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ABSTRACT
Cyanobacteria, also known as blue-green algae, are microscopic organisms that obtain their energy through
photosynthesis, and are found in common and naturally occurring ecosystem sites like moist soil and water bodies.
Cyanobacteria are in a range of shapes and sizes and can occur as single cells while others assemble into groups as
colonies or filaments. Blue green algae produces many metabolites including amino acids, proteins, vitamins and
plant growth regulators like auxins, gibberellins and abscisic acids. The present study has been undertaken to
estimate the total protein in their culture filtrate during different incubation times using BG-11 broth and
Pringsheim’s broth. Protein was estimated from culture filtrate by standard protocols. The present study revealed
that the amount of biomass, protein and IAA by different Cyanobacterial species were increased with the
corresponding incubation time, and showed maximum concentration of 24 μg/ml, 14 μg/ml and 32.5 μg/ml in
Pringsheim’s broth after 30 days respectively.
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INTRODUCTION
Cyanobacteria belong to the group of organisms
called prokaryotes, which also includes bacteria, and
can be regarded as simple in terms of their cell
structure. Cyanobacteria are present in almost all
endolithic ecosystems; terrestrial and aquatic habitats
such as oceans, fresh water bodies, moist soil, rocks,
and even in rocks of the colder Antarctic. They can
occur as planktonic cells or form phototrophic
biofilms14, 20. They are characterised by the lack of a
true cell nucleus and other membrane bound cell
compartments such as mitochondria and chloroplasts.
Cyanobacteria are also known as blue-green algae
because of their prominent bluish green color, which
is due to the phycocyanin pigment present in the
cells. While, some species of cyanobacteria exhibit a
reddish tone as they contain carotenoid and
phycoerythrin pigments in their cells18,19.
Cyanobacteria, are interesting group of phototrophic
eubacteria whose diversity is unparalleled in the
biological world, in terms of habitat, morphology or

repertoire of metabolic activities. They proliferate in
diverse types of ecosystems - ranging from the cold
Tundra to the hot deserts, from surface waters of
oceans to rhizosphere of plants and from barren
lands/rock surfaces to polluted waters.
Cyanobacterial inoculation has shown to enhance
growth, root associated nitrogen fixation and yields
of rice and other crops12.
Proteins and amino acids are nitrogenous compounds
and are also used as precursor molecule in protein
synthesis. A lot of cellular and membrane
components are made up of proteins. So organisms
can synthesize amino acids as primary metabolites
during their early growth phase. Cyanobacteria are
considered to be the most diverse photosynthetic
nitrogen fixing group, their thallus varies from
unicellular to filamentous form. They are found in
terrestrial habitat and in water. They fix atmospheric
nitrogen in microaerophilic and aerobic conditions. In
aerobic conditions, nitrogen fixation is carried out by

Evaluation of Total Protein Production by soil

Cyanobacteria in culture filtrate at various

Incubations periods
Farida P. Minocheherhomji* and Aarti Pradhan
*Department of Microbiology, B. P. Baria Science Institute,

Navsari, Gujarat, India - 396445.



www.ijapbc.com IJAPBC – Vol. 5(3), Jul - Sep, 2016 ISSN: 2277 - 4688

347

specialized cells found in filamentous form called
heterocyst. Heterocystous cyanobacteria showed a
marked effect on the cell density and diversity by the
use of urea in soil fertilization11. They fix nitrogen
assimilated in the form of amino acids and proteins.
These nitrogenous compounds increase the overall
soil fertility8.
Cyanobacteria characteristically liberate substantial
quantities of extracellular nitrogenous compounds
into the culture medium like amino acids, proteins,
vitamins. These same compounds are also available
in soil after growth of Cyanobacteria, thus boosting
soil fertility. Hence they function as effective
biofertilizer. They are also responsible for the
production of plant growth regulators like auxins,
gibberellins and abscisic acid3. Cyanobacteria are
responsible for producing combined nitrogen in
soluble form by nitrogen fixing BGA.
The objective of the present work is to isolate
cyanobacteria, estimate their total protein under
different incubation times using BG-11 broth and
Pringsheim’s broth evaluated via standard protocols6.

MATERIAL AND METHODS
Sample Collection
Soil samples were collected from cotton, rice and

sugarcane fields around Surat and Navsari districts of
Gujarat, India. The average pH of the soil is around
6.2. Samples were first screened to remove plant
debris and rock particles.

Isolation of Blue Green Algae17:
1. 10 gram soil was serially diluted via a standard

dilution technique using Erlenmeyer conical
flask having 95 ml 0.85% saline water to
attain10-1 dilution.

