Plant Archivesvol. 14 No. 1, 2014op. 43-50 ISSN 0972-521d

BIOMASS, BIOCHEMICAL COMPOSITION AND PHYCOBILIPROTEIN
CONTENT OF SOME CYANOBACTERIA ISOLATED FROM DIFFERENT
HIGH ALTITUDE HABIT ATS OFUTTARAKHAND, INDIA

S. S. Maurya®, V. D. Pandey! and J. N. Maurya

Department of Plant Science, M. J. P. Rohilkhand University, Bareilly (Uttar Pradesh), India.
Department of Botany, Govt. P. G. College, Rishikesh - 249 201 (Uttarakhand), India.

Abstract

Morphologically diverse forms of aquatic and terrestrial cyanobacteria isolated from differeattitigie (1503-3049m)
habitats and grown in laboratory in BG-11, Chu-10 and Allen and Arnon culture medium. Cyanobastedaalysed for

their biomass, protein, carbohydrate, lipid, aldnd carotenoid contents. Cultured cyanobacteria were further analysed for
their phycobiliprotein content. All cyanobacteria were found to grow more in B&gHanothecap. showed lowest yield
(0.90 + 0.06 g fresh wt/L culture), wher&xytonemap. grown in BG-11 culture medium showed highest biomass (1.88 £ 0.12
g /L culture). Protein content (fig. 1-A) was found to be more in filamentous cyanobacterialfanmsicellular and coccoid
forms of cyanobacteria. The proportion of phycobiliproteins accounted for 17.44% to 30.73% tai {heotein in different
cyanobacteria. The percent value was recorded higheghgbyasp., while the lowest one recordedSynechococcusp.
Phycocyanin (PC) appeared to be the most dominant- phycobiliproteins.
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Introduction than 200 species, cyanobacteria exhibit remarkable

Cyanobacteria, commonly known as blue-green algaglverSIty in their morphology, ranging from simple

i . . o uhicellular and colonial to complex filamentous forms with
are a morphologically diverse and widely distributed group ™~ X
. . : or without branching and heterocysts (Van den Hatek
comprising a phylogenetically cohesive group of . ; .
. .al., 1995 ). From metabolic point of view, they are
photoautotrophic prokaryotes capable of oxygenic

photosynthesis similar to plants, using light as a source g?rsatile, highly efficient and productive biological system

and thus, they are important organisms both economically
energy, water as an electron donor and @9a carbon and ecologically (Stal, 1995). Their occurrence in varied
source (Fogget al, 1973; Stanier and Cohen-Bazire, gically ' )

. . . . . nabitats and potential applications in various sectors like
1977). They are unique in having some species wit . . . .
aguaculture, agriculture, nutraceuticals, bioenergy and bio

capability to fix both carbon and nitrogen SimUItaneOUS|¥emediation are highly appreciated and well documented
from atmosphere under aerobic condition. Possessing

- . . Rbed et al, 2009 and Patterson, 1996). Recently, they
remarkable adaptability to various types of environment . o
. i ._Have received enormous focus as a promising source of
they successfully colonize almost all kinds of terrestria hvcobilioroteins. which are industriallv and
and aquatic habitats including those with extremé& Y P ' y

. . .. pharmacologically important natural products.
conditions of low temperature, high temperature, high lig anobacterial phycobiliproteins or phycobilins are famil
intensity and desiccation (Tandeau de Marsac an Y phy P Phy y

Houmard, 1993: Pandey al, 1995; Oren, 2000). They °! Water soluble and reasonably stable fluorescent
. . : : hromoproteins, which are constituents of phycobilisomes,
form the major component of microbial soil crust and”

more often are the primary colonizers of exposed roc"(eported from cyanobacteria and some eukaryotic algae
surfaces in highly isolated and high altitude environment%UCh as red algae and cryptophytes (Rowan, 1989). In

(Budel, 1999). Comprising about 150 genera with moré\lddition to chlorophylh and carotenoids, cyanobacterial

