
  
http://wjst.wu.ac.th                             Agricultural Technology and Biological Sciences 

Walailak J Sci & Tech 2018; 15(12): 857-867. 
 

Cloning of a C-phycocyanin Alpha Subunit from 
Thermosynechococcus sp. TUBT-T01 and Prediction of Its Properties 
 
Plaipol DEDVISITSAKUL1,*, Sichon HUADRAKSASAT2, Supenya CHITTAPUN2, 
Theppanya CHAROENRAT2 and Chanitchote PIYAPITTAYANUN2 
 
1School of Science, Mae Fah Luang University, Chiang Rai 57100, Thailand 
2Biotechnology, Faculty of Science and Technology, Thammasat University, Rangsit Campus,  
Prathum Thani 12120, Thailand 
 
(*Corresponding author’s e-mail: plaipol@mfu.ac.th) 
 
Received: 3 March 2017,   Revised: 23 November 2017,   Accepted: 22 December 2017 
 
 
Abstract 

C-Phycocyanin, a blue-colored and water soluble protein, is a class of phycobiliproteins that are the 
major light-harvesting pigments of a photosynthetic system in cyanobacteria. C-phycocyanins are utilized 
in many industries, including as natural colorants in food and cosmetics and as antioxidant compounds. 
However, the uses of C-phycocyanins have been limited due to their vulnerability to high temperatures. 
Therefore, the objective of this study was to identify and analyze the C-phycocyanin gene isolated from 
Thermosynechococcus sp. TUBT-T01, living in a hot spring in Surat Thani province, in the hope that this 
C-phycocyanin exhibited thermostable properties and that their applications could be expanded over a 
wide range of industries. In the present study, the polymerase chain reaction of the gene encoding alpha 
subunits of C-phycocyanin (cpcA) was performed, using primers designed based upon the sequence 
alignments of cpcA from Thermosynechococcus sp. available in the GenBank database. The putative 
cpcA, with an approximate size of 500 base pairs, was detected on an agarose gel. The DNA sequencing 
analysis indicated that the cpcA was 489 base pairs in length, and its nucleotide sequence was 94 % 
identical to those of thermophilic Thermosynechococcus sp. NK55, T. elongatus BP-1, and 
Synechococcus vulcanus. The deduced amino acid sequence was very similar to those of 
Thermosynechococcus sp. NK55, T. elongatus BP-1, and S. vulcanus. The data derived from the 
homologous model revealed that the presence of Asp28, Lys32, and Ser72 in the alpha subunit of C-
phycocyanin from Thermosynechococcus sp. TUBT-T01 could provide the high thermostability property 
of this protein. 

Keywords: Cyanobacteria, hot spring, alpha subunit, C-phycocyanin gene, Thermostability, 
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Introduction 

Cyanobacteria are prokaryotic blue-green algae in the division Cyanophyta. They are 
photoautotrophs, which are the primary producers in ecosystems because of the presence of 
chlorophyll a and various accessory pigments which conduct oxygenic photosynthesis. There are more 
than 7,500 species of cyanobacteria found in the world. They are found in freshwater, marine, and 
terrestrial environments, as well as in extreme environments such as hot springs, hypersaline water, 
deserts, and freezing habitats [1-4]. Phycobiliproteins are accessory protein pigments that function in light 
harvesting and in passing energy to photosynthetic reactions of cyanobacteria and red algae [5]. C-
phycocyanin (Cpc), a blue-colored phycobiliprotein in cyanobacteria, has maximum absorption and 
emission at 620 nm and 650 nm respectively [6]. C-phycocyanin is a protein complex that contains an 
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alpha and a beta subunit, which each attach to 1 and 2 chromophores respectively. Association of the C-
phycocyanin alpha and beta subunits is considered to be a one monomer (αβ) structure but, in nature, C-
phycocyanin complex is present as a trimer (αβ)3 and hexamer (αβ)6 [7]. 

The C-phycocyanin α and β subunits encoded by cpcA and cpcB gene belonging to C-phycocyanin 
operon, are highly conserved in cyanobacteria [8]. The C-phycocyanin operon comprises 6-7 genes from 
the 5’ to 3’region respectively. Complete genome analysis indicates that T. elongatus BP-1 has complete 
sets of cpcB-cpcA-cpcC-cpcD-cpcE-cpcF-cpcG [9], while Anabaena PCC7120 contains only cpcB-cpcA-
cpcC-cpcD-cpcE-cpcF in the operon [10]. 