2. 10 ml sample was transferred from 10-1 to next
conical flask containing 90 ml saline water to
further attain 10-2 dilution.

3. 10 ml sample was transferred from dilution 10-2

to conical flasks having100 ml BG-11 broth
(nitrogen free).

4. The flasks were incubated at Room
Temperature (R.T.) in a continuous illuminated
chamber for 21 days.

5. Microscopic observation was done by spreading
cyanobacterial culture on glass slide covered
with a cover slip.

6. Low and high power objective lens of
compound light microscope were used for
observation.

7. Mixed cultures were again streaked on BG-11
agar plate and incubated at Room Temperature
in a continuous light (illuminated) chamber for
21 days7.

8. Microscopic slides were then prepared for final
observations and analysis.

Identification of Blue Green Algae1, 2, 9:
1. Microscopic observations were carried out by

spreading isolated culture on glass slide using
forceps.

2. Culture was covered with glass cover-slips and
observed under low (10 X) and high power (45
X) objective lens.

3. Pure forms of cyanobacteria were identified on
the basis of morphological characteristics
following the standard procedure mentioned in
Bergey’s Manual of Systematic Bacteriology,
Vol 14, 5.

4. The cultures thus identified belong to Genus
Cyanothece, Cyanobium and Nostoc.

Growth and Maintenance10, 13:
1. Identified cultures were grown and maintained

in chemically defined nitrogen free BG – 11
medium at Room Temperature in a continuously
illuminated chamber.

2. pH of the medium was strictly maintained at 7.5
for the optimal growth of cultures.

3. After 14 days of incubation, the cultures were
subjected to streaking on agar based BG – 11
medium for obtaining discrete colonies.

4. The purity of cultures was examined by
microscopic observation from the plates.

Protein Production
Culture  was transferred to separate conical flasks
containing  100 ml BG-11 broth and Pringsheim’s
broth, followed by incubation at 30 ºC for 10,15, 20,
25 and 30 days in continuously illuminated chamber.
Culture filtrate was obtained by filtration using
Whatman No. 1 filter paper or by centrifugation.

Estimation of Total Protein by Lowry Method
Lowry reagents15 were mixed with 0.5 ml culture
filtrate and incubated at 37 ºC for 30 minutes at
Room Temperature. Color density was recorded at
750 nm using spectrophotometer and compared with
standard curve of protein (BSA, 200 μg/ml).

RESULTS & DISCUSSION
Culture filtrates were obtained via vacuum filtration
using membrane filter paper and total protein was
estimated by Folin Lowry’s method. The results
obtained with regard to protein production by
cyanobacteria are presented in Table-1 and Figure-1.
From Table-1 and Figure-1, it can be concluded that
24 μg/ml, 32.5 μg/ml and 14 μg/ml protein were
produced by culture 1, 2 and 3 respectively within 15
days incubation time respectively.
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Figure- 1 indicates that the amount of protein has
increased up to 15 days incubation time, and then
decreased due to the protein being utilized for their
building blocks.
All the three species produced a maximum amount of
protein up to 15 days.
On evaluation, it was observed that the amount of
biomass and extracellular protein was increased with
the increase in incubation time up to 15 days. It was
found to be produced in early growth phase and
concentration increased very rapidly. Protein is a
nitrogenous compound and is available in culture
filtrate of all the three species viz. Cyanothece
species, Cyanobium species, Nostoc species7,16.

CONCLUSION
For microbial proteins to be measured accurately, the
cells must be pretreated to fully release the

intracellular proteins. Pretreatments typically involve
disrupting the cells by physical or chemical means
Hydrolytic enzymes and chemicals such as sodium
dodecyl sulfate (SDS) can be used to lyse the cell
walls  but not all cells are equally susceptible to
enzymes and chemicals. Therefore physical treatment
is preferable. In our study of estimation it was found
that amount of extracellular proteins as a primary
metabolite were increased during log phase by
cultures 1, 2 and 3 with increasing incubation time on
15th day. Protein production was reduced in late
growth phase and slowly concentration was
decreased. Cyanobacteria liberates growth promoting
substances like amino acids and other primary
metabolites in their culture filtrate, which can be used
as source of nitrogen for plant growth. These amino
acids help to increase the soil fertility.

