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ABSTRACT
Cyanobacteria were isolated from the intertidal zone of three different mangrove
environment Pichavaram (11° 27' N 79° 47' E), Parangipettai (11° 29' N 79° 47' E)
and Mudasal Odai (11° 28' N 79° 46' E) on southeast coast of India. Seven
cyanobacteria were extracted in methanol, and a mixture of chloroform, methanol and
water (1:2:0.8), and tested for antimicrobial activity against nine human bacterial
pathogens (Bacillus subtilis, Escherichia coli, Vibrio parahaemolyticus, Proteus
vulgaris, Pseudomonas aeruginosa, Salmonella typhi, Shigella flexneri,
Staphylococcus aureus and Vibrio cholerae), five plant fungal pathogens
(Colletotrichum falcatum, Fusarium solani, Helminthosporium oryzae, Pyricularia
oryzae and Rhizoctonia solani) and four animal fungal pathogens (Aspergillus flavus,
A. fumigates, Candida albicans and Rhizopus species). Except Oscillatoria cortiana
methanol extract, the cyanobacterial species exhibited antibacterial activity. Human
bacterial pathogens except Pseudomonas aeruginosa and Vibrio cholerae, were
inhibited. Except Synechocystis salina methanol extract, the cyanobacterial species
showed antifungal activity. Plant fungal pathogens other than Colletotrichum falcatum
and Fusarium solani were inhibited. Human fungal pathogens except Aspergillus
flavus were inhibited. The maximum antibacterial inhibition zone of 9 mm was
observed in Oscillatoria willei against Salmonella typhi. The maximum antifungal
activity with inhibition zone of 5 mm was observed with Oscillatoria salina methanol
extract against Fusarium solani, Phormidium tenue methanol extract and Rhizoctonia
solani.
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INTRODUCTION
Nearly 50,000 natural products have been discovered from microorganisms, 10,000 of
these are reported to have biological activity and over 100 products are in use today as
antibiotics, antitumour agents, and agrochemicals (Carte, 1996). Antibiotics are
defined as substances produced by microorganisms that are antagonistic to the growth
or life of other microbes (Halstead, 1965). Marine environment covers a wide thermal
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range (from below-freezing temperatures in Antarctic waters to about 350°C in deep
hydrothermal vents), pressure range (1-1000 atmospheres), nutrient range
(oligotrophic to eutrophic) and has both photic and non-photic zones. Marine
environment may contain over 80% of world’s plant and animal species. With the
development of new diving techniques, remote operated machines etc., it is possible
to collect marine samples and during the past decade over 5000 novel compounds
have been isolated from shallow waters to 900m depths of the sea (McCarthy and
Pomponi, 2004). Sea has got plenty of metabolites and other resources in living or
dead form. Sponges (37%), Coelenterates (21%) and microorganisms (18%) are the
major sources of biomedical compounds followed by algae (9%), echinoderms (6%),
tunicates (6%), molluscs (2%) bryozoans (1%) etc., (Blunt, et al., 2004).
Cyanobacteria are one of the most promising groups of organisms for isolation
of novel and biochemically active natural products (Patterson, et al., 1993; Burja, et
al., 2001). A number of research papers have been published recently about the
antimicrobial activities from cyanobacteria (Schaeffer and Krylow, 2000; Jha and Zirong, 2004; Prashantkumar, et al., 2006; Biondi, et al., 2008; Zeeshan, et al., 2010;
Abed, et al., 2011; Ramamurthy, et al., 2010). The cyanobacterium Lyngbya
majuscula is responsible for sporadic outbreaks of a contact dermatitis known as
‘swimmer itch’ (Banner, 1959). The cyanobacteria such as Nostoc commune (Bohm,
et al., 1995; Jaki, et al., 2000), Anabaena variabilis (Ma and Led, 2000), Nostoc
spongiaeforme (Hirata, et al., 1996), Microcystis aeruginosa (Ishida, et al., 1997),
Anabaena flos aquae (Khairy and El-Kassas, 2010), Lyngbya majusla (Ramamuthy
and Raveendran, 2009), Trichodesmium erythraeum (Thillairajasekar, et al., 2009),
Nodularia harveyana (Pushparaj, et al., 1999) and Calothrix brevissima (Metting and
Pyne, 1986) have been popularly reported to produce antimicrobial substances.
Heptadecane and tetradecane from Spirulina platensis (Ozdemir, et al., 2004),