Strains are well known to accumulate phycobiliproteins
*Author for correspondence. as major photosynthetic accessory pigments. Depending
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on their visible absorption properties, three basicyanobacterial cultures were maintained and grown
categories of phycobiliproteins are recognizedphotoautotrophically in batch cultures in sterilized BG-11
phycocyanin (PC, blue pigment), allophycocyanin (APCcultural medium (Rippkat al., 1979) in cotton stoppered
bluish-green pigment) and phycoerythrin (PE, red250 ml Erlenmeyer flasks at 25%2and continuous light
pigment), exhibiting maximum absorbancemgﬁ at illumination (light intensity at the surface of culture flasks,
620nm, 650nm and 565nm respectively (Grossehah, 1500 lux PAR) provided by cool-white fluorescent tubes.
1993). Phycobiliproteins may comprise upto 40% of totaRotary shaker was used for culture shaking for 15 min
soluble protein content in cyanobacteria. Cyanobacteriavice in a day. NaNQ(source of combined nitrogen)
have all three types of phycobilins. APC and PC arvas kept apart from the medium for the growth and
always present and PE is found in some organisms anghintenance of heterocystous forms. Monitoring of
not in others (Prasannat al, 2010). Structurally, cyanobacterial growth in culture was done
phycobiliproteins are organized into supermoleculaspectrophotometrically by recording the absorbance of
aggregates or complexes, called phycobilisomes (PBS)pmogenous liquid culture at 650 nm with UV-vis
which are attached on outer surface (cytoplasmic sidepectrophotometer at regular intervals (Sorokin, 1973).
of thylakoid or photosynthetic membranes as closelgrowth yield

spaced granules in cyanobacteria (Cohen-Bazire and
Bryant, 1982). Nutrient availability and environmentalestimated by gravimetric method. One liter

factors such as light, temperature, water and pH Influen(\C‘i’/anobacterial culture subjected to centrifugation (5000

the content and composition of phycobiliproteins inX . . .
. _ ) g, 10 min.). The cyanobacterial pellet was washed twice
cyanobacteria (Tokaret al, 1995; Chanevet al, 2007; with distilled water and biomass was harvested.

Grossmaret al., 1994; Hemlata and Fatma, 2009; i ] )

Simeunovicet al, 2013). Phycobiliproteins have  Biochemical analysis

antioxidant properties and a wide range of promisind/leasurement of total protein

applications in diagnostics, biomedical research, The protein content of cyanobacterial cultures was
therapeutics, fluorescent markers for cells, non-toxic angheasured calorimetrically following the methods of Lowry
non-carcinogenic coloring agents (Millclageal, 1993 et al.(1954) as modified by Harbest al.(1971), using
and Chanevat al, 2007). There are numerous reportsbovine serum albumin (BSA) as standard. The values
revealing the potentials of various cyanobacterial speciege expressed as pg/ml culture.

for production of phycobiliproteins (Liet al, 2000 and  \jeasurement of total carbohydrate

Romayet al, 2003). At present efforts are being made
to optimize the phycobiliprotein production potential of
various cyanobacteria in laboratories. In the present stu
cyanobacterial species were isolated from various hig
attitude (1500 m and above) habitats of Uttarakhand sta
India and their growth, biochemical compositions an
phycobiliprotein content was analyzed.

Growth yield of cultured cyanobacteria was

10 ml of cyanobacterial cultures were first hydrolyzed
ith 2.5N hydrochloric acid at 100 for one hour and
tal carbohydrate was estimated according to Dadtois
l. (1956). The samples were analyzed at 490 nm using
V-visible spectrophotometer (Systronic India Ltd.)
against blank. Amount was calculated using D-glucose
as standard. The values are expressed as pg/ml culture.
Materials and Methods Measurement of total lipid

Sampling and culture Extraction of total lipids was done according to the

The different genera/species/strains of cyanobacter[3€thod of Bligh and Dyer (1959) modified by Kates
were collected from their natural habitats situated at af1964)- Total lipid was estimated using dichromate method
altitude of 1500m and above of Uttarakhand stat@S described by Kochart (1978) with palmitic acid as
following the guidelines provided by Rippka (1988).Standard.

