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Abstract 

In this study, simultaneous production of poly-ß-hydroxybutyrate (PHB) and C-phycocyanin (C-

PC) from Nostoc muscorum was investigated. PHB yield after C-PC extraction was not found differ 

significantly as without C-PC extraction. Under photoautotrophic growth condition, the test 

cyanobacterium was found to accumulate PHB and C-PC with a maximum yield of 40 and 57 mg l-

1 respectively at the stationary phase, i.e. on day 21 of incubation. The most significant 

enhancement in C-PC yield up to 146 mg l-1 was recorded in 0.4 % fructose supplementation. High 

C-PC and PHB accumulation was recorded in 0.4% fructose supplementation followed by 0.4% 

glucose supplementation. A highly positive correlation between biomass yield and PHB content 

depicted that the rise in PHB content under supplementation of glucose, fructose, maltose and 

sucrose was due to boost in growth. Thus, present study demonstrates simultaneous production 

of both the products, i.e. PHB and C-PC is possible. 

Keywords: C-Phycocyanin, Nostoc muscorum, Carbon source, Mixotrophy, Poly-ß-
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1. Introduction  

Cyanobacteria are being used for production of C-PC and recently also considered as a source of 

PHB. They are the simplest known photoautotrophic organisms that accumulate PHB as energy 

storage. Most of the known cyanobacteria producing polyhydroxy alkanoate (PHAs) 

approximately 6% of dry cell weight (1-4). Cyanobacteria are also being used for production of 

C-phycocyanin (5,6). As cyanobacteria produce PHA and C-PC, require minimal nutrient because 

of their phototrophic nature and have short generation time, attract the attention. C-PC has been 

extracted and purified from different cyanobacterial strains and Nostoc muscorum (6,7). Various 

methods have been reported for the purification of phycobiliproteins (8,9). C-PC extracted from 

Spirulina fusiformis followed by ammonium sulfate precipitation (10). 
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Recently work revealed that C-PC have hepatoprotective effect (11), anti-colitic effect (12), 

antioxidant and anti-inflammatory (12,13), antimalarial activity (14), antioxidant and 

antiproliferative activities (15). The phycobiliproteins is also used as natural dyes in food and 

cosmetics (16). PHB used in the packaging, medicine, pharmacy, agriculture, and food industry 

(17). The presence of PHB in Chlorogloea fritschii (cyanbacterium) reported by N. G. Carr (1). 

The accumulation of PHB in cyanobacteria has been well reported by many researchers (4,18-

22). 

 As of our knowledge, almost 44 cyanobacterial strains, belonging to approximately 14 genera 

have been analyzed for the PHAs. Mixotrophic growth condition had significant positive effects 

on PHB production in Spirulina sp. (2). 

More recently, in Nostoc muscorum accumulation of PHB found up to 46% under chemo-

heterotrophy and phosphate limitation (21). In this study, our effort is therefore, to explore the 

simultaneous production of PHB and C-PC from the Nostoc muscorum. Specific objectives of the 

present study are to explore simultaneous production of C-PC and PHB from Nostoc muscorum 

and impact of carbon sources on C-PC and PHB production. 

2. Materials and Methods 

2.1. Organism and growth conditions 

Established culture of Nostoc muscorum Agradh (Source: Department of Botany, Banaras Hindu 

University, Varanasi), was maintained in complete BG-11 medium without combined nitrogen 

source (23). Culture were incubated in a temperature-controlled culture room at 28 ± 2 0C, pH 

8.5, under a photoperiod of 14:10h at light intensity of 75 µ mol photon m-2 s-1 PAR. 

2.2. Estimation of dry cell 

Dry cell weight (dcw) was determined gravimetrically according to Rai et al. (24). A known 

volume of algal culture was centrifuged at 5000 rpm for 10 min and the harvested biomass was 

dried at 60°C till to reach a constant weight. 

2.3. Simultaneous extraction of C-PC and PHB 

Acetone extraction method was followed for the extraction of C-PC. Cell suspension of N 

muscorum was taken in a centrifuge tube. The suspension was centrifuged at 5000 rpm for 10 

min. The supernatant was discarded. 20 ml of 80% acetone was mixed with the pellet and 

incubated over night at 4°C. The suspension was again centrifuged at 5000 rpm for 10 min. The 

supernatant was then discarded. 20 ml of distilled water was added to the pellet and kept at 50°C 

for 30 min. The suspension was centrifuged at 5000 rpm for 10 min to get the supernatant 

containing the crude phycobiliproteins. The pellet obtained after phycocyanin extraction was 

suspended in methanol at 40°C (overnight) for removal of other pigments. The pellet so obtained 

after discarding the supernatant was dried at 60°C. 