phenolic compounds from Nostoc muscorum (El-Sheekh, et al., 2004), peptides,
polypeptides, amides and alkaloids from Fischerella ambigua (Ghasemi, et al., 2004),
lipopeptidases from Anabaena spp (Burja, et al., 2001; Fujita, et al., 2002), fatty
acids, tetramine, spermine and piperazine derivative from Anabaena spp (Mundt, et
al., 2003; Shanab, 2007), Tjipanasoles from Tolypothrix tjipanasensis (Bonjounklian,
et al., 1991), laxaphycins from Anabaena laxa (Frankmolle, et al., 1992) and
scytophytin from Scytonema psuedohofmanni (Ishibashi, et al., 1986) have been
reported to possess antimicrobial activity. In order to explore marine cyanobacteria
with medical potentials, marine cyanobacteria isolated from mangrove sediment were
screened antimicrobial activity against nine human bacterial pathogens, five plant
fungal pathogens and four animal fungal pathogens. Most of the cyanobacteria
species were new and information about antimicrobial activity very limited.
MATERIALS AND METHODS
Cyanobacterial extraction: Seven marine cyanobacteria species (Synechocystis
salina, Spirulina subsalsa, Oscillatoria cortiana, O. salina, O. willei, Phormidium
tenue and P. fragile) isolated from three mangrove environment and identified by
using the taxonomic publications (Desikachary, 1959; Hum and Wicks, 1980). The
cyanobacterial cultures were extracted for antimicrobial substances by two methods.
In the first method (Starr, et al., 1962), air-dried cyanobacteria were extracted
overnight in methanol and the second method (Bligh and Dyer, 1959), extraction of
dried cyanobacteria was carried out in a mixture of chloroform, methanol and water
(in a ratio of 1:2:0.8). The extract was centrifuged at 5000 rpm for 20 minutes and the
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soluble fraction was evaporated to dryness at 25°C. The residue was extracted two
times with a total of 20ml of ether. The ether soluble fraction was evaporated in a
water bath at 40°C. The ether soluble residue was dissolved in phosphate buffer at
pH 7.2 to a concentration of 100mg/ml.
Antibacterial and antifungal activities: Seven cyanobacterial species were tested
using the standard paper disc method. The test microbes used were Bacillus subtilis,
Escherichia coli, Vibrio parahaemolyticus, Proteus vulgaris, Pseudomonas
aeruginosa, Salmonella typhi, Shigella flexneri, Staphylococcus aureus and Vibrio
cholerae, plant pathogenic fungi such as Colletotrichum falcatum, Fusarium solani,
Helminthosporium oryzae, Pyricularia oryzae, and Rhizoctonia solani, and animal
pathogenic fungi such as Aspergillus flavus, A. fumigates, Candida albicans and
Rhizopus species. The clinical pathogens were obtained from Dr. Rajah Muthiah
Medical College Hospital, Annamalai University, and the plant pathogens from the
Department of plant pathology, and Department of Agriculture, Annamalai
University. The cyanobacteria extract (20µl) were used to saturate the antimicrobial
assay paper disks (6mm) with a period of drying between each application. The disks
were placed on to the agar surface containing the test microorganisms, and incubated
at 37°C for 24h after a diffusion process for 10h at 8°C. The diameter of any
inhibition zones formed around the paper disc was then measured.
RESULTS
Data on the antimicrobial activity in terms of inhibition zone exhibited by the
cyanobacteria extracted either in methanol or in a mixture of chloroform, methanol
and water, are shown in Table 1 for antibacterial and Table 2 for antifungal activities.
Antibacterial activities: The bacterial pathogens such as Bacillus subtilis,
Pseudomonas aeruginosa and Vibrio cholerae did not respond to cyanobacteria
extracted in methanol. Pseudomonas aeruginosa and Vibrio cholerae did not respond
to cyanobacteria extracted in a mixture of chloroform, methanol and water. The
inhibition zone exceeding 9mm was observed only in one case of methanol extract,
Oscillatoria willei against Salmonella typhi (Tab1e 1). The susceptibility varied with
the test bacteria. Species like Pseudomonas aeruginosa and Vibrio cholerae were
resistant to the methanol extracts of all the cyanobacteria tested. Salmonella typhi
and Vibrio cholerae were highly susceptible and inhibited by five cyanobacterial