Cyanobacteria were established as clonal and axereasurement of chl a and carotenoids

cultures by repeated sub-culturing on liquid and solidified  Pigments were extracted using 80% acetone. Extracts
media with addition of antibiotics following standard were analyzed at 663 nm for Grand 472 for carotenoids
microbiological methods as described by Rippka (1988)ising UV-visible spectrophotometer (Systronic India
The identification of cyanobacterial cultures wasLtd.). The amount (ug/ml culture) was calculated using
authenticated on microscopic observation of morphologica@2.04 and 200 as extinction coefficient for Ghand

characteristics based upon the keys in standard literatutgrotenoids respectively as given by Myers and Kratz
(Desikachary, 1959 and Rippka, 1979). The1955).
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Fig. 1 :Biomass (A) and protein content (B) of cyanobacteria isolated from high altitude habitat andi ¢algn@vth media.
Values are +SE (n=3).

Measurement of Phycobiliprotein experiments.

The phycobiliprotein content was determined Results and Discussion
spectrophotometrically. Phycobiliproteins were extracted
in 0.1M Sodium phosphate buffer employing repeated Uttarakhand state, India housed varieties of habitats
freezing (-26C) and thawing (&C). The phycobiliprotein including aquatic, moist soil and dried rocks that are highly

contents were calculated according to Bennert anfgPlateéd and situated at high altitude. The selected
Bogoard (1973). sampling sites located in high altitude areas of Uttarakhand

(table 1) reflected a rich morphological diversity of
cyanobacteria ranging from unicellular (coccoid),
The results are expressed as the mean +SD of thrfamentous (both heterocystous & non heterocystous)

Statistics
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Fig. 2 :Carbohydrate (A) and Lipid content (B) of cyanobacteria isolated from high altitude habitat aretidolgrowth media..
Values are +SE (n=3).

branched and unbranched (table 1). The habitat witgrowth in terms of biomass. In general unicellular forms
lowest elevation is Mandal (Chamoli, 1503m) and withshowed less biomass in comparison to filamentous forms.
highest elevation is Auli (Chamoli 3049m). Further cynaobacteria grown in BG-11 medium showed
CyanobacteriunNostoc muscorumnwas isolated from more growth than that grown in Chu-10 and Allen and
Mandal region and two specié¢taplosiphonsp. and Arnon medium. Growth in Chu-10 culture medium was
Gloeotrichia ghosefrom Auli. found to be least (fig. 1A)Aphanothecesp. showed
Isolated cyanobacteria were grown in medium BGlowest yield (0.90 + 0.06 g fresh wt/L culture), whereas
11, Chu-10 and Allen and Arnon medium. Growth yieldScytonemap. grown in BG-11 culture medium showed
of cyanobacteria was analyzed in terms of biomass (gftighest biomass (1.88+0.12 g/L culture).
culture). Different cyanobacterial strains showed good
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Fig. 3 :Chlorophylla (A) and carotenoids content (B) of cyanobacteria isolated from high altitude habitat and culguoseth
media. Values are +SE (n=3).

Biochemical growth parameters of differentin Scytonemap.
cyanobacteria qultured were analysed and expressed in gimilar to protein content, carbohydrate (fig. 2A),
ug/ml culture (figs. 1B, 2A and 2B). In accordance tOjiiq fig, 28), Chla (fig. 3A) and carotenoid (fig. 3B)
biomass cyanobacteria grown in BG-11 culture mediurgntent was found to be more in cyanobacteria cultured
showed more protein, carbohydrate, lipid, @and  ;, BG-11 medium. Furthermore these biochemical
carotenoids than that grown in Chu-10 and Allen andqngtityents were observed to be more in filamentous
Arnon culture medium. Protein content (fig. 1A) wascyanobacteria than that of unicellular forms that might