Because of its non-toxic properties, C-phycocyanin has potential applications in food and cosmetic 
coloring, such as chewing gum, ice cream, candy, jelly, lipstick, and eye-liner [11-15]. In pharmaceutical 
and medical applications, it has been used to inhibit proinflammatory cytokines which cause 
inflammation, fever, and tissue destruction [16]. There are also some reports for the utilization of C-
phycocyanin for nociception [17]. In addition, C-phycocyanin has antioxidant properties. It is able to 
scavenge several oxygen radicals, for example alkoxyl, hydroxyl, and peroxyl radicals [18]. 

Due to its scavenging properties toward the oxygen radical species, it may prevent some diseases 
which are associated with free radicals, including atherosclerosis, Alzheimer's disease, cancer, diabetes, 
and rheumatoid arthritis. Furthermore, C-phycocyanin could also be used as a fluorescent probe in 
varieties of molecular researches [19-24]. Although several applications of C-phycocyanin have been 
reported, the uses of C-phycocyanins are still limited at the industrial level because it has poor stability at 
the high temperatures required in some industrial processes. Some studies showed that cyanobacteria 
living in high temperature habitat could produce thermostable C-phycocyanin [25-27]. However, there are 
a limited number of reports on C-phycocyanins from thermophilic cyanobacteria. 

Recently, a new rod-shape cyanobacterium strain Thermosynechococcus sp. TUBT-T01, has been 
isolated from a hot spring, Surat Thani province, Thailand. This strain has been successfully cultured in 
BG-11 liquid medium supplemented with NaNO3 3 g L-1 at 50 °C [28]. 

This work aimed to isolate and clone the cpcA gene from Thermosynechococcus sp. TUBT-T01 and 
evaluate the thermostability properties of the alpha subunit of phycocyanin protein by molecular sequence 
analysis. This study should provide fundamental information for the further development of 
thermotolerant phycocyanin production and hopes that its applications could be applied over a wide range 
of industries. 
 
Materials and methods 

Cyanobacterium strain and culture 
Thermosynechococcus sp. TUBT-T01 was isolated from Borkrung hot spring in Surat Thani 

province, Thailand. The average temperature of the water in this hot spring is approximately 56 °C [28]. 
The isolate was cultured in BG-11 medium supplemented with NaNO3 3 g L-1 and incubated for 30 days 
at 50 °C with continuous lighting and shaking at 100 rpm. 
 

Genomic DNA extraction 
The cyanobacterium was collected by centrifugation at 4,000 rpm at 4 °C for 30 min, and 

resuspended in TE buffer. The genomic DNA was extracted by TIANamp Bacteria DNA Kit (Tiangen 
Biotech, China), following the manufacturer’s instructions, then stored at −20 °C until use. 
 

Primer design and amplification of cpcA gene from Thermosynechococcus sp. TUBT-T01 
Primers corresponding to the 5’ and 3’ end of cpcA gene were designed from the closely related 

species of cyanobacterium available in the GenBank database using CLC sequence viewer 7 (CLC bio, 
QIAGEN) and the Primer3plus program [29]. The genomic DNA of Thermosynechococcus sp. TUBT-
T01was used as a template for the PCR amplification of cpcA using TaKaRa Ex Taq™ DNA polymerase 
(5 U/µl) under the following condition: a primary denaturation at 94 °C for 30 sec, 30 cycles of 
denaturation at 94 °C for 30 sec, annealing at 50 °C for 30 sec, extension at 72 °C for 30 sec, and final 
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extension at 72 °C for 2 min. Gel electrophoresis was performed to visualize the PCR product on 1.5 % 
agarose. 

 
Cloning of α subunit of phycocyanin 
The PCR product was purified with a Gel/PCR Fragments Extraction Kit (RBC Bioscience). The 

purified DNA (25 ng/µl) was then ligated into pGEM-T Easy cloning vector (50 ng) (Promega, Madison, 
WI) and transformed into E. coli DH5α competent cells by the heat shock method. The bacterial cells 
were grown in LB agar containing 100 µg/ml of ampicillin, and the recombinant clones were selected by 
blue-white colony selection. Plasmid extraction was performed from the recombinant clones using 
TIANpure Midi Plasmid Kit (Tiangen Biotech, China), following the manufacturer’s instructions, and 
further used for DNA sequencing. 