species extracted in methanol. The species like Vibrio cholerae and Pseudomonas
aeruginosa were resistant to the mixture of chloroform, methanol and water extracts
of all the cyanobacteria tested. Staphylococcus aureus was highly susceptible and
inhibited by seven cyanobacterial species extracted in chloroform and methanol. The
values among the pathogens were statistically significant at 1% level, however the
values were not significant among the cyanobacterial species (Table 3).
Antifungal activities: None of the cyanobacteria extracted in methanol showed
antifungal activity against plant pathogens like Collectorichum falcatum, Pyricularia
oryzae or animal pathogenic fungi like Aspergillus flavus, Candida albicans and
Rhizopus species. Similarly, the cyanobacteria extract with mixture solvents also did
not exhibit antifungal activity against plant pathogens like Collectotricum falcatum
and Helminthosporium oryzae, or animal pathogenic fungi like Aspergillus flavus and
A. fumigatus. The inhibition zone exceeding 6mm was observed only in one case:
Oscillatoria salina extracted in methanol against Fusarium solani, and Phormidium
tenue extracted with mixture of solvents against Rhizoctonia solani (Table 2). The
susceptibility varied with the test fungi. The species like Aspergillus flavus, Candida
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albicans, Colletotrichum falcatum and Pyricularia oryzae were resistant to the
methanol extracts of all the cyanobacteria tested. Rhizoctonia solani was highly
susceptible and was inhibited by six cyanobacterial species extracted in methanol.
The species like Aspergillus flavus, A. fumigates, Colletotrichum falcatum and
Helminthosporium oryzae were resistant to the mixture of chloroform, methanol and
water extracts of all the cyanobacteria tested. Rhizoctonia solani was highly
susceptible and was inhibited by five cyanobacterial species extracted in chloroform
and methanol. The values among the pathogens were statistically significant; however
the values were not significant among the cyanobacterial species (Table 3).
DISCUSSION
In the present study, the bacterial pathogen Staphylococcus aureus was found be
inhibited by majority of the cyanobacterial strains with inhibition zones of 4-7mm
followed by Shigella flexneri by six cyanobacterial strains with inhibition zone of 46mm and Salmonella typhi by five cyanobacteria strains with highest range of
inhibition zone of 2-9mm. Among nine human bacterial pathogens, two of them
(Vibrio cholerae and Pseudomonas aeruginosa) were very sensitive and there was no
inhibition observed by any cyanobacterial species except Phormidium tenue which
was inhibited (4mm) by only Phormidium tenue methanol extract. The plant fungal
pathogens like Rhizoctonia solani were highly inhibited (2-6mm) by all cyanobacteria
species. It was followed by Fusarium solani with inhibition of 2-6mm by five
cyanobacteria species. Plant fungal pathogen Colletotrichum falcatum, and animal
fungal pathogen Aspergillus flavus were very sensitive to cyanobacterial extracts
(Tables 1, 2).
Extracts from Oscillatoria princeps were active against Bacillus subtilis,
Staphylococcus aureus, Escherichia coli and Brucella bronchiseptica (Gupta and
Shrivastava, 1965). Partially purified compounds from marine cyanobacterium
Oscillatoria willei enhanced immunoreactive cells of Swiss albino male mice
(Thirunalasundari, et al., 2003). Unicellular marine cyanobacteria such as
Synechocystis and Synechococcus reportedly cause inhibition of Gram positive
bacteria (Martins, et al., 2008). Ether and water-soluble fractions obtained from
Lyngbya majuscula have been reported to have antibacterial action against
Pseudomonas fluorescens, Micrococcus pyogenes and Mycobacterium smegmatis
(Starr, et al., 1962). In the present study, chloroform and methanol extracts have some
effect against Pseudomonas species (Table 1). Extract from Phormidium fragile has
antagonised effect against Bacillus subtilis (Palaniselvam, 1998) which is confirmed
in the present study.
Extracts from Phormidium corium an exhibited inhibition zone (46mm)
against Staphylococcus aureus (Madhumathi, et al., 2011), it was inhibited by all the
cyanobacterial extracts with a smaller inhibition zone (4-7mm) during the present
