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ABSTRACT

Cyanobacteria (Blue- green algae) are a morphologicaly diverse and widely
distributed group of prokaryotic organisms which show plant-type oxygenic
photosynthesis. Cyanobacterial phycobiliproteins are water-soluble florescent

Keywords accessory photosynthetic pigments which include phycocyanin, allophycocyanin

and phycoerythrin. The commercia or biotechnological applications of
Cyanobacteria, phycobiliproteins in food and cosmetic industries as well as in nutraceuticals and
Phyco- pharmaceuticals are known. Different factors regulating phycobiliprotein
biliproteins, production in coccoid (Synechocystis sp. and Gloeocapsa sp.) and filamentous
Phycocyanin, (Anabaena sp. and Lyngbya sp.) cyanobacteria, isolated from high altitude
Allo- freshwater and terrestrial habitats, were investigated. The study revealed that the
phycocyanin, content of phycobiliprotein varied with factors like pH, temperature, light intensity
Phycoerythrin and light-dark period in the cyanobacteria investigated. Maximum level of

phycobiliprotein was recorded at pH 8, temperature 35 °C, light intensity 2000 lux
and light-dark period 16:08 h. The results indicate that the production of
phycobiliproteinsin cyanobacteria can be optimized by regulating these factors.

I ntroduction

Cyanobacteria (Blue-green algae), are an
ancient, diverse and highly adaptable
group of photosynthetic prokaryotes,
exhibiting  oxygenic  photosynthesis
(Stanier and Cohen-Bazire, 1977). They
inhabit a wide range of terrestrial and
aquatic habitats, including those with
extreme conditions (Tandeau de Marsac
and Houmard 1993; Ward and
Castemholz, 2000; Oren, 2000). Their
morphology vary from simple unicellular
and colonial to complex filamentous forms
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(branched or unbranched) with or without
heterocysts, the thick-walled differentiated
cells carrying nitrogen fixation. In addition
to the applications of cyanobacteria in
agriculture, nutraceuticals, bioenergy and
bioremediation (Abed et al., 2009;
Patterson, 1996), they have received
considerable attention as a rich source of
phycobiliproteins. Phycobiliproteins are
water-soluble accessory photosynthetic
pigments found in cyanobacteria, red algae
and cryptomonads (Rowan, 1989). They
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include blue colored phycocyanin, bluish-
green colored alophycocyanin and red
colored phycoerythrin, showing maximum
absorbance at wavelengths 620nm, 650nm
and 565 nm, respectively (Grossman et al.,
1993). They assemble to form
supramolecular complexes, caled
phycobilisomes (PBS), located on outer
surface of thylakoid membranes (Cohen-
Bazire and Bryant, 1982).
Phycobiliproteins may comprise up to
40% of total soluble protein content in
cyanobacteria.

Phycobiliproteins are regarded as non-
toxic and non-carcinogenic natural food
colorants alternative to the widely used
synthetic food colorants/additives having
potential toxicity and carcinogenicity
(Cohen, 1986; Mille-Claire et al., 1993;
Chaneva et al., 2007). They are known to
possess certain pharmacologically
important activities, such as antioxidative,
neuroprotective,  anticancerous,  anti-
inflammatory and hepatoprotective
(Rimbau et al., 1999; Liu et al., 2000;
Romay et al., 2003). Moreover, they have
applications in cosmetics, biomedical
researchn  and clinica  diagnostics
(Dainippon Ink and Chemicals, 1985;
Kronick, 1986; Araoz et al., 1998). The
potential use of various cyanobacteria
species for commercial production of
phycobiliproteins have been reported by
many workers (Takano et al., 1995; Chen
et al.,, 1996; Chaneva et al., 2007).
Factors like light, temperature, pH and

nutrient availability are known to
influence the amount of various
phycobiliproteins in cyanobacteria

(Takano et al., 1995; Chanevaet al., 2007,
Grossman et al., 1994; Simeunovic et al.,
2013; Hemlata and Fatma, 2009). The
necessity of detailed investigation of the
effects of environmental factors or growth
conditions, such as temperature, light
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intensity, photoperiod and pH on
phycobiliprotein content in cyanobacteria
has been provoked by the requirement of
optimization of culture or growth
conditions for yield maximization of
phycobiliproteins. Knowledge of
individual factor would be helpful in
producing both cyanobacterial biomass
and phycobiliproteins in desired quantity.
The present study was undertaken to
investigate  the  factors  regulating
phycobiliprotein production in selected
cyanobacteria isolated from high altitude
freshwater and terrestrial habitats.

