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Keywords: ABSTRACT: The extraction of poly-pB-hydroxybutyrate (PHB) and C-
phycocyanin (C-PC) from Nostoc muscorum revealed that PHB yield after C-PC
extraction was not found differ significantly as without C-PC extraction. Under

photoautotrophic growth condition, the test cyanobacterium accumulates PHB

C-phycocyanin,
Nostoc muscorum, Carbon source,
Mixotrophy, Poly-B-hydroxybutyrate

and C-PC with a maximum yield of 40 and 57 mg I-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 I-1 was recorded in 0.4 % fructose supplementation.
High C-PC and PHB yield was observed in 0.4% fructose supplementation
followed by 0.4% glucose supplementation. Here, in this study we show, that
PHB vyield after C-PC extraction was not affected significantly and C-PC yield
was found enhanced under 0.4 % carbon source (fructose and glucose)
supplementation. Significant Biomass and PHB yield depicted under
supplementation of glucose, fructose, maltose and sucrose was due to boost in
growth. Thus, present study demonstrates the extraction of both the products, i.e.
PHB and C-PC is possible.
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INTRODUCTION: Cyanobacteria are being used
for the extraction 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. Due to
photosynthetic ~ consumption of CO, by
Cyanobacteria, they altering earth’s atmosphere and
leading to the production of oxygen gas *.
Cyanobacteria ~ produce  several bioactive
compounds that have antibacterial, antifungal,
antiviral, and antialgal properties of pharmaceutical
and agricultural significance .
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For the production of valuable metabolites several
microorganisms have been utilized in the past
although the potential of cyanobacterial species for
many of the metabolites are largely unexplored 2.
Recently it has been demonstrated that (S) and (R)-
3HB (precursor of biodegradable plastic) can be
photosynthetically produced from source of
sunlight and CO, *. However, it is well known that
PHA is a natural energy and carbon storage product
of prokaryote *.

It have been reported that most of the known
cyanobacteria producing polyhydroxy alkanoate
(PHAS) approximately up to 6% * °. Recently it has
been reported that under bright sunlight and high
cell-density conditions photosynthetic productivity
and biomass accumulation enhances in a
cyanobacteria . It also has been reported that flux
of carbon is also the possible driving force for the
biosynthesis of PHA ®,
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Cyanobacteria are also being used for extractions
of C-phycocyanin °, *°. As cyanobacteria have short
generation time and photoautotrophic in nature
attract the attention to produce PHA and C-PC.
Extraction and purification of C-PC has been
reported from different cyanobacterial strains ** *°.
Recently work revealed that C-PC have protective
effect against acute lung injury induced by
lipopolysaccharide *2. CPC have therapeutic effect
against pulmonary fibrosis *3, also used as food **,
coloran *°, fluorescent dye ' and antimalarial
activity ’. C-PC also functions in antioxidation °
and have antitumor *®, immunity enhancement *°,
antioxidant and antiproliferative activities %°.

The work on cyanobacteria for PHB extraction has
been well reported by many researchers 2% % 2,
More recently, PHB accumulation found up to 46%
under chemo-heterotrophy and phosphate limitation
23 Recently there is a report for improvement of
solar energy conversion efficiency by enhancing
natural photosynthesis 2, if it happens it would be
very useful to increase C-PC and PHB production.
Specific objectives of the present study, is to
explore the extraction of C-PC followed by PHB
extraction from the Nostoc muscorum and also the
impact of carbon sources on C-PC and PHB
production.

MATERIALS AND METHODS:

Organism and growth conditions: Established
culture of Nostoc muscorum Agradh was
maintained in complete BG-11 medium®. The
Nostoc muscorum culture was maintained in a
controlled culture conditions 28 + 2 °C, pH 8.5,
under a photoperiod of 14:10 h at light intensity of
75 p mol photon m-2 s -1 PAR.

Estimation of dry cell weight (dcw): Estimation
of dry cell weight was done accordingly .
Acetone extraction method was followed for the
extraction of C-PC. Cell culture of N. muscorum
was taken in a centrifuge tube and centrifuged
(5000 rpm, 10 min), discarded the supernatant
followed by addition of 20 ml (80% acetone). Such
an obtained pellet Kept for incubation (over night,
4 °C), centrifuged (5000 rpm, 10 min), discarded
the supernatant added 20 ml of distilled water and
kept at 50 °C for 30 min. To get the supernatant
containing the crude phycobiliproteins centrifuged
the tube (5000 rpm, 10 min). After phycocyanin

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

extraction processed the same pellet for PHB
extraction in methanol at 4 °C (overnight) for
removal of other pigments. Centrifuged (5000 rpm,
10 min) discarded the supernatant and dried the
pellet (60 °C). The hot chloroform extractions were
performed for PHB and then precipitate in diethyl
ether, centrifuged (5000 rpm, 20 min) to get the
pellet and the same was dissolved in hot
chloroform.