found to be more in filamentous cyanobacterial formgyg e to their more biomass and good growth in culture.
than unicellular and coccoid forms of cyanobacteria. High

protein content in filamentous cyanobacteria was Phycobiliproteins, with promising applications in
obviously in accordance to their high biomass and goo(('_i‘iagnostics, biomedical research, therapeutics, fluorescent
growth. Protein content varies from 232+14.22 ug/mlmarkers for cells, non-toxic and non-carcinogenic coloring
culture inAphanothecesp. to 322+16.84 pg/ml culture agents are produced by cyanobacteria and red algae.



48 S. S. Maurya et al.

Table-1: Cyanobacteria isolated from different high altitude sampling sites.

S. | Sampling site /Habitat/Altitude Cyanobacterium Habit
no. | (from mean sea level)

1. | Dhanoulti (Tehri Garhwal); Calothrix sp. Unbranched filaments with heterocyst
Rock; 2250m Lyngbyasp. Unbranched filaments without heterocyst
Joshimath (Chamoli); Rock; 1890m Gloeocapsasp. Unicellular- colonial
Jageshwar (Almora); Rock; 1570m Gloeocapsasp. Unicellular- colonial
Oscillatoria limosa Unbranched filaments without heterogyst
Synechococcusp. Unicellular
4. | Naini Lake (Nainital): Water; 2084m Synechocystisp. Unicellular

Phormidium foveolarum| Unbranched filaments without heterocyst

Aphanocapsa montana| Unicellular- colonial

Mandal (Chamoli); Agricultural soil; 1503m Nostoc muscorum Unbranched filaments with heterocyst
Mussoorie (Dehradun); Moist Rock; 1971pfScytonemasp. False-branched filaments with heterocyst
Auli (Chamoli); Puddle; 3049m Hapalosiphonsp. Branched filaments with heterocyst
Gloeotrichia ghosei Unbranched filaments with heterocyst
Munsyari (Pithoragarh); Moist soil; 2200m Scytonemasp False-branched filaments with heterocyst
Surkanda Devi (Tehri Garhwal); Rock; 26 7#H@loeocapsasp Unicellular- colonial
10. | Chakrata (Uttarkashi); Rock; 2270m Calothrix sp. Unbranched filaments with heterocyst
Synechococcusp. Unicellular
11. | Bhulla Lake (Pauri Garhwal); Water; 1706m Synechocystisp. Unicellular

Phormidium foveolarum| Unbranched filaments without heterocyst

Oscillatoria proboscidea Unbranched filaments without heterocyst

12. | Purola (Uttarkashi); Rivulet wate; 1524m | Phormidium tenue Unbranched filaments without heterocyst

Aphanocapsa montana| Unicellular- colonial

Aphanothecesp. Unicellular- colonial
13. | Chamba (Tehri Garhwal); Moist soil; 1676mAnabaenasp. Unbranched filaments with heterocyst
Cylindrospermunsp. Unbranched filaments with heterocyst

Amount and percent with respect to total proteins ofollowed by allophycocyanin ranging from 10.8 pg/ml in
phycobiliproteins produced by 17 cyanobacterial isolateSynechococcusp. to 28.7 pg/ml irsyctonemap. The