Materialsand M ethods

Sampling and identification

Cyanobacteria, both coccoid
(Synechocystis sp. and Gloeocapsa sp.)
and filamentous (Anabaena sp. and
Lyngbya sp.), employed in the present
study were isolated from high altitude
freshwater and terrestrial habitats located
in Uttarakhand, India according to the
guidelines of Rippka (1988). Clona and
axenic cultures of cyanobacteria were
established by repeated sub-culturing and
antibiotic (cyclohexamide, streptomycin
sulphate) treatment at standardized dose
following standard methods (Rippka,
1988). Cyanobacteria were identified on
the basis of morphological characteristics
(nature, shape and dimensions of cells,
colonies and filaments; presence/absence
and position of heterocysts and akinetes;
shape of intercdary and end cdls;
presence/absence and pattern of sheath)
using standard literature (Desikachary,
1959; Rippka, 1979).

Growth and culture conditions
Cyanobacteria were grown in sterilized

BG-11 culture medium (Rippka et
al.,1979) in cotton-stoppered 250-mL
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Erlenmeyer flasks at 26+2°C and under
continuous illumination (light intensity,
15 Klux PAR) provided by cool-white
fluorescent tubes. The source of combined
nitrogen (NaNOsz) was omitted from the
medium for the growth and maintenance
of heterocystous cyanobacteria. Cultures
were shaken twice a day for 15 min on
rotary shaker. Cyanobacteria growth was
monitored  spectrophotometrically by
recording the absorbance of homogenous
liquid culture a& 650 nm with UV-Vis
spectrophotometer at regular intervals
(Sorokin, 1973). Biomass was harvested
from cultures (15-days old) by
centrifugation (5,000xg, 10 min).

Estimation of phycobiliproteins

Phycobiliproteins were extracted from
harvested biomass in 0.01 M phosphate
buffer (pH 7.0), employing repeated
freezing (-20 °C) and thawing (5 °C) and
supernatants ~ were obtained by
centrifugation (10,000xg, 10 min). The
absorbance of phycobiliprotein containing
cell-free supernatants was measured at 562
nm, 615 nm and 652 nm. These
wavelengths correspond to the absorption
maxima of phycoerythrin, phycocyanin
and alophycocyanin, respectively. The
concentration of phycobiliproteins-
phycocyanin (PC), alophycocyanin (APC)
and phycoerythrin (PE) was determined
spectrophotometrically using the equation
given by Bennett and Bogorad (1973):

PC= (A615— 0474XA652)/534
APC= (A652— 0208XA615)/509

PE= [Ase— (2.41xPC) —
(0.849%APC)]/9.62

Total phycobiliprotein= PC+APC+PE

The values were expressed as pg/ml of
culture and presented as means of
triplicate measurements.