Estimation of C-PC: The C-PC estimation was
performed using the UV-Vis absorbance spectra
(250-820 nm) obtained from a spectrophotometer
(Lambda 25 UV/Vis). The C-PC yield and purity
ratio (R) estimated accordingly 2 %. 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 x A650)/5.34 Purity
ratio (R) = A620 / A280

Detection and confirmation of poly-B-
hydroxybutyrate (PHB): The spectrophotometric
assay was performed following Law and Slepecky
(1961) ?°. The sample containing the polymer in
chloroform was transferred to a clean test tube. The
chloroform was evaporated and concentrated
H,SO,4 (10 ml) was added, heated in a boiling water
bath (10 min). Detection and confirmation of PHB
was also done gas-chromatographically following
Riis and Mai (1988) * using a Gas Chromatograph
(Perkin Elmer, Shelton, CT, USA). The extracted
polymer isolated from 20 ml biomass suspended
with  2ml 1,2-dichloroethane, 2ml propanol
containing hydrochloric acid (1:4, v/v), standard
solution (4%, w/v) the samples were shaken for 30
sec. After 24 h, organic phase was directly
analysed. 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.

RESULTS: Detection and confirmation of C-PC
and PHB from N. muscorum grown under
photoautotrophic mode were analyzed. (Fig. 1A).

The polymer extracted from N. muscorum and the
standard PHB after acid digestion represented in
Fig. 1B, both the spectra depicted complete
matching. PHB and C-PC content with reference to
growth under batch mode is presented in Fig. 1C.
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FIG. 1: (A) ABSORPTION SPECTRUM OF C-PC (B) SPECTRA OF PHB EXTRACTED FROM N. MUSCORUM
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FIG. 1: (C) PHB AND C-PC ACCUMULATION IN N. MUSCORUM WITH REFERENCE TO GROWTH IN
PHOTOAUTOTROPHIC CONDITIONS (m) Biomass, (#) C-PC, (A) PHB and (A) PHB followed by C-PC extraction

Growth curve of N. muscorum revealed a lag of 7
days followed by the logarithmic phase and the
stationary phase on day 21. The maximum PHB
and C-PC accumulation was observed at the
stationary phase, i.e. on day 21 (40 mg I™") and (57
mg I, Fig. 1C) respectively. PHB yield after C-PC
extraction was not found differ significantly
without C-PC extraction (Fig. 1C). Impact of
carbon source supplementation (acetate, fructose,
glucose, maltose and sucrose) on PHB and C-PC

glucose, maltose and sucrose stimulate PHB yield
(Fig. 2-6). Maximum C-PC and PHB yield was
observed on day 21 of incubation.

Effect of acetate: Cultures supplemented with
acetate depicted significant rise in biomass and
PHB content. Biomass yield reached only upto
512.2 mg I under 0.4% acetate supplementation as
compare to 484 mg I* on day 21 of incubation
(Fig. 2A)
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FIG. 2: EFFECT OF ACETATE SUPPLEMENTATION ON BIOMASS, C-PC & PHB YIELD OF N. MUSCORUM. (o)

Control, (m) 0.2% acetate and (A ) 0.4% acetate
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An increase up to 65 mg I-* (C-PC) and 141 mg I
(PHB) yield revealed with 0.4% acetate
supplementation, on day 21 of incubation (Fig. 2B
& C). The PHB yield (141 mg I"") obtained in C-

E-ISSN: 0975-8232; P-ISSN: 2320-5148

PC extracted sample was found comparable with

the PHB yield obtained from the sample without C-

PC extraction (148.9 mg I'*) (Fig. 2C).
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FIG 2.1: RELATIONSHIP BETWEEN (A) BIOMASS AND C-PC YIELD (B) BIOMASS AND PHB YIELD OF N.

MUSCORUM UNDER ACETATE SUPPLEMENTATION

Relationship of C-PC and biomass yield and PHB
and biomass yield shown in Fig 2.1A & B, where
the C-PC vyield with biomass are more correlated
than PHB yield with biomass.

Effect of fructose:  similarly, fructose
supplementation enhances biomass C-PC and PHB
yield (Fig. 3A).
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FIG. 3: EFFECT OF FRUCTOSE SUPPLEMENTATION ON BIOMASS, C-PC & PHB YIELD OF N. MUSCORUM.