The polymer was extracted in hot chloroform followed by precipitation with cold diethyl ether. 

The sample was then centrifuged at 5000 rpm for 20 min to get the pellet. The pellet was washed 

with acetone and the same was dissolved in hot chloroform. This extraction of PHB was done 

following Yellore, et al. (25) with certain modifications.  
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2.4. Estimation of C-PC 

The UV-Vis absorbance spectra (250-820 nm) were recorded using a spectrophotometer 

(Lambda 25 UV/Vis, Perkin Elmer, Shelton, CT, USA). The amount of C-PC was calculated using 

the equation of Bennet, et al. (26) and the purity ratio (R) following (10). C-PC concentration (mg 

ml-1) and purity ratio (R) was calculated by using the following formula: 

C-PC (mg ml-1) = (A620 – 0.474 × A650)/5.34 

Purity ratio (R) = A620 / A280 

2.4. Detection and confirmation of poly-ß-hydroxybutyrate (PHB) 

The spectrophotometric assay was performed as per Law, et al. (27) using a spectrophotometer 

(Lambda 25 UV/Vis, Perkin Elmer, Shelton, CT, USA). The sample containing the polymer in 

chloroform was transferred to a clean test tube. The chloroform was evaporated and 

concentrated H2SO4 (10 ml) was added, and the solution was heated in a boiling water bath for 

10 min. After cooling and thorough mixing the absorption spectra (200-700 nm) of the sample as 

well as the standard PHB (Aldrich, USA), were taken in the spectrophotometer. These spectra 

were compared with the spectrum of crotonic acid (Sigma Chemical Co., USA). Detection and 

confirmation of PHB was also done gas-chromatographically following Riis, et al. (28) using a Gas 

Chromatograph (Clarus 500, Perkin Elmer, Shelton, CT, USA). The extracted polymer isolated 

from a known amount biomass was suspended with 2ml 1,2-dichloroethane, 2ml propanol 

containing hydrochloric acid (1:4, v/v hydrochloric acid (conc.) and propanol) and 200 µl 

standard solution (4%, w/v benzoic acid in propanol), and incubated at 100 0C for 7 h. After 

cooling to room temperature, 4ml of distilled water was added and the samples were shaken for 

30 sec. After 24 h, the organic phase was directly analysed using a gas chromatograph equipped 

with Elite-1® dimethylpolysiloxane capillary column (30 m x 0.25 mm x 0.25 µm) and flame 

ionization detector. The ester (organic phase, 0.2 (l) was injected in split mode (1:50) and other 

parameters were set using the window 2000TM platform-based Total Chrom Workstation TM 

software. The detection was made by comparing the retention time of the standard, pure poly-3-

hydroxybutyrate (Sigma Chemical Co., USA) was used as the reference. Benzoic acid was used as 

the internal standard. 

2.5. Impact of mixotrophy 

Mixotrophic growth conditions were achieved by supplementing the nutrient media with 0.2 and 

0.4% of glucose, fructose, maltose, sucrose, and acetate at the time of incubation. Samples were 

withdrawn at an interval of 7 days and were subjected to analysis. 

3. Results 

3.1. Detection and confirmation of PHB and C-PC 

Batch cultures of N. muscorum grown under photoautotrophic mode were analyzed for the 

presence of C-PC. Two sharp peaks were observed at 280 and 620 nm corresponding to protein 

and C-PC respectively (Figure 1A). The Chemical proofs for the presence of PHB were obtained 

from UV spectrophotometer. The absorption spectra of the polymer extracted from N. muscorum 
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and the standard PHB after acid digestion represented in Figure 1B, both the spectra depicted 

complete matching with the spectrum of crotonic acid. 

 

Figure 1 (A) Absorption spectrum of C-PC 

(B) Spectra of PHB extracted from N. Muscorum 

(C) PHB and C-PC accumulation in N. muscorum with reference to growth in 

photoautotrophic conditions. 

 (■) Biomass, (●) C-PC, (▲) PHB and (∆) PHB followed by C-PC extraction 

3.2. PHB and C-PC accumulation in N. muscorum with reference to growth 

Accumulation of PHB and C-PC in N. muscorum under batch mode is presented in Fig 1C. Growth 

of N. muscorum increased steadily with a lag of 7 days followed by the logarithmic phase and 

attained the stationary phase on day 21. Accumulation of PHB though started at the early phase 

of growth, maximum accumulation was recorded at the stationary phase i.e. on day 21 (40 mgl-1). 

After day 21, a decline in the polymer level was observed. C-PC accumulation in N. muscorum was 

analysed at a time interval of 7 days and maximum accumulation was recorded at the stationary 

phase (57 mg l-1, Figure 1C). PHB yield after C-PC extraction was not found differ significantly 

without C-PC extraction (Figure 1C). 