Results and Discussion
Effect of pH

Figure 1 shows the effects different factors
(pH, temperature, light intensity and light-
dark period) on the production of
phycobiliprotein in coccoid (Synechocystis
sp. and Gloeocapsa sp.) and filamentous
(Anabaena sp. and Lyngbya sp.)
cyanobacteria.  In order to assess the
influence of pH on the levels of
phycobiliprotein in cyanobacteria, the pH
of the culture medium was adjusted at
values 6, 7, 8, 9 and 10 using 1N HCI and
IN NaOH, the other parameters (e.g.
temperature, light intensity and light-dark
period) being optimaly constant. As
shown in the figure, the pH value of 8 of
the culture medium was found to be
optimum, vyielding the maximum total
phycobiliprotein in the cyanobacteria
examined with the values 57.8 pg/ml in
Synechocystis  sp., 652 pg/ml in
Gloeocapsa sp., 86.5 pg/ml in Anabaena
sp. and 104.1 pug/ml in Lyngbya sp. This
finding suggests that the optimum pH
(7.6-8) required for the growth of
cyanobacteria can be correlated with the
optimum pH for  phycobiliprotein
production. The observed pH optimum
vaue for the maximum production of
phycobiliprotein is consistent with the
values reported for the cyanobacteria
Synechocystis (Hong and Lee, 2008) and
Anabaena NCCU-9 (Hemlata and Fatma,
2009). Theincreasein pH, from 7 to 9, of
the culture medium has been reported to
increase the total phycobiliprotein content
in Nostoc sp. UAM 206 (Poza-Carrion et
al., 2001). pH is an important factor
which not only determines diversity,
distribution, abundance and growth of
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cyanobacteria in  various freshwater and
terrestrial ecosystems, but also influence
their metabolic or biochemical activities
considerably in laboratory cultures
(Whitton, 2000; Sardeshpande and Goya
1981; Richmond, 1986; Rafiqul et a.,
2005). Cyanobacteria generally prefer
neutral to slightly alkaline pH for optimum
growth (Singh 1961; Kaushik, 1994).

Effect of temperature

In order to investigate the influence of
temperature on phycobiliprotein
production, the cultures of cyanobacteria
were incubated at different temperature
(20 °c, 25°C, 30°C, 35°C, 40°C, 45°C) for
a gpecific duration in a fluorescent
tubes/lamps equipped BOD incubator,
keeping other culture conditions (e.g. light
intensity, light-dark and pH) optimally
constant. In the present study, the
optimum temperature for maximum
phycobiliprotein production was found to
be 35°C for al the cyanobacteria
investigated with the values 57.8 pg/ml in
Synechocystis  sp.,, 649 pg/ml  in
Gloeocapsa sp., 88.1 pg/ml in Anabaena
sp. and 100.9 pg/ml in Lyngbya sp. Other
researchers have reported 37°C  as
optimum temperature for the production of
phycobiliprotein in Arthronema africanum
(Chaneva et al., 2007), 36 °C in
Synechococcus (Sakamoto and Bryant,
1998) and 30°C in Anabaena NCCU-9
(Hemlata and Fatma, 2009). Temperature
is an important physical factor which
strongly influences growth as well as
various physiological and biochemical
processes in cyanobacteria (Inoue et al.,
2001; Murata, 1989; Vonshak, 2003;
Shukla and Kashyap, 1999).

Effect of light intensities

The influence of light intensity was
investigated by incubating the cultures at
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different light intensities (500, 1000, 1500,
2000, 2500, 3000 Iux) for specific
duration. Light intensities were adjusted to
desired levels by changing the
distance/orientation/angle of culture flasks
from the light source and/or by changing
the  number/power  of  fluorescent
tubes/bulbs growth chamber. The other
culture conditions (e.g. temperature, light-
dark period and pH) were kept optimally
constant. Maximum phycobiliprotein
production was observed at 2000 lux,
yielding phycobiliprotein  concentration
57.7 pg/ml in Synechocystis sp., 63.9
png/ml in Gloeocapsa sp., 86.9 pug/ml in
Anabaena sp. and 100.6 pg/ml in Lyngbya
sp. Light intensity of 25 umol photons m’
s (=1850 lux) has been reported to be
optimal for phycobiliprotein production in
cyanobacteria ~ Synechococcus NKBG
042902 (Takano et al., 1995), Spirulina
subsalsa and S. maxima (Tomasseli et al.,
1995, 1997), Synechocystis (Hong and
Lee, 2008) and Anabaena NCCU-9
(Hemlata and Fatma, 2009).