(®) Control, (m) 0.2% fructose and (A ) 0.4% fructose

Biomass vyield reached up to 783 mg I™* was in
0.4% fructose supplemented culture. C-PC vyield
reached up to 146 mg I* in 0.4 % fructose
supplementation followed by 132 mg I™* in 0.2%

fructose supplementation day 21 of incubation
(Fig. 3B). After C-PC extraction, PHB vyield of 132
mg 1™ in 0.4 % fructose and 107 mg I in 0.2%
fructose, respectively were recorded (Fig. 3C).
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FIG 3.1: RELATIONSHIP BETWEEN (A) BIOMASS AND C-PC YIELD (B) BIOMASS AND PHB YIELD OF N.
MUSCORUM UNDER FRUCTOSE SUPPLEMENTATION
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When this yield was compared with PHB vyield
without C-PC extraction (130 mg I* in 0.4 %
fructose and 111 mg I* in 0.2% fructose
supplementation, respectively), biomass and C-PC
yield was more significant than biomass vs PHB
yield (Fig. 3.1 A and B).

Effect of glucose: Under glucose supplementation,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

total biomass content increased up to 652 mg 1™ in
0.4% glucose supplemented culture, which was
35% higher against 484 mg I (Fig. 4). The
enhancement of PHB pool was observed (132 mg I’
! and 108 mg I™*) in 0.4% and 0.2% glucose-
supplemented cultures, respectively on day 21 of
incubation (Fig. 4C).
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FIG. 4: EFFECT OF GLUCOSE SUPPLEMENTATION ON BIOMASS, C-PC & PHB YIELD OF N. MUSCORUM. (o)

Control, (m) 0.2% glucose and (A ) 0.4% glucose

When PHB and C-PC was extracted
simultaneously, PHB vyield was found 123 mg I*
and 111 mg I under 0.4% and 0.2% glucose-
supplementation,  respectively. C-PC  vyield
increased up to 140 mg I under 0.4% glucose

supplementation which was 2.5 fold higher than the
control condition (57 mg I™). C-PC accumulation
was significantly correlated to biomass yield (Fig.
4.1A).
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FIG 4.1: RELATIONSHIP BETWEEN (A) BIOMASS AND C-PC YIELD (B) BIOMASS AND PHB YIELD OF N.

MUSCORUM UNDER GLUCOSE SUPPLEMENTATION

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

International Journal of Pharmaceutical Sciences and Research

condition (Fig. 5A and 6A). Significant
enhancement of PHB yield was obtained under
maltose and sucrose supplementation, which was
however, much lower than glucose, fructose and
acetate supplementation (Fig. 2A, 3A & 4A).
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FIG. 5: EFFECT OF MALTOSE SUPPLEMENTATION ON BIOMASS, C-PC & PHB YIELD OF N. MUSCORUM.
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FIG. 6: EFFECT OF SUCROSE SUPPLEMENTATION ON BIOMASS, C-PC & PHB YIELD OF N. MUSCORUM. (e)

Control, (m) 0.2% sucrose and (A) 0.4% sucrose

Maltose supplementation enhanced the C-PC yield
of 127 mg I under 0.4% maltose supplementation
on day 21 of incubation (Fig. 5B). With sucrose
supplementation, C-PC content increased, attaining

a maximal value 136 mg I (0.2% sucrose) during
stationary phase (Fig. 6B). The yield of C-PC and
biomass and PHB and biomass are comparable
(Fig. 6.1A & Fig. 6.1B).
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FIG 6.1: RELATIONSHIP BETWEEN (A) BIOMASS AND C-PC YIELD (B) BIOMASS AND PHB YIELD OF N.

MUSCORUM UNDER SUCROSE SUPPLEMENTATION

Thus, Biomass, PHB and C-PC yield, from N.
muscorum under various conditions revealed that
glucose and fructose are more suitable substrates.

DISCUSSION: The Cyanobacteria (photoautotrophic)
is promising eco-friendly microorganism as the
‘green house gas’ is photosynthetically converted
into biodegradable

International Journal of Pharmaceutical Sciences and Research

plastics and C-PC by utilizing sunlight as the
energy source. The positive impact of acetate,
fructose, glucose, maltose and sucrose was found
on PHB accumulation. Interestingly, in the acetate-
supplemented cultures, an insignificant correlation
with growth was established (r = 0.883, P > 0.05).
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The availability of PHB precursor i.e. acetyl-CoA
causes the enhanced PHB pool up to 141 mgL™
under 0.4% acetate-supplemented cultures 3% %
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 I* under 0.4%
fructose supplemented condition.