study (Table 1). Extracts from Microchaete tenera is shown to have activity (14mm)
against human pathogenic bacterium Proteus vulgaris (Prashantkumar, et al., 2006),
and in the present study it was inhibited (6 mm) by extracts collected from Spirulina
subsala and Oscillatoria willei. Extract from Tolypothrix sp. is reported to have
inhibition zone (17 and 21mm) against Bacillus cereus and Staphylococcus
epidermidis (Zeeshan, et al., 2010). Extracts of Plectonema boryanum and Anabaena
variabilis are reported to exhibit inhibition zones (17, 12mm) against Stayphylococcus
epidermidis (Suhai, et al., 2011). The extract from Nostoc paludosum shows the
inhibition zone (23mm) against Bacillus subtilis and Candida albicans (Ramachandra
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Rao, 1994). In the present study, Bacillus subtilis extract exhibited maximum
inhibition (7mm) against bacterial pathogens and four fungal pathogens, and Bacillus
subtilis were inhibited only by the Phormidium tenue extracts (Tables 1, 2). The
antimicrobial activity of the extract could be due to the presence of different
chemicals that may include flavonoids and triterpenoids besides phenolic compounds
and free hydroxyl group, (Yu, et al., 2009) amides and alkaloids (Ghasemi, et al.
2004), metabolities such as tannin, alkaloids, protein, and flavonoids (Zeeshan, et al.,
2010), heptadecane and tetradecane (Ozdemir, et al., 2004), polypeptides,
lipopeptidases (Burja, et al., 2001; Fujita, et al., 2002), fatty acids, tetramine,
spermine and piperazine (Prashantkumar, et al., 2006; Shanab, 2007).
Acetone extract of Phormidium corium, methanol extract of Lyngbya
martensiana and diethyl ether extract of Microcystis aeruginosa gave the largest
inhibition zone tested against fungal pathogens (Madhumathi, et al., 2011). Acetone
extract of cyanobacteria shows maximum inhibition zone against Echerichia coli,
Bacillus subtilis and Pseudomonas aeruginosa (De Mule, et al., 1991; Ishida, et al.,
1997). Methanol extracts of cyanobacteria was recorded maximum antimicrobial
activity against Proteus vulgaris, Bacillus cereus, Escherichia coli, Pseudomonas
aeruginosa, Aspergillus niger and Aspergillus flavus (Prashantkumar, et al., 2006).
Ethanol extracts of cyanobacteria mat gave maximum inhibition zone against
Staphylococcus aureus, Streptococcus pyrogenes and Pseudomonas aeruginosa
(Abed, et al., 2011). Acetone and methanol extracts from Spirulina platensis showed
more or less similar inhibition zones against Staphylococcus aureus and
Staphylococcus typhimurium (Kumar, et al., 2011). Pyridine and n-Butanol extracts
of Oscillatoria subbrevis, Oscillatoria amphibia and Oscillatoria chlorina gave
maximum activity against Bacillus cereus, Enterobacter sp., Enterococcus faecalis,
Staphylococcus aureus and Salmonella typhi, Aspergillus wentii, Candida albicans,
Vibrio alginolytics, Vibrio fluvialis, Vibrio mimicus, Vibrio anguillarum and Vibrio
cholerae (Prabakaran, 2011). Ethanol extract of Anabaena oryzae, diethl ether and
acetone extract of Spirulina platensis had highest antibacterial and antifungal activity
(Abedin and Taha, 2008; Ozdemir, et al., 2004). A variety of solvents (water,
methanol, ethanol, acetone, petroleum ether, and hexane) used for Arthrospira
platensis and methanol gave the highest inhibition zone (75.75%) than other solvents
(Challouf, et al., 2011). In the present study also methanol extracts of Oscillatoria
salina and Oscillatoria willei showed maximum inhibition zone against Salmonella
typhi.
CONCLUSION
It is concluded from this study that extracts of some cyanobacterial strain showed
antimicrobial activity against the pathogens used in the present investigation. Further
researches should be made to identify and purify natural product from these
cyanobacteria against antibacterial and antifungal activity. Improvement knowledge
of the composition, analysis, and the properties of these cyanobacteria with respect to
antimicrobial compounds would assist in efforts for the pharmaceutical application.
REFERENCES
Abed, R.M.M., Dobrestov, S., Al-Kharusi, S., Schramm, A., Jupp, B., Golubic, S., (2011):
Cyanobacterial diversity and bioactivity of inland hypersaline microbial mats from a
desert stream in the Sultanate of Oman. Fottea, 11: 215-224.