Cyanobacteria are known to prefer low
light intensities and stimulate
phycobiliprotein synthesis because of their
low specific maintenance energy and
pigment composition (Grossman et al.,
1993; Mur and Elema, 1983). For

photosynthetic  organisms,  including
cyanobacteria, light (primary energy
source) is an essentia factor or

requirement for growth and development,
and the intensity, quality and duration of
light plays a critical role in the growth and
physiology of cyanobacteria, enabling
them to cary out al the necessary
metabolic processes. In addition to
quantitative changes in pigments, the
qualitative composition of pigments may
change with the variation in light intensity
(Richardson et al., 1983).
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Effect of light-dark period

Similarly, the influence of light-dark
period (photoperiod) on phycobiliprotein
production was investigated by adjusting
different light: dark regime (24:00, 14:10,
16:08, 12:12, 10:14, 08:16 h), keeping
other parameters (e.g. temperature, light
intensity and pH) optimally constant. The
results revealed that the photoperiod with
light:dark regimes 16:08 h to be optimal
for the production of phycobiliproteins in
the cyanobacteria with the values 57.7
pug/ml in Synechocystis sp., 63.7 pg/ml in
Gloeocapsa sp., 88.2 pg/ml in Anabaena
sp. and 101.9 pg/ml in Lyngbya sp. A
photoperiod with light:dark regimes 16:08
h has earlier been reported to be optimal
for  phycobiliprotein  production in
cyanobacteria Calothrix elenkenii
(Prasanna et al., 2004) and Anabaena
NCCU-9(Hemlata and Fatma, 2009).

Acknowledgement

We are thankful to Head, Department of
Plant Sciences, M.JP. Rohilkhand
University, Barellly, Uttar Pradesh for
providing laboratory facilities and required
infrastructure. The financial assistance
provided by University Grants
Commission, New Delhi to S.S. Maurya
under Faulty Improvement Programme is
gratefully acknowledged.

Refer ences

Abed, RM.M., S. Dobretsov and Sudesh,
K. 2009. Applications of
cyanobacteria in biotechnology.  J.
Appl. Microbiol. 106 1-12.

Araoz, R., M.Lebert and Hader, D.P. 1998.

Electrophoretic applications  of
phycobiliproteins.
Electrophoresis 19: 215-219.

Bennett, A. and Bogorad, L. 1973.

Complementary chromatic adaptation

769

in a filamentous blue-green alga. J.
Cell Biol. 58 419-435.

Chaneva, G., S. Furnadzhieva, K. Minkova
and Lukavsky, J. 2007. Effect of light

and  temperature on the
cyanobacterium Arthronema
africanum- a prospective

phycobiliprotein-producing strain. J.
Appl. Phycol. 19: 537-544.

Chen, F., Y. Zhang and Guo, S. 1996.
Growth and phycocyanin formation of
Soirulina platensis in
photohetrotrophic culture. Biotechnal.
Lett. 18: 603-608.

Cohen, Z., 1986. Products from microalgae.
In.  Richmond, A. (Ed), CRC
Handbook of Microagae Mass
Culture, CRC Press, Boca Raton,
Florida, USA, pp.421-454.

Cohen-Bazire, G. and Bryant, D.A. 1982.
Phycobilisomes:  composition  and
structure.  In:  Car, N.G. and
Whitton,B.A. (Eds.), The Biology of
Cyanobacteria, Blackwell Scientific
Publications, Oxford, pp. 143-190.

Dainippon Ink and Chemicals. 1985. Lina
blue A (natural blue colorant of
Spirulina origin), Technical
Information, Dainippon Ink and
Chemicals, Tokyo, Japan.

Desikachary, T.V.1959. Cyanophyta, Indian
Council of Agricultural Research,
New Delhi.

Grossman, A.R., M.R.Schaefer, G.G.Chiang
and Collier, J.L. 1993. Environmenta
effects on the light-harvesting
complex of cyanobacteria J.
Bacteriol. 175: 575-582.

Grossman, A.R., M.R.Schaefer, G.G.Chiang
and Collier, JL. 1993. The
phycobilisomes, a light-harvesting
complex responsive to environmental
conditions. Microbiol. Rev. 57(3):
725-749.