3.3. Impact of mixotrophy on PHB and C-PC accumulation  

Impact of various carbons, viz. acetate, fructose, glucose, maltose and sucrose on PHB and C-PC 

accumulation in N. muscorum was studied. Supplementation of acetate, fructose, glucose, maltose 

and sucrose were found to stimulate PHB accumulation in N. muscorum (Figures 2-6). Maximum 

accumulation of PHB and C-PC was found on day 21 of incubation. 

3.4. Effect of acetate 

Cultures supplemented with acetate depicted significant rise in biomass and PHB content as 

compared to the cultures grown under photoautotrophic conditions. Biomass yield reached only 

upto 512.2 mg l-1 under 0.4% acetate supplementation as compare to 484 mg l-1 under control 

condition on day 21 of incubation (Figure 2A). An increase in PHB pool up to 141 mg l-1 and C-PC 

pool only up to 65 mg l-1 was observed in the medium supplemented with 0.4% acetate on day 21 

of incubation (Fig2B & C). The PHB yield (141 mg l-1) obtained in C-PC extracted sample was 
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found comparable with the PHB yield obtained from the sample without C-PC extraction (148.9 

mg l-1, Figure 2C). The correlation between C-PC and biomass yield and PHB and biomass yield 

shown in Figure 2.1(A,B), where the C-PC yield with biomass are more correlated than PHB yield 

with biomass. 

 

Figure 2 Effect of acetate supplementation on biomass, C-PC & PHB yield of N. muscorum. 

(●) Control, (■) 0.2% acetate and (▲) 0.4% acetate 

 

 

Figure 2.1 Relationship between (A) biomass and C-PC yield (B) biomass and PHB yield of N. 

muscorum under acetate supplementation.  

3.5. Effect of fructose  

Similarly, fructose supplementation was also found to stimulate biomass, C-PC and PHB 

accumulation (Fig3A). Biomass yield reached up to 783 mg l-1 was in 0.4% fructose 

supplemented culture. C-PC yield reached up to 146 mg l-1 in 0.4 % fructose supplementation 

followed by 132 mg l-1 in 0.2% fructose supplementation day 21 of incubation (Figure 3B). After 

C-PC extraction, PHB yield of 132 mg l-1 in 0.4 % fructose and 107 mg l-1 in 0.2% fructose, 

respectively were recorded (Figure 3C). When this yield was compared with PHB yield without 

C-PC extraction (130 mg l-1 in 0.4 % fructose and 111 mg l-1 in 0.2% fructose supplementation, 

respectively), no significant difference was observed (Figure 3C). In this case, also the correlation 

between biomass and C-PC yield was more significant than biomass vs PHB yield. 

3.6. Effect of glucose  

Under glucose supplementation, total biomass content increased up to 652 mg l-1 in 0.4% glucose 

supplemented culture, which was 35% higher against 484 mg l-1 under control condition (Figure 

4). A rise in PHB pool of 132 mg l-1 and 108 mg l-1 was observed in 0.4% and 0.2% glucose-

supplemented cultures, respectively on day 21 of incubation (Figure 4C). When PHB and C-PC 

was extracted simultaneously, almost the same yield of PHB was found (123 mg l-1 and 111 mgl-1 
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under 0.4% and 0.2% glucose-supplementation, respectively). C-PC yield increased up to 140 mg 

l-1 under 0.4% glucose supplementation which was 2.5 fold higher than the control condition (57 

mg l-1). C-PC accumulation was found to be directly correlated with biomass yield (Figure 4.1A). 

 

Figure 3 Effect of fructose supplementation on biomass, C-PC & PHB yield of N. muscorum. 

(●) Control, (■) 0.2% fructose and (▲) 0.4% fructose  

 

Figure 3.1 Relationship between (A) biomass and C-PC yield (B) biomass and PHB yield of N. 

muscorum under fructose supplementation.  

3.7. Effect of maltose and sucrose  

Significant enhancement in biomass yield up to 35% and 32% were observed under 0.4% maltose 

and sucrose supplementation respectively, on day 21 of incubation when compared against the 

control condition (Figure 5A). Significant rise in PHB yield was obtained under maltose and 

sucrose supplementation, which was however, much lower as compared to the yield obtained 

under glucose, fructose and acetate supplementation (Figure 2A,3A,4A). Maltose 

supplementation was found to enhance the C-PC yield of 127 mg l-1 under 0.4% maltose 

supplementation on day 21 of incubation (Figure 5B). With sucrose supplementation, C-PC 

content increased, attaining a maximal value 136 mg l-1 (0.2% sucrose) during stationary phase 

(Figure 6B). The correlation between C-PC and biomass yield and PHB and biomass yield are 

comparable (Figure 6.1A,6.1B). Thus, Biomass, PHB and C-PC yield, from N. muscorum under 

various conditions revealed that glucose and fructose were found more suitable substrates for 

production of both C-PC and PHB simultaneously from N. muscorum. 