Copyright © 2012, Journal of Natural Products, INDIA, Dr. Sudhanshu Tiwari, All rights reserved

151

K. Sakthivel and K. Kathiresan, /Journal of Natural Products, Vol. 5(2012): 147-156
Abedin, R.M.A., Taha, H.M., (2008): Antibacterial and antifungal activity of cyanobacteria
and green microalgae. Evaluation of medium components by Plackett-Burman
Design for antimicrobial activity of Spirulina platensis. Global J. Biotech. Biochem.,
3: 22-31.
Banner, A.H., (1959): A dermatitis-producing alga in Hawaii. Hawaii Med. J., 19: 35-36.
Biondi, N., Tredici, M.R., Taton, A., Wilmotte, A., Hodgson, D.A., Losi, D., Marinelli, F.,
(2008): Cyanobacteria from benthic mats of Antarctic lakes as a source of new
bioactivities. J. App. Microbiol., 105: 105-115.
Bligh, E.J., Dyer, W.J. (1959): A rapid method of total lipid extraction and purification. Can.
J. Biochem. Physiol., 37: 911-917.
Blunt, J.W., Copp, B.R., Munro, M.H.G., Northcote, P.T., Prinsep, M.R., (2004): Marine
natural products: Nat. Prod. Rep., 21: 1-49.
Bohm, G.A., Pfleiderer, W., Boger, P., Scherer, S., (1995): Structure of a novel
oligosaccharide-mycosporine-amino acid ultraviolet A/B sunscreen pigment from the
terrestrial cyanobacterium Nostoc commune. J. Biol. Chem., 270: 8536-8539.
Bonjounklian, R., Smitka, T.A., Doolin, L.E., Molloy, R.M., Debono, M., Shaffer, S.F.,
Moore, R., Stewart, J.B., Patterson, G.M.L., (1991): Tjipanazoles new antifungal
agents from blue green algae Tolypothrix tjipanasensis. Tetrahedron, 47: 77397750.
Burja, A.M., Banaigs, B., Abou-Mansour, E., Burgess, J.G., Wright, P.C., (2001): Marine
Cyanobacteria – a prolific source of natural products. Tetrahedron, 57: 9347-9377.
Carte, B.K., (1996): Biomedical potential of marine natural products. Bioscience, 46: 271286.
Challouf, R., Trabelsi, L., Dhieb, R.B., Abed, O.E., Yahia, A., Ghozzi, K., Ammer, J.B.,
Omran, H., Ouada, H.B., (2011): Evaluation of cytotoxicity and biological activities
in extracellular polysaccharides released by cyanobacterium Arthrospira platensis.
Braz. Arch. Biol. Techno., 54: 831-838.
De Mule, M., De Caire, G., De Cano, M., Helperine D., (1991): Bioactive compound from
Nostoc muscorum (Cyanobacterium). Cytobios, 66: 169-172.
Desikachary, T.V., (1959): Cyanophyta; Indian Council of Agricultural Research: New Delhi.
pp. 686.
Frankmolle, W.P., Larsen, L.K., Caplan, F.R., Patterson, G.M.L., Knubel, G., Levin, I.A.,
Moore, R.E., (1992): Antifungal cyclic peptides from the terrestrial blue green algae
Anabaena laxa. 1. Isolation and biological properties. J. Antibiot., 45: 1451-1457.
Fujita, M., Nakao, Y., Matsunaga, S., Nishikawa, T., Fusetani, N., (2002): Sodium 1-(12hydroxy) octadecany sulphate, an MMP2 inhibitor, isolated from a tunicate of the
family Polyclinidae. J. Nat. Prod., 65: 1936-1938.
El-Sheekh, M.M., Osman, M.E.H., Dyab, M.A., Amer, M.S., (2006): Production and
characterization of antimicrobial active substance from the cyanobacterium Nostoc
muscorum. Environ. Toxicol. Pharmacol., 21: 42-50.
Ghasemi, Y., Tabatabaei, Y., Shafiee, A., Amini, M., Shokravi, S.H., Zarrini, G., (2004):
Parsiguine, a novel antimicrobial substance from Fischerella ambigua. Pharmacol.
Biol., 2: 318-322.
Gupta, A.B., Shrivastava, G.C., (1965): On antibiotic properties of some fresh water algae.
Hydrobiologia, 25: 285-288.
Halstead, G.W., (1965): Poisonous and Venomous Marine Animals of the World. US Govt.
Printing Office, Washington DC, pp.994.
Hirata, K., Takashina, J., Nakagami, H., Ueyama, S., Murakami, K., Kanamori, T.,
Miyamoto, K., (1996): Growth inhibition of various organisms by a violet pigments,
Nostocin A, produced by Nostoc spongiaeforme. Biosci. Biotech. Biochem., 60: 19051906.
Hum, H.J., Wicks, S.R., (1980): Introduction and Guide to the Marine Blue-Green Algae, 5th
edition. John Wiley and Sons, New York. pp. 194.