Grossman, A.R., M.R.Schaefer, G.G.Chiang
and Collier, JL. 1994. The responses
of cyanobacteria to environmenta
conditions: light and nutrients. In:



Bryant, D.A.(Ed.), The Molecular
Biology of Cyanobacteria, Kluwer
Academic Publishers, Dordrecht, pp.
641-675.

Hemlata and Fatma, T. 2009. Screening of
cyanobacteria for phycobiliproteins
and effect of different environmental
stress on its yield. Bull. Environ.
Contam. Toxicol. 83:509-515.

Hong, SJand LeeC.G. 2008. Statistical
optimization of culture media for
production of phycobiliprotein by

Synechocystis sp. PCC6701.
Biotechnol. Bioprocess Eng. 13: 491-
498.

Inoue, N., Y.Tara, T. Emi, Y.Yamane, Y.
Kashino, Koike, H., et al. 2001
Acclimation to the growth temperature
and the high temperature effects on
photosystem I1 and plasma membranes
in a mesophilic cyanobacterium
Synechocystis sp. PCC6803. Plant Cell
Physiol. 42: 1140-1148.

Kaushik, B.D. 1994. Algalization of rice in
salt-affected soils. Ann. Agric. Res.
14: 105-106.

Kronick, M.N. 1986. The wuse of
phycobiliproteins as fluorescent labels
in immunoassay. J.Immunological
Methods 92: 1-13.

Liu, Y., L. Xu, N. Cheng, L. Lin and Zhang,
C. 2000. Inhibitory effect of
phycocyanin from Spirulina platensis
on the growth of human leukemia
K562 cells. J. Appl. Phycol. 12: 125-
130.

Mille-Claire, C., D. Mille, Y. De-Roeck-

Holtzhauer and Roeck, H. 1993.

Orange- red colorant comprising a

typel R-phycoerythrin, its

manufacture and use. French Patent
application 2690452A 1,FR92-

05333(19920423).

L.R. and Elema, R.P.1983. The
influence of light quality on the
growth of some phytoplankton
species. Laboratory of Microbiology,
University of Amsterdam, Niewe
Achtergracht 127, 1018 WS,

Mur,

770

Amsterdam, The Netherlands.

Murata, N. 1989. Low-temperature effects
on cyanobacteria membranes. J.
Bioenerg. Biomembr. 21: 61-65.

Oren, A., 2000. Sdts and brines. In:
Whitton, B.A. and Potts, M. (Eds.),
The Ecology of Cyanobacteria: Their
Diversity in Time and Space, Kluwer
Academic Publishers, Dordrecht, The
Netherlands, pp. 281-306.

Patterson, G.M.L. 1996. Biotechnological
applications of cyanobacteria. JSIR
55: 669-684.

Poza-Carrion, C., E. Fernadez-Valiente, F.
Fernadez-Pinas and Leganes, F. 2001.
Acclimation of photosynthetic
pigments and photosynthesis of the
cyanobacterium Nostoc sp.  Strain
UAM 206 to combined fluctuations of
irradiance, PH and inorganic carbon
availability. J. Plant Physiol. 158:
1455-1461.

Prasanna, R., A. Pabby, S. Saxena and
Singh, P.K. 2004 . Modulation of
pigment profiles of Calothrix elenkenii
in response to environmental changes.
J. Plant Physiol. 161(10):1125-32.

Rafiqul, I.M., K.C.A. Jda and Alam, M. Z.
2005. Environmental factors for
optimization of Spirulina biomass in
laboratory  culture.  Biotechnology
4:19-22.

Richardson, K., J. Beardall and Raven, JA.
1983. Adaptation of unicellular algae
to irradiance: an analysis of strategies.
New Phytol. 93: 157-191.

Richmond, A. 1986. Microagalculture.
CRC Crit. Rev. in Biotechnol. 4: 369-
438.

Rimbau, V., A. Camins, C. Romay, R.
Gonzadlez and Pdlas, M. 1999.
Protective effects of C-phycocyanin
against kainic acid-induced neurona
damage in rat hippocampus. Neurosci
Lett. 276: 75-78.