4. Discussion 

Cyanobacteria are oxygenic photoautotrophic microorganisms. Using cyanobacteria is one of the 

most promising eco-friendly ways as the ‘greenhouse gas’ is photosynthetically converted into 

biodegradable plastics and C-PC by utilizing sunlight as the energy source. Intracellular 

accumulation of PHB appeared to be carbon-source specific and positive impact of acetate, 
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fructose, glucose, maltose and sucrose was found on PHB accumulation. A highly positive 

correlation between growth and PHB content (r = 0.909, P< 0.05 for fructose; r = 0.925, P< 0.05 

for glucose; r = 0.936, P< 0.05 for maltose, r = 0.921, P< 0.05 for sucrose) was found and depicted 

that the rise in PHB pool under supplementation of glucose, fructose, maltose and sucrose was 

due to boost in growth. Interestingly, in the acetate-supplemented cultures, an insignificant 

correlation with growth was established (r = 0.883, P> 0.05). 

 

Figure 4 Effect of glucose supplementation on biomass, C-PC & PHB yield of N. muscorum. 

(●) Control, (■) 0.2% glucose and (▲) 0.4% glucose 

 

Figure 4.1 Relationship between (A) biomass and C-PC yield (B) biomass and PHB yield of N. 

muscorum under glucose supplementation. 

The possible explanation for the enhanced PHB pool up to 141 mg l-1 under 0.4% acetate-

supplemented cultures could be due to the availability of plenty of PHB precursor i.e. acetyl-CoA 

(19,20). The stimulatory effect of acetate is due to the direct utilization of acetate for the 

synthesis of the polyester by means of the usual pathway operating in prokaryotes (17).  

 

Figure 5 Effect of maltose supplementation on biomass, C-PC & PHB yield of N. muscorum. 

(●) Control, (■) 0.2% maltose and (▲) 0.4% maltose 
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Glucose utilization in cyanobacteria however, occurs via pentose phosphate pathway. Thus, the 

positive effect of glucose on PHB production could be attributable to the increased supply of the 

reduced cofactor, NADPH which is prerequisite for the activity of the enzyme acetoacetyl-CoA 

reductase for conversion of acetoacetyl-CoA to ß-hydroxybutyryl-CoA (3). 

 

Figure 5.1 Relationship between (A) biomass and C-PC yield (B) biomass and PHB yield of N. 

muscorum under maltose supplementation. 

 

Figure 6 Effect of sucrose supplementation on biomass, C-PC & PHB yield of N. muscorum. 

(●) Control, (■) 0.2% sucrose and (▲) 0.4% sucrose 

 

Figure 6.1 Relationship between (A) biomass and C-PC yield (B) biomass and PHB yield of N. 

muscorum under sucrose supplementation. 

The availability of carbon influenced the accumulation of C-PC in N. muscorum. Carbon 

supplementation resulted in accumulation of relatively high cellular C-PC contents and maximum 

was found 146 mg l-1 under 0.4% fructose supplemented condition. A highly positive correlation 

between C-PC content and biomass yield (r = 0.963, P< 0.05 for acetate; r = 0.943, P< 0.05 for 

glucose; r = 0.958, P< 0.05 for fructose; r = 0.923, P< 0.05 for maltose, r = 0.924, < 0.05 for sucrose) 

demonstrated that the rise in C-PC content in carbon-supplemented medium is due to the 

increased biomass yield. This is well in agreement with Chen, et al. (15) where specific growth 

rate and biomass concentration were significantly enhanced by the addition of glucose and 
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acetate in Spirulina platensis culture. More recently, much attention has been drawn to the 

potential use of cyanobacteria for production of high value chemicals. In this study, maximum C-

PC and PHB accumulation was recorded in 0.4% fructose supplementation followed by 0.4% 

glucose supplementation. Fructose was found to have maximum stimulatory effect on 

simultaneous C-PC and PHB yield. 

5. Conclusions 

PHB yield without C-PC extraction was not found to differ significantly from PHB yield with C-PC 

extraction simultaneously. The C-PC content increased up to 146 mg l-1 under 0.4% fructose 

supplementation followed by 140 mg l-1 under 0.4% glucose supplementation. Thus, 

demonstrating simultaneous production of both the products, i.e. PHB and C-PC is possible. 
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