 
Nucleotide and deduced amino acid sequence analysis 
The recombinant DNA of the cpcA from Thermosynechococcus sp.TUBT-T01 was submitted for 

nucleotide sequencing at Macrogen, Korea. Nucleotide and deduced amino acid sequence similarity 
searches were performed using BLASTn and BLASTp [30,31]. Maximum Likelihood phylogenetic 
analysis of CpcA amino acid sequences was constructed using Mega 7 software [32]. The 
physicochemical parameters of CpcA, including molecular weight, isoelectric point (pI), instability index, 
and hydropathicity index, were calculated using the ProtParam program [33]. The secondary structure of 
CpcA was predicted using the GOR4 program [34]. Finally, the comparison of the CpcA amino acid 
sequences from 2 thermophilic cyanobacteria, T. elongatus BP-1 and Synechococcus vulcanus, and 4 
mesophilic cyanobacteria, Synechococcus sp. PCC7002, Synechocystis sp. PCC 6803, Fremyella 
diplosiphon, and Arthrospira platensis, was performed by CLUSTAL OMEGA [35]. These sequences 
were selected from phycocyanin proteins in which their structures had already been reported [27,36-39]. 
 
Results and discussion 

Cloning and nucleotide sequencing of cpcA 
Thermosynechococcus sp. TUBT-T01 was collected and isolated from Borkrung hot spring in Surat 

Thani province, Thailand, at a temperature of approximately 56 °C, suggesting its nature as a 
thermophilic cyanobacterium [28]. 

In this study, we compared cpcA gene sequences from several cyanobacteria available in the NCBI 
database. However, there was limited information on cpcA gene sequences from thermophilic 
cyanobacteria. To gain deeper insight into c-phycocyanin from Thermosynechococcus TUBT-T01, the 
cpcA gene was isolated from Thermosynechococcus TUBT-T01, and the nucleotide sequences of the 
cpcA gene were analyzed. The genomic DNA was extracted from the 50 °C-cultured 
Thermosynechococcus sp. TUBT-T01 and used as a template for PCR amplification reaction with a pair 
of primers: 5’-ATGAAAACCCCGATTACTGAAGC-3’ and 5’-CTAGCTGAGGGCGTTGATGG-3’, 
which were designed specifically for cpcA genes of other Thermosynechococcus available in the NCBI 
database. The primers were targeted to cover the full-length cpcA open reading frame (ORF). After the 
amplification, a single band of approximately 500 bp PCR product was observed by agarose gel 
electrophoresis (Figure 1). The PCR product was subsequently cloned into pGEM-T easy vector and 
transformed into E. coli DH5α, and the recombinant plasmid was submitted for DNA sequencing.  

 
 
 
 
 
 
 
 



C-phycocyanin from a  Cyanobacterium Plaipol DEDVISITSAKUL et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2018; 15(12) 
 
860 

 
 

Figure 1 PCR amplification of cpc A gene from Thermosynechococcus sp. TUBT-T01 Lane M: 100 bp 
ladder (Biolabs, UK), Lane 1: PCR product of cpcA from Thermosynechococcus sp. TUBT-T01 and Lane 
2: Negative control (water as a template). 
 
 

The nucleotide sequence homology analysis indicated that the PCR product was a C-phycocyanin 
alpha subunit (cpcA) 94 % identical to the cpcA gene from T. elongatus BP-1 (BA000039), 
Thermosynechococcus sp. NK55 (CP006735), and S. vulcanus (AF333175). All of these cyanobacterial 
strains were reported as thermophiles [9,27,40-42]. From BLASTP analysis, the deduced amino acid 
sequence was 99 % identical to T. elongatus BP-1, Thermosynechococcus sp. NK55a, and S. vulcanus. 
Phylogenetic analysis revealed that the CpcA of Thermosynechococcus sp. TUBT-T01 was clustered with 
T. elongates BP-1, Thermosynechococcus sp. NK55a and T. vulcanus with 97 % confidence, all of which 
are thermophilic cyanobacteria (Figure 2). It was obvious that the CpcA protein was conserved among 
thermophilic cyanobacteria and was quite distant from the other groups of cyanobacteria, including 
mesophilic cyanobacteria. The amino acid sequences of Thermosynechococcus sp.TUBT-T01 was very 
similar to those of T. elongatus BP-1 and S. vulcanus with only 2 amino acid differences in which, at 
position 95, it was valine in Thermosynechococcus sp.TUBT-T01 and T. elongatus BP-1, but was 
isoleucine in S. vulcanus while, at position 130, it was also valine in Thermosynechococcus sp.TUBT-T01 
but was isoleucine in both T. elongatus BP-1 and S. vulcanus. 
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Figure 2 The phylogenetic analysis of cpcA was constructed by Maximum Likelihood method with 1,000 
bootstrap values. 
 