Rippka, R. 1988. Isolation and purification
of cyanobacteria. Methods in
Enzymology 167 3-27.



Rippka, R., J. Deruelles, J.B. Waterbury, M.
Herdman and Stanier, R.Y. 1979.
Generic assignments, strain histories
and properties of pure cultures of
cyanobacteria. J. Gen. Microbiol. 111:
1-61.

Romay, C., R. Gonzdez, N. Ledon, D.
Remirez and Rimbau, V. 2003. C-
Phycocyanin: a biliprotein  with
antioxidant, anti-inflammatory and
neuroprotective effects. Curr. Protein
and Peptide Sci. 4: 207-216.

Rowan, K.S. 1989. Photosynthetic Pigments
of Algae, Cambridge University Press,

Cambridge.

Sakamoto, T. and Bryant, D.A.1998.
Growth at low temperature causes
nitrogen limitation in the
cyanobacterium Synechococcus
sp.PCC  7002. Arch. Microbiol.
169:10-19.

Sardeshpande, J.S. and Goyal, S.K.1981.
Effect of pH on growth and nitrogen
fixation by blue green algae. Phykos.
20: 107-113.

Shukla, S. P. and Kashyap, A. K. 1999. The
thermal responses and activation
energy of PS II, nitrate uptake and
nitrate reductase activities of two
geographically different isolates of
Anabaena. Cytobios 99: 7-17.

Simeunovic, J., K. Bedlin, Z. Svireev, D.
Kovac and Babic, O. 2013. Impact of
nitrogen and drought on
phycobiliprotein content in terrestrial
strains. J. Appl. Phycal. 25 597-607.

Singh, R.N.1961. Role of blue-green agae
in nitrogen economy of Indian
agriculture.  Indian  Council  of
Agricultural Research, New Delhi.

Sorokin, C. 1973. Dry weight, packed cell
volume and optical density. In: Stein,
JR.(Ed.), Handbook of Phycological
Methods, Cambridge University Press,
Cambridge, pp. 321-343.

Stanier, R.Y. and Cohen-Bazire, G. 1977.
Phototrophic prokaryotes:.  the
cyanobacteria. Annual Rev.
Micraobiol. 31: 225-274.

771

Takano, H., T. Ara, M. Hirano and
Matsunaga, T. 1995. Effect of
intensity and quality of light on
phycocyanin production by a marine
cyanobacterium Synechococcus
sp.NKBG042902. Appl. Microbiol.
Biotechnol. 43: 1014-1018.

Tandeau de Marsac, N., and Houmard
J.1993. Adaptation of cyanobacteria to
environmental stimuli: new steps
towards molecular  mechanisms.
FEMS Microbiol. Lett. 104: 119-189.

Tomassdli, L., G. Boldrini and Margheri,
M.C.1997. Physiological behaviour of
Arthrospira  (Spirulina)  maxima
during acclimation to changes in
irradiance. J. Appl. Phycol. 9: 37-43.

Tomassdli, L., M.C. Margheri and Sacchi,
A. 1995. Effects of light on pigments
and photosynthetic activity in a
phycoerythrin- rich strain of Spirulina
subsalsa. Aquat. Microb. Ecol. 9: 27-
31.

Vonshak, A. 2003. Spirulina: growth,
physiology and biochemistry. In:
Vonshak, A. (Ed.), Spirulina platensis
(Arthrospira): Physiology, Cdl
Biology and Biotechnology, Taylor &
Francis, London, pp. 43-65.

Ward, D. M., and Castenholz, R.W. 2000.
Cyanobacteria in geothermal habitats.
In: Whitton, B. A. and Potts, M (Eds.),
The Ecology of CyanobacteriaTheir
Diversity in Time and Space, Kluwer
Academic Publishers, Dordrecht, The
Netherlands, pp. 37-59.

Whitton, B. A. (2000). Soils and rice-fields.
In: Whitton, B. A. and Potts, M (Eds.),
The Ecology of CyanobacteriaTheir
Diversity in Time and Space, Kluwer
Academic Publishers, Dordrecht, The
Netherlands, pp. 233-255.