The growth and biomass concentration increases
after the addition of glucose and acetate in
Spirulina platensis culture *. More recently, much
attention has been drawn to the potential use of
cyanobacteria to extract high value chemicals. In
this study, maximum C-PC and PHB yield were
observed in 0.4% fructose supplementation
followed by 0.4% glucose supplementation.
Fructose has maximum stimulatory effect on
simultaneous C-PC and PHB yield.

CONCLUSION: PHB yield without C-PC
extraction was not found to differ significantly
from PHB vyield with C-PC extraction
simultaneously. The C-PC content increased up to
146 mgL™ under 0.4% fructose supplementation
followed by 140 mgL™ under 0.4% glucose
supplementation.  Thus  demonstrating  the
extraction of both PHB and C-PC is possible.

ACKNOWLEDGEMENTS: VKY1 is grateful to
Indian Institute of Technology Kharagpur for
providing fellowship support and also thankful to
N. Mallick (Agricultural and Engineering
Department Indian Institute of Technology
Kharagpur) to provide facility to conduct the work.

CONFLICT OF INTEREST: The authors do not
have any conflict of interest.

REFERENCES:

1. Drosg B, Fritz I, Gattermayr F, and Silvestrini L: Photo-
autotrophic Production of Poly (hydroxyalkanoates) in
Cyanobacteria. Chemical and Biochemical Engineering
Quarterly 2015; 29(2): 145-156.

2. Lau NS, Matsui M, and Abdullah AAA: Cyanobacteria:
photoautotrophic microbial factories for the sustainable
synthesis of industrial products. BioMed research
international, 2015.

3. Ducat DC, Way JC, and Silver PA: Engineering
cyanobacteria to generate high-value products. Trends in
biotechnology 2011; 29(2): 95-103.

4. Wang B, Pugh S, Nielsen DR, Zhang W, and Meldrum
DR: Engineering cyanobacteria for photosynthetic

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

production  of  3-hydroxybutyrate  directly  from
CO,. Metabolic engineering 2013; 16:68-77.

Carr NG: The occurrence of poly-p-hydroxybutyrate in the
blue-green alga, Chlorogloea fritschii. Biochemistry and
Biophysics Acta 1966; 120:308-310.

Arino X, Arino JJ, Ortega-Calvo M, Hernandez-Marine
and Saiz-Jimenez C: Effect of sulfur starvation on the
morphology and ultrastructure of the cyanobacterium
Gloeothece sp. PCC 6909. Archives of Microbiology
1995; 163:447-453.

Kirst H, Formighieri C, and Melis A: Maximizing
photosynthetic efficiency and culture productivity in
cyanobacteria upon minimizing the phycobilisome light-
harvesting antenna size. Biochimica et Biophysica Acta
(BBA)-Bioenergetics 2014; 1837(10):1653-1664.

Lau NS, Foong CP, Kurihara Y, Sudesh K, Matsui M:
RNA-Seq analysis provides insights for understanding
photoautotrophic polyhydroxyalkanoate production in
recombinant Synechocystis Sp. PloS one 2014; 9(1):
€86368.

Reis A, Mendes A, Lobo H, Fernandez J, and Maggiolly J:
Production, extraction and purification of
phycobiliproteins ~ from  Nostoc  sp.  Bioresource
Technology 1998; 66:181-187.

Ranjita K, and Kaushik BD: Purification of
phycobiliproteins from Nostoc muscorum. Journal of
Scientific Research 2005; 64:372-375.

Eriksen NT: Production of phycocyanin a pigment with
applications in biology biotechnology foods and medicine.
Applied Microbiology and Biotechnology 2008; 80:1-14.
Leung PO, Lee HH, Kung YC, Tsai MF, and Chou TC:
Therapeutic effect of C-phycocyanin extracted from blue
green algae in a rat model of acute lung injury induced by
lipopolysaccharide. Evidence-Based Complementary and
Alternative Medicine 2013.

Sun YX, Zhang J, Yu GC: Experimental study on the
therapeutic effect of C-phycocyanin against pulmonary
fibrosis induced by paraquat in rats. Chinese Journal of
Industrial Hygiene and Occupational Diseases 2012;
30(9):650-655.