 

Structural analysis of CpcA 
The physicochemical parameters of the CpcA from Thermosynechococcus sp.TUBT-T01 were 

calculated by the ProtParam program [33]. It was revealed that the molecular weight of CpcA protein was 
17.43 kDa, pI was 5.36, instability index was 24, and hydropathicity index was −0.110 (Table 1). The pI 
value can be useful for buffer and column selection in protein purification steps. An instability index of 
less than 40 indicates that this protein could be stable in the solution [43]. A more negative value of 
hydropathicity index indicates that the protein was highly hydrophilic [44]; therefore, this result 
suggested that CpcA was a hydrophilic protein. 

 
 

Table 1 Physicochemical parameters of CpcA protein from Thermosynechococcus sp. TUBT-T01. 
 

Physicochemical parameters CpcA protein 
Length 162 residues 
Molecular weight 17.43 kDa 
Isoelectric point  5.36 
Instability index 24.16 
Hydropathicity index -0.110 
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The predicted secondary structure of CpcA using the GOR4 program showed that the main 
structure, accounting for 56.79 % of the protein sequences, were α-helix, while 12.96 % of the extended 
strands were found in the middle and C-terminal region and 30.25 % of random coil regions were 
generally distributed throughout the CpcA peptide chain and were probably loop and turn structures. 
From amino acid sequence analysis (Figure 3), the CpcA from Thermosynechococcus sp. TUBT-T01 had 
cysteine at position 84 (Cys84) that was conserved in T. elongatus BP-1, Thermosynechococcus sp. 
NK55a, and S. vulcanus. The crystal structure of C-phycocyanin from S. vulcanus showed that Cys84 was 
a binding site of chromophore [27], and it was in the α-helix region of the CpcA protein sequence. In 
addition, it has been reported that several tyrosine residues in the alpha subunit of phycocyanin showed 
interaction with cysteine at position 84 [45]. 

 
Thermal stability implication of CpcA 
Inoue et al. reported on the thermostability of phycocyanin from S. vulcanus by high-temperature-

induced denaturation of C-phycocyanin. They found that the absorbance at 620 nm (photosystem II 
complex) remained unchanged up to 70 °C, which suggested that the activity of phycocyanin from S. 
vulcanus did not decrease at high temperature [46]. Interestingly, the deduced amino acid sequences of 
CpcA from Thermosynechococcus sp. TUBT-T01 was highly conserved with that of S. vulcanus, except 
for only 2 positions in which isoleucine and valine at positions 95 and 130 of S. vulcanus changed to 
valine and isoleucine in Thermosynechococcus sp.TUBT-T01, respectively. However, these 2 amino acid 
differences should not alter the protein structure and its thermostability due to their common 
physicochemical properties of both valine and isoleucine side chain (non-polar uncharged). Therefore, the 
thermostability of CpcA from S. vulcanus and that of Thermosynechococcus sp. TUBT-T01 should be 
conserved. 

The alpha subunit of C-phycocyanin, the CpcA protein from Thermosynechococcus sp.TUBT-T01, 
was compared to other CpcA, in which their crystal structures had been previously determined (2 
thermophilic cyanobacteria: T. elongatus BP-1(Te; WP_011057793), S. vulcanus (Sv; AAG61144), and 4 
mesophilic cyanobacteria: Synechococcus sp PCC7002 (S7; ACB00191.1), Synechocystis sp. PCC 6803 
(S6803; 4F0T_A), F. diplosiphon (Fd33; 1CPC_A), and Arthrospira platensis (Ap; ABD64608.1) 
(Figure 3) [27,36-39]. One interesting observation was the amino acid at position 28 of the 
Thermosynechococcus sp.TUBT-T01. The CpcA alpha subunit was an aspartate (αAsp28); it has been 
previously shown that, in the monomer form, αAsp28 interacted with asparagine at position 35 (βAsn35) 
and a chromophore of a C-phycocyanin beta subunit, resulting in the enhanced stability of the C-
phycocyanin monomer structure. In the trimer form, the amino acid at position 72 of the 
Thermosynechococcus sp.TUBT-T01 CpcA alpha subunit was a serine (αSer72) (Figure 3). The αSer72 
was previously reported to have interacted with glutamine at position 68 (βGlu68) of the C-phycocyanin 
beta subunit in an adjacent monomer, resulting in the increased stability of the C-phycocyanin trimer 
structure [27]. Due to the lack of αSer72, these interactions could not be found in the mesophilic 
cyanobacterial species. In the hexamer form, αAsp28 also provided interaction with lysine at position 32 
(αLys32) of the C-phycocyanin alpha subunit in one of the monomers of an adjacent trimer [27]. Both 
αAsp28 and αLys32 were found to be conserved among thermophilic cyanobacteria S. vulcanus (Sv), and 
T. elongatus (Te), but not in mesophilic cyanobacteria F. diplosiphon (Fd33) and Synechococcus sp 
PCC7002 (S7), Synechocystis sp. PCC 6803 (S6803), and A. platensis (Ap) (Figure 3). 
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Figure 3 Comparison of deduced amino acid sequences homologous to Cpc A proteins from 3 
thermophilic cyanobacteria: Thermosynechococcus sp TUBT-T01 (TUBT-T01), T. elongatus (Te), and S. 
vulcanus (Sv), and 4 mesophilic cyanobacteria: Synechococcus sp PCC7002 (S7), Synechocystis sp. PCC 
6803 (S6803), F. diplosiphon (Fd33), and A. platensis (Ap). The sequence ruler for these amino acid 
sequences including gaps (following Adir et al. 2001) are displayed on top of the alignment. Conserved 
regions are shown in the square boxes, and amino acid residues (D, K, and S), previously reported to have 
additional interaction within C-phycocyanin in thermophilic cyanobacteria when compared to mesophilic 
cyanobacteria, are indicated in bold. Helical regions of the alpha subunits of the Thermosynechococcus 
sp. TUBT-T01 are shown as grey boxes. The random coil and extended strand are shown as the connected 
line. 
 