Table 1
Estimation of Total Protein in Culture Filtrates of Cyanobacterial species

S. No. Incubation Days
Total Protein (μg/ml)

Culture: 1 Culture: 2 Culture: 3

01 05 3.5 2.5 2.0

02 10 21.5 31.0 10.0

03 15 24.0 32.5 14.0

04 20 14.0 9.5 7.0

05 25 6.5 6.5 5.0

05 30 3.5 5.0 5.0
Note:       Cultures: 1  Cyanothece species;  2  Cyanobium species;  3  Nostoc species

Incubation days

Figure 1
Total Protein Estimation in Culture Filtrates of Cyanobacterial species

0
5

10
15
20
25
30
35

5 10

Protein Estimation

www.ijapbc.com IJAPBC – Vol. 5(3), Jul - Sep, 2016 ISSN: 2277 - 4688

348

Figure- 1 indicates that the amount of protein has
increased up to 15 days incubation time, and then
decreased due to the protein being utilized for their
building blocks.
All the three species produced a maximum amount of
protein up to 15 days.
On evaluation, it was observed that the amount of
biomass and extracellular protein was increased with
the increase in incubation time up to 15 days. It was
found to be produced in early growth phase and
concentration increased very rapidly. Protein is a
nitrogenous compound and is available in culture
filtrate of all the three species viz. Cyanothece
species, Cyanobium species, Nostoc species7,16.

CONCLUSION
For microbial proteins to be measured accurately, the
cells must be pretreated to fully release the

intracellular proteins. Pretreatments typically involve
disrupting the cells by physical or chemical means
Hydrolytic enzymes and chemicals such as sodium
dodecyl sulfate (SDS) can be used to lyse the cell
walls  but not all cells are equally susceptible to
enzymes and chemicals. Therefore physical treatment
is preferable. In our study of estimation it was found
that amount of extracellular proteins as a primary
metabolite were increased during log phase by
cultures 1, 2 and 3 with increasing incubation time on
15th day. Protein production was reduced in late
growth phase and slowly concentration was
decreased. Cyanobacteria liberates growth promoting
substances like amino acids and other primary
metabolites in their culture filtrate, which can be used
as source of nitrogen for plant growth. These amino
acids help to increase the soil fertility.

Table 1
Estimation of Total Protein in Culture Filtrates of Cyanobacterial species

S. No. Incubation Days
Total Protein (μg/ml)

Culture: 1 Culture: 2 Culture: 3

01 05 3.5 2.5 2.0

02 10 21.5 31.0 10.0

03 15 24.0 32.5 14.0

04 20 14.0 9.5 7.0

05 25 6.5 6.5 5.0

05 30 3.5 5.0 5.0
Note:       Cultures: 1  Cyanothece species;  2  Cyanobium species;  3  Nostoc species

Incubation days

Figure 1
Total Protein Estimation in Culture Filtrates of Cyanobacterial species

10 15 20 25 30

Protein Estimation

culture 1

culture 2

culture 3

www.ijapbc.com IJAPBC – Vol. 5(3), Jul - Sep, 2016 ISSN: 2277 - 4688

348

Figure- 1 indicates that the amount of protein has
increased up to 15 days incubation time, and then
decreased due to the protein being utilized for their
building blocks.
All the three species produced a maximum amount of
protein up to 15 days.
On evaluation, it was observed that the amount of
biomass and extracellular protein was increased with
the increase in incubation time up to 15 days. It was
found to be produced in early growth phase and
concentration increased very rapidly. Protein is a
nitrogenous compound and is available in culture
filtrate of all the three species viz. Cyanothece
species, Cyanobium species, Nostoc species7,16.

CONCLUSION
For microbial proteins to be measured accurately, the
cells must be pretreated to fully release the

intracellular proteins. Pretreatments typically involve
disrupting the cells by physical or chemical means
Hydrolytic enzymes and chemicals such as sodium
dodecyl sulfate (SDS) can be used to lyse the cell
walls  but not all cells are equally susceptible to
enzymes and chemicals. Therefore physical treatment
is preferable. In our study of estimation it was found
that amount of extracellular proteins as a primary
metabolite were increased during log phase by
cultures 1, 2 and 3 with increasing incubation time on
15th day. Protein production was reduced in late
growth phase and slowly concentration was
decreased. Cyanobacteria liberates growth promoting
substances like amino acids and other primary
metabolites in their culture filtrate, which can be used
as source of nitrogen for plant growth. These amino
acids help to increase the soil fertility.