Copyright © 2012, Journal of Natural Products, INDIA, Dr. Sudhanshu Tiwari, All rights reserved

152

K. Sakthivel and K. Kathiresan, /Journal of Natural Products, Vol. 5(2012): 147-156
Ishibashi, M., Moore, R.E., Patterson, G.M.L., Xu, C., Clardy, J., (1986): Scytophycins,
cytotoxic and animycotic agents from cyanophyte Scytonema pseudohofmanii. J.
Org. Chem., 51: 5300-5306.
Ishida, K., Matsuda, H., Murakami, M., Yamaguchi, K., (1997): Kawaguchipetin B, an
antibacterial cyclic undecapeptide from the cyanobacterium Microcystis aeruginosa.
J. Nat. Prod., 60: 724-726.
Jaki, B., Orjala, J., Heilmann, J., Linden, A., Vogler, B., Sticher, O., (2000): Novel
extracellular diterpenoids with biological activity from the cyanobacterium Nostoc
commune. J. Nat. Prod., 63: 339-343.
Jha, R.K., Zi-rong, X., (2004): Biomedical compounds from marine organisms. Mar. Drugs,
2: 123-146.
Khairy, H.M., H. M., El-Kassas, H.Y., (2010): Active substance from some blue green algal
species used as antimicrobial agents. Afr. J. Biotechnol., 9: 2789-2800.
Kumar, V., Bhatnagar, A.K., Srivastava, J.N., (2011): Antibacterial activity of crude extracts
of Spirulina platensis and its structural elucidation of bioactive compound. J. Med.
Pl. Res., 5, 7043-7048.
Ma, L., Led, J.J. (2000): Determination by high field NMR spectroscopy of the longitudinal
electron relaxation rate in Cu(II) plastocyanin from Anabaena variabilis. J. Am.
Chem. Soc., 122: 7823-7824.
Madhumathi, V., Deepa, P., Jeyachandran, S., Manoharan, C., Vijayakumar, S., (2011):
Antimicrobial activity of cyanobacteria isolated from freshwater lake. Internat. J.
Microbiol. Res., 2: 213-216.
Martins, R.F., Ramos, M.F., Herfindal, L., Sousa, J.A., Skarven, K., Vasconcelos, V.M.,
(2008): Antimicrobial and cytotoxic assessment of marine cyanobacteria Synechocystis and Synechococcus. Mar. Drugs, 6: 1-11.
McCarthy, P.J., Pomponi, S.A., (2004): A search for new Pharmaceutical Drugs from marine
organisms. Marine Biomed. Res., 1-2.
Metting, B., Pyne, J.W., (1986): Biologically active compounds from microalgae enzyme.
Microb. Technol., 8: 386-394.
Mundt, S., Kreitlow, S., Jansen, R., (2003): Fatty acids with antibacterial activity from
cyanobacterium Oscillatoria redekei HUB 051. Appl. Phycol., 15: 263-267.
Ozdemir, G., Karabay, N., Dolay, M., Pazarbasi, B., (2004): Antibacterial activity of volatile
extracts of Spirulina plantensis. Phytother. Res., 18: 754-757.
Palaniselvam, V., (1998) Epiphytic cyanobacteria of mangrove: ecological, physiological and
biochemical studies and their utility as biofertilizer and shrimp-feed. Ph.D. thesis,
Annamalai University, India. pp. 141.
Patterson, G.M.L., Baker, K.K., Baldwin, C.L., Bolis, C.M., Caplan, F.R., Larsen, L.K.,
Levine, I.A., Moore, R.E., Nelson, C.S., Tschappat, K.D., Tuang, G.D., (1993):
Antiviral activity of cultured blue-green algae (cyanophyta). J. Phycol., 29: 125-130.
Prabakaran, M., (2011): Invitro antimicrobial potentials of marine Oscillatoria species. Asian
J. Pl. Sci. Res., 1: 58-64.
Prashantkumar, P., Angadi, S.B., Vidyasagar, G.M., (2006): Antimicrobial activity of bluegreen and green algae. Indian J. Pharm. Sci., 68: 647-648.
Pushparaj, B., Pelosi, E., Juttner, F., (1999): Toxicological analysis of the marine
cyanobacterium Nodularia harveyana. J. Appl. Phycol., 10: 527-530.
Ramachandra Rao, C.S.V., (1994): Antimicrobial activity of cyanobacteria. Indian J. Mar.
Sci., 23: 55-56.
Ramamurthy, V., Raveendran, S., (2009): Antibacterial and antifungal activity of Spirulina
platensis and Lyngbya majuscula. J. Ecobiol., 24: 47-52.
Ramamurthy, V., Raveendran, S., Thirumeni, S., Krishnaveni, S., (2012): Antimicrobial
activity of Heterocytic Cyanobacteria. Int. J. Adv. Lif. Sci., 1: 32-39.
Schaeffer, D.J., Krylov, V.S., (2000): Anti-HIV activity of extracts and compounds from
algae and cyanobacteria. Ecotoxicol. Environ. Saf., 45: 208-227.

