcCCD in Synechocystis PCC6803 and PCC 6714
(Kaneko, 1995, 1996; Nakajima, 2002), and cpcCD in
Nostoc PCC7120 (Kaneko, 2001). The result of align-
ment of the sequence of cpcH and cpcC has lower
similarity (result not shown), suggesting that the rod
linker polypeptides are quite dispersive among the three
cyanobacterial genera, Arthrospira, Synechocystis and
Nostoc.
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