Table 1
Estimation of Total Protein in Culture Filtrates of Cyanobacterial species

S. No. Incubation Days
Total Protein (μg/ml)

Culture: 1 Culture: 2 Culture: 3

01 05 3.5 2.5 2.0

02 10 21.5 31.0 10.0

03 15 24.0 32.5 14.0

04 20 14.0 9.5 7.0

05 25 6.5 6.5 5.0

05 30 3.5 5.0 5.0
Note:       Cultures: 1  Cyanothece species;  2  Cyanobium species;  3  Nostoc species

Incubation days

Figure 1
Total Protein Estimation in Culture Filtrates of Cyanobacterial species

culture 1

culture 2

culture 3



www.ijapbc.com IJAPBC – Vol. 5(3), Jul - Sep, 2016 ISSN: 2277 - 4688

349

REFERENCES
1. Allen MM. Methods for Cyanophyceal. Stein,

J.R. (ed). Handbook of phycological methods,
culture methods and growth measurements;
Cambridge Univ. Press, 1973; 127-138.

2. Allison FE, Morris HJ. Nitrogen fixation by
blue-green algae. Science, 1930; 71: 221-223.

3. Anand N. Blue-green algae (cyanobacteria) as
biofertilizers: Retrospects and prospects, A.
Varma (ed.), New Delhi, 1998; 65-71.

4. Boone DR, Castenholz, RW. Bergey’s manual
of systematic bacteriology, Springer, USA.,
2001; 2nd ed. 1.

5. Buchanan RE, Gibbons NE. Bergey’s manual of
Determinative bacteriology. Williams and
Wilkins, Baltimore, Maryland, 1994.

6. Chouhan PK, Kumawat DM.  Screening of
Cyanobacteria from Black Cotton Soil and
Evaluate their Potential to Survive under Wet
and Dry Condition for Biofertilizer Production.
Sch J Agric Vet Sci., 2014; 1(2): 90-99.

7. Chouhan PK, Patidar Y, Patidar D, Nigam S.
Study of Soil Cyanobacteria to Evaluate
Metabolite Production during various
incubations in their Culture Filtrate. Scholars
Academic Journal of Biosciences, 2013; 1(5):
154-158.

8. Chouhan PK, Sharma M, Das P. A study of
cyanobacterial metabolite production during
different incubation periods using Oscillatoria
and Synechocystis species. Asian Jr. of Micro,
Biotech and Env. Science, 2014; 16(2): 339-
342.

9. De PK. The role of blue-green algae in nitrogen
fixation in rice fields. – Proceedings of the
Royal Society of London Series B 127, 1939;
121-139.

10. Gerloff GC, Fitzgerald GP, Skoog F. The
isolation, purification, and culture of blue-green
algae. Am. J.Bot., 1950; 37(3): 216-218.

11. Irisarri P, Gonnet S, Monaz J. Cyanobacteria in
Uruguayan rice fields; diversity, nitrogen fixing
ability and tolerance to herbicides and combined
nitrogen. J. Biotechnol, 2001; 4: 91(2-3): 95-
103.

12. Karthikeyan N, Prasanna LR, Kaushik BD.
Evaluating the potential of plant promoting
cyanobacteria as inoculants for wheat. Eur J Soil
Biol, 2007; 43(1); 23-30.

13. Kaushik BD. Laboratory Methods for Blue-
Green Algae; Associated Publishing Company,
New Delhi, 1987.

14. Kotnala, S. Blue green algae as a potential
source of growth promoter in common Indian

rice, oryza sativa (linn.). Geobios, 2003; 30(1):
70-73.

15. Lowry OH, Rosebrough NJ, Larr AL, Randall,
RJ. Protein measurement with Folinphenol
reagent. J. Biol. Chem., 1951; 193: 265- 275.

16. Maria del CCC, Cynthia VGL.  Protein
measurements of micro algae and cyanobacterial
biomass. Sci. Direct, Bior. Tech., 2010;
101(19): 7587-7591.

17. Michael J. Ferris, Hirsch CF. Method for
Isolation and Purification of Cyanobacteria.
Applied and Environmental Microbiology,
1991; 57(5): 1448-1452.

18. Mishra U, Pabbi S. Cyanobacteria: a potential
biofertilizer for rice. Resonance, 2004;9(6):6–
10.

19. Saadatnia H, Riahi H. Cyanobacteria from
paddy fields in Iran as a biofertilizer in rice
plants. Plant Soil Environ., 2009; 55(5): 207–
212.

20. VenKataraman GS. Blue-green algae
(cyanobacteria) in S.N. Tata, A.M. Wadhwani
and M.S. Mehdi (eds.), Indian Council of Agric.
Res., New Delhi, 1993; 45-76.