 

According to these data, the presence of Asp28, Lys32, and Ser72 could be considered to be 
important differences between the thermophilic and mesophilic cyanobacteria and, thus, these positions 
(Asp28, Lys32, and Ser72) are important in enhancing the thermal stability of the protein. Due to the 
existence of Asp28, Lys32, and Ser72, it is suggested that the CpcA from Thermosynechococcus sp. 
TUBT-T01 should endow thermophilic properties, and could contribute to the thermal stability of its 
overall complex structure. This study provided more insight into the sequence and structure of alpha 
phycocyanin from a recently isolated strain of a thermophilic cyanobacteria, Thermosynechococcus sp. 
TUBT-T01 [28]. It is supported that this cyanobacterial strain is possibly a new target for the production 
of thermostable phycocyanin.  

Mostly, C-phycocyanin was extracted directly from cyanobacteria [36-39]. However, low amounts 
of proteins were produced from thermophiles at high temperature due to their slow growth rate when 
compared to that of mesophiles [46]. An alternative to increase the protein yield is to use recombinant 
DNA technology [47]. According to our survey, the C-phycocyanin gene isolated from some mesophilic 
cyanobacteria has been successfully cloned and expressed in a bacterial system; however, we have not 
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found any publication on the production of C-phycocyanin from thermophilic cyanobacteria by 
recombinant DNA technology [48-50]. 

The antioxidant potential of C-phycocyanin isolated from several cyanobacterial species has been 
reported earlier [48,51-54]. Previously, it was believed that phycocyanin exhibited antioxidant activity 
against free radicals solely by the action of bilin chromophore in holo-phycocyanin [52-54]. However, 
recently, Cherdkiatikul and Yaneenart (2014) have reported the antioxidant activity of solely either alpha- 
or beta phycocyanin subunits from S. platensis without bilin chromophore [51]. We expected that the 
alpha subunit of phycocyanin from Thermosynechococcus sp. TUBT-T01 should provide antioxidant 
activity as well. However, the antioxidant activity of C-phycocyanin from Thermosynechococcus sp. 
TUBT-T01 has not yet been explored. We are planning to investigate the antioxidant properties of the 
recombinant CpcA in the near future, and hope this protein could be used for further developments and 
applications in the food, cosmetic, and pharmaceutical industries [11]. 
 
Conclusions 

Cloning and investigation of an alpha subunit of C-phycocyanin encoding gene from 
Thermosynechococcus sp. TUBT-T01 has been performed in this study. The presence of Asp28, Lys32, 
and Ser72 in a CpcA subunit from Thermosynechococcus sp. TUBT-T01 was only conserved among 
thermophilic cyanobacteria. These amino acids have been previously reported to involve the enhanced 
stability of C-phycocyanin of S. vulcanus. This suggested that the structure of the C-phycocyanin alpha 
subunit from Thermosynechococcus sp. TUBT-T01 has a high possibility to provide thermostable 
properties to its complex structure of the C-phycocyanin protein. The measurement of photosynthesis, 
fluorescence, and antioxidant activities of the phycocyanin at high temperature is required to confirm its 
properties, and the investigation of thermostable potential of other subunits of the C-phycocyanin from 
Thermosynechococcus sp. TUBT-T01 would be valuable to understand the characteristics of the whole 
complex of the C-phycocyanin protein from Thermosynechococcus sp. TUBT-T01. 
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