Copyright © 2012, Journal of Natural Products, INDIA, Dr. Sudhanshu Tiwari, All rights reserved

153

K. Sakthivel and K. Kathiresan, /Journal of Natural Products, Vol. 5(2012): 147-156
Shanab, S.M.M., (2007): Bioactive Allelo-chemical compounds from Oscillatoria species
(Egyptian Isolates). Int. J. Agric. Biol., 9: 617-621.
Starr, T.J., Deif, E.F., Church, K.K., Allen, M.B., (1962): Antibacterial and antiviral activities
of algal extracts studied by acridine orange staining. Tex. Rep. Biol. Med., 20: 271278.
Suhail, S., Biswas, D., Farooqui, A., Arif, J.M., Zeeshan, M., (2011): Antibacterial and free
radical scavenging potential of some cyanobacterial strains and their growth
characteristics. J. Chem. Pharm. Res., 3: 472-478.
Thillairajasekar, K., Duraipandiyan, V., Perumal, P., Ignacimuthu, S., (2009): Antimicrobial
activity of Trichodesmium erythraeum (Ehr) (microalga) from South East coast of
Tamil Nadu, India. Intern. J. Integr. Biol., 5: 167-170.
Thirunalasundari, T., Sarulatha, S., Subramanian, G., (2003): Immunomodulatory effect of
marine cyanobacterium Oscillatoria willei bdu 130511 an in vitro and in vivo study.
Biomedicine, 23:13-26.
Yu, H., Jia, S., Dai, Y., (2009): Growth characteristics of the cyanobacterium Nostoc
flagelliforme in photoautotrophic, mixotrophic and heterotrophic cultivation. J. Appl.
Phycol., 21:127-133.
Zeeshan, M., Suhail, S., Biswas, D., Farooqui, A., Arif, J.M., (2010): Screening of selected
cyanobacterial strains for phycochemical compounds and biological activities in
vitro. Biochem. Cell. Arch., 10: 163-168.

Copyright © 2012, Journal of Natural Products, INDIA, Dr. Sudhanshu Tiwari, All rights reserved