in the present study was shown in fig. 2 and table 2. AHatio between phycocyanin and allophycocyanin is
the three types of phycobiliproteins (PC, APC and PEapproximately 2:1 which in concurrence with the result
were detected in varying proportions in cyanobacteriabbtained by Chanevat al. (2007). Phycoerythrin was
strains analyzed. The range of total phycobiliproteingound to be the minor phycobiliproteins in the examined
content varied from 46.3pg/ml Bynechococcusp. to  cyanobacterial species with a lesser value in comparison
96.2ug/ml in Scytonemasp. The proportion of to phycocyanin and allophycocyanin. The majority of
phycobiliproteins accounted for 17.44% to 30.73% of thepecies appear to be phycocyanin-rich with PC:PE ratio
total protein in different cyanobacteria. The percent valuabove 1. The amount of phycobiliproteins variation is
was recorded highest lnyngbyasp. while the lowest largely dependent on species, making them to be species-
one recorded irBynechococcusp. Phycocyanin (PC) specific biochemical characteristic indicating towards
appeared to be the most dominant- phycobiliproteins wittarge scale inter-specific variation in content and
a value range of 24.7 to 54.6 pg/ ml in most of thecomposition of phycobiliproteins in the present study, as
cyanobacterial sp. Quantitatively, phycocyanin wagseported by other contemporary workers (Gantt, 1980
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Table 2 : Phycobiliproteins (phycocyanin, PC; allophycocyanin, APC; phycoerythrin, PE) content of cyanabaudem in
BG-11 culture medium.

c . Phycobiliproteinsi{g/ml) % Phycobiliprotein
yanobacterium i
PC APC PE Total of total protein
Aphanothece sp. 254+2.18 219+1.84 9.240.68 56.5+3.87 24.32+2.13
Synechocystis sp. 24.7+1.95 15.6+1.04 11.3+1.04 51.6+4.02 21.39+1.86
Synechococcus sp. 26.7£1.82 10.8+0.96 8.8+0.67 46.3+4.14 17.44+1.55
Gloeocapsa sp. 34.4+2.92 17.4+1.29 7.3+0.61 59.1+3.96 24.15+2.04
Aphanocapsa montana 42.8+2.94 20.5+£1.70 10.1+.0.6 73.4+5.56 27.37+321
Oscillatoria limosa 39.8+1.86 22.8+1.49 6.7+1.03 69.3+5.67 22.46+1.48
Oscillatoria proboscidea 43.2+2.95 23.4+1.33 13.7+0.88 80.3+6.01 26.48+1.95
Phormidium foveolarum 42.8+1.92 18.4+1.15 12.2+0.87 73.4+4.98 24A47+1.74
Phormidium tenue 33.8£1.82 15.2+1.06 10.8+1.05 59.6+5.11 20.58+1.83
Cylindrospermum sp. 46.4+3.48 22.3+2.12 14.8+1.03 83.5+6.34 28.27+3.13
Lyngbya sp. 54.6+2.39 2514197 16.4+1.91 96.1+8.12 30.74+3.08
Nostoc muscorum 46.2+3.18 2441214 | 14.4+1.83 85.0+7.34 26.83+2.23
Anabaena sp. 47.3+1.1 28.5+1.59 9.5+0.86 85.3+8.10 26.68+1.87
Calothrix sp. 40.7+2.58 20.1+1.24 7.9+0.89 66.7£7.19 22.11+1.97
Scytonema sp. 48.6+2.62 28.7£1.76 18.9+1.25 96.2+6.87 29.84+2.37
Hapalosiphon sp. 32.2+2.17 18.2+1.08 12.1+1.74 62.5+5.52 21.64+2.54
Gloeotrichia ghosei 41.4+2.79 27.7+161 17.141.13 86.2+4.89 29.84+3.09

Note: Values are in pg/ml. Values are mean +SD (n=3).

and Morencet al,, 1995). photosynthesis under stress conditions. Further high

The biochemical constituents of cyanobacterial strainghycobiliproteins imparts significant protective role
depend on the nature of strains and their adaptive stratel@yvards chlorophyll (Foyeet al, 1994).
that they applied in differing environmental conditions  In conclusion, the cyanobacteria isolated and grown
(Rosaleset al, 2005). Most of the filamentous forms in normal culture medium showed significant growth and
analysed in the present study were isolated from exposihh phycobiliprotein content. Phycobiliproteins rich
high altitude rocks that face an extreme high natural ligh$pecies with high content value may be selected and
regime and dryness. These cyanobacteria might adaptdptimized for larger amount of phycobiliprotein production.
the harsh (very low and very high) natural circadian
rhythms of water, temperature and light by synthesizing Acknowledgement
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