Abd El Baky HH, EIl Baroty GS, Ibrahem EA: Functional
characters evaluation of biscuits sublimated with pure
phycocyanin isolated from Spirulina and Spirulina
biomass. Nutricion Hospitalaria 2015; 32(1):231-241.
Bastien C, Cardin R, Veilleux E, Deblois C, Warren A,
Laurion | et al: Performance evaluation of phycocyanin
probes for the monitoring of cyanobacteria. Journal of
Environmental Monitoring 2011; 13(1):110-118.

Hussein MMA, Ali HA, Ahmed MM: Ameliorative effects
of phycocyanin against gibberellic acid induced
hepatotoxicity. Pesticide Biochemistry and Physiology
2015; 119(1):28-32.

Pankaj PP, Mallick N, Biswas S, and Varma MC: In vitro
Antimalarial activity of C-phycocyanin from Nostoc
muscorum. The Bioscan 2010; 1:69-78.

Saini MK, Sanyal SN: Cell cycle regulation and apoptotic
cell death in experimental colon carcinogenesis:
intervening with cyclooxygenase-2 inhibitors. Nutrition
and Cancer 2015; 67(4):620-636.

Cian RE, Lopez-Posadas R, Drago SR, de Medina FS,
Martinez-Augustin O: Immunomodulatory properties of
the protein fraction from Phorphyra columbina. Journal of
Agricultural and Food Chemistry 2012; 60(33):8146-8154.
Chen T, and Wong YS: In vitro antioxidant and
antiproliferative  activities of  selenium-containing
phycocyanin from selenium-enriched Spirulina platensis.

2475



Yadav and Yadav, 1JPSR, 2017; Vol. 8(6): 2469-2476.

21.

22.

23.

24.

25.

26.

Journal of agricultural
56(12):4352-4358.
Sudesh K, Taguchi K and Doi Y: Can cyanobacteria be a
potential PHA producer?, RIKEN Review 2002; 42:75-76.
Panda B, Sharma L and Mallick N: Accumulation of poly-
B- hydroxybutyrate in Nostoc muscorum and Spirulina
platensis under phosphate limitation. Journal of Plant
Physiology 2005; 162:1376-1379.

Sharma L, Singh AK, Panda B and Mallick N: Process
optimization for poly-p-hydroxybutyrate production in a
nitrogen fixing cyanobacterium, Nostoc muscorum using
response surface methodology. Bioresource Technology
2007; 98:987-993.

Blankenship RE, Tiede DM, Barber J, Brudvig GW,
Fleming G, and Ghirardi, M et al: Comparing
photosynthetic and  photovoltaic  efficiencies and
recognizing the potential for improvement. Science 2011;
332(6031):805-809.

Rippka R, Neilson A, Kunisawa R, and Cohen-Bazire, G:
Nitrogen fixation by unicellular blue-green algae. Archives
Microbiology 1971; 76:341-348.

Rai LC, Mallick N, Singh JB, and Kumar HD:
Physiological and biochemical characteristics of a copper
tolerant and a wild type strain of Anabaena doliolum under
copper stress. Journal of Plant Physiology 1991; 138:68-
74.

and food chemistry 2008;

217.

28.

29.

30.

31.

32.

33.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Bennet A, and Bogorad L: Complementary chromatic
adaptation in a filamentous blue green algae, Journal of
Cell Biology 1973; 58:419-435.

Minkova KM, Tchernov AA, Tchorbadjieva MI,
Fournadjieva ST, Antova RE, and Busheva MC et al:
Purification of C-phycocyanin from a Spirulina
(Arthrospira) fusiformis. Journal of Biotechnology 2003;
102:55-59.

Law JH, and Slepecky RA: Assay of poly-p-
hydroxybutyric acid. Journal of Bacteriology 1961; 82:33-
36.

Riis V, and Mai W: Gas chromatographic determination of
poly-B-hydroxybutyric acid in microbial biomass after
hydrochloric acid propanolysis. Journal of
Chromatography 1988; 445:285-289.

Doi, Y: Microbial Polyesters, New York, VCH Publishers
1990; 166.

Kessler B, and Witholt B: Factors involved in the
regulatory network of polyhydroxyalkanoate
metabolism, Journal of Biotechnology 2001; 86:97-104.
Chen F, Zhang Y, and Guo S: Growth and phycocyanin
formation of Spirulina in photohetrotrophic culture,
Biotechnology Letters 1996; 18:603-608.

How to cite this article:
Yadav VK and Yadav VK: Impact of different carbon supplement on extraction of c-phycocyanin (C-PC) followed by poly-p-
hydroxybutyrate (PHB) from Nostoc muscorum. Int J Pharm Sci Res 2017; 8(6): 2469-76.doi: 10.13040/1JPSR.0975-8232.8(6).2469-76.

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

2476