154

K. Sakthivel and K. Kathiresan, /Journal of Natural Products, Vol. 5(2012): 147-156

Table- 1: Antibacterial activity in terms of Inhibition Zone (in mm) expressed against nine
human pathogenic bacteria by seven cyanobacterial species extracted in methanol,
and mixture of chloroform, methanol and water (1:2:0.8).
Pathogens
I
II
III
IV
V
VI
VII
VII
A B A B A B A B A B A B A B
Bacillus subtilis
- - - - - - - - - - - - 4 1
Escherichia coli
- - 3 6 - - - 3 - - - - 6 5
3
Vibrio parahaemolyticus - - 3 4 - - - - - - - 4 3 4
3
Proteus vulgaris
- 3 6 4 - - 4 - - 6 - - 3 2
5
Pseudomonas aeruginosa - - - - - - - - - - - - - 0
Salmonella typhi
- - 6 4 - - 8 2 9 5 8 7 6 5
5
Shigella flexneri
- - - 4 - 4 3 4 3 4 4 4 4 5
6
Staphylococcus aureus
6 5 7 7 - 4 5 7 - 4 4 7 6 4
7
Vibrio cholerae
- - - - - - - - - - - - - 0
No. of bacteria inhibited 1 2 5 6 0 2 4 4 2 4 4 4 6 7
•
•
•

I – Synechocystis salina; II – Spirulina subsalsa; III – Oscillatoria cortiana; IV – Oscillatoria
salina; V – Oscillatoria willei; VI – Phormidium fragile; VII – Phormidium tenue; VII – Number of
potential cyanobacteria.
A – Methanol extract; B – Chloroform, Methanol and Water (1:2:0.8)
– no activity

Table- 2: Antifungal activity in terms of Inhibition Zone (in mm) expressed against five plant
fungal pathogen and four animal fungal pathogen by seven cyanobacterial species
extracted in methanol, and the mixture of chloroform, methanol and water (1:2:0.8).
Pathogens
I
II
III
IV
V
VI
VII
VII
A B A B A B A B A B A B A B
Colletotrichum falcatum
- - - - - - - - - - - - - 0
Fusarium solani
- - 4 4 - - 6 4 - 3 2 - 3 3
5
Helminthosporium oryzae - - - - - - 3 - - - - - - 1
Pyricularia oryzae
- - - - - - - 3 - - - 3 - 2
Rhizoctonia solani
- 2 3 4 2 2 4 3 2 - 3 - 6 3
7
Aspergillus flavus
- - - - - - - - - - - - - 0
Aspergillus fumicatus
- - - - - - - 3 - - - - - 2
Candida albicans
- - - - - - - 3 - - - - - 1
Rhisopus sp.
- - - 3 - - 2 - - - - - - 3
3
No. of bacteria inhibited
0 1 2 3 1 2 3 3 1 1 2 1 3 4
• I – Synechocystis salina; II – Spirulina subsalsa; III – Oscillatoria cortiana; IV –
Oscillatoria salina; V – Oscillatoria willei; VI – Phormidium fragile; VII – Phormidium
tenue; VII – Number of potential cyanobacteria
• A – Methanol extract; B – Chloroform, Methanol and Water (1:2:0.8)
•
– no activity
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Table- 3: ANOVO for the seven cyanobacterial extracts tested against nine human bacterial
pathogens, five plant fungal pathogens and four animal fungal pathogens.
No. Pathogens
Level of significance Level of significance between
between pathogens
cyanobacterial species
Antibacterial activity of methanol extract
1
Escherichia coli
165.00 **
1.81 NS
2
Vibrio parahaemolyticus
18.10 **
0.17 NS
3
Proteus vulgaris
68.20 **
1.00 NS
4
Shigella flexneri
29.00 **
0000 NS
5
Staphylococcus aureus
21.27 **
1.81 NS
Antibacterial activity of chloroform, methanol and water extract
1
Bacillus subtilis
16.00 **
1.00 NS
2
Escherichia coli
12.42 **
0.35 NS
3
Vibrio parahaemolyticus
54.00 **
0000 NS
4
Proteus vulgaris
21.00 **
1.00 NS
5
Shigella flexneri
112.00 **
2.50 NS
6
Staphylococcus aureus
10.50 *
2.50 NS
Antifungal activity of methanol extract
1
Aspergillus fumicatus
6553 NS
6553 NS
2
Fusarium solani
33.40 **
0.29 NS
3
Helminthosporium oryzae
655 **
6550 **
4
Rhizoctonia solani
6.07 *
0.12 NS
Antifungal activity of chloroform, methanol and water extract
1
Candida albicans
25.00 **
1.00 NS
2
Fusarium solani
45.00 **
2.50 NS
3
Pyricularia oryzae
25.00 **
2.50 NS
4
Rhizoctonia solani
25.38 **
2.14 NS
5
Rhizopus spp.
17.50 **
2.50 NS
•

**Significant at 1% ; *Significant at 5% ; NS - Not Significant
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