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

ISSN 0974 — 5211

Journal of Natural Products
Volume 5 (2012)

Research Paper www.JournalofNaturalProducts.Com

Antimicrobial activities of marine cyanobacteria isolated from
mangr ove environment of south east coast of India

*Kollimalai Sakthivel, Kandasamy Kathiresan
Centre of Advanced Study in Marine Biology, FaculfyMarine Science, Annamalai
University, Parangipettati — 608 502, Tamil Naddin

* Corresponding Author
(Received 27 February 2012; Revised 08 March-141 20d.2; Accepted 14 April 2012)

ABSTRACT
Cyanobacteria were isolated from the intertidal eaf three different mangrove
environment Pichavaram (11° 27' N 79° 47' E), Rgigettai (11° 29' N 79° 47' E)
and Mudasal Odai (11° 28' N 7986 E) on southeast coast of India. Seven
cyanobacteria were extracted in methanol, and #&uneof chloroform, methanol and
water (1:2:0.8), and tested for antimicrobial atgivagainst nine human bacterial
pathogens Racillus subtilis, Escherichia coli, Vibrio parahaemolyticus, Proteus
vulgaris, Pseudomonas aeruginosa, Salmonella typhi, Shigella flexneri,
Saphylococcus aureus and Vibrio cholerae), five plant fungal pathogens
(Colletotrichum falcatum, Fusarium solani, Helminthosporium oryzae, Pyricularia
oryzae and Rhizoctonia solani) and four animal fungal pathogerssfergillus flavus,
A. fumigates, Candida albicans and Rhizopus species). ExcepDscillatoria cortiana
methanol extractthe cyanobacterial species exhibited antibactextéivity. Human
bacterial pathogens exceptseudomonas aeruginosa and Vibrio cholerae, were
inhibited. ExceptSynechocystis salina methanol extractthe cyanobacterial species
showed antifungal activity. Plant fungal pathogetiser tharColletotrichum falcatum
and Fusarium solani were inhibited. Human fungal pathogens excagtergillus
flavus were inhibited. The maximum antibacterial inhititi zone of 9 mm was
observed inOscillatoria willei againstSalmonella typhi. The maximum antifungal
activity with inhibition zone of 5 mm was obserweih Oscillatoria salina methanol
extract againsEusarium solani, Phormidium tenue methanol extracand Rhizoctonia
solani.

Keywor ds: Antimicrobial activity; Fungal, bacterial pathogeiMangroves; Cyanobacteria.

INTRODUCTION
Nearly 50,000 natural products have been discovieoed microorganisms, 10,000 of
these are reported to have biological activity amer 100 products are in use today as
antibiotics, antitumour agents, and agrochemic&arte, 1996). Antibiotics are
defined as substances produced by microorganisahaté antagonistic to the growth
or life of other microbes (Halstead, 1965). Maremerironment covers a wide thermal
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range (from below-freezing temperatures in Antaretaters to about 350°C in deep
hydrothermal vents), pressure range (1-1000 atnewep)y nutrient range
(oligotrophic to eutrophic) and has both photic amoh-photic zones. Marine
environment may contain over 80% of world’s plantlanimal species. With the
development of new diving techniques, remote opdratachines etc., it is possible
to collect marine samples and during the past decagr 5000 novel compounds
have been isolated from shallow waters to 900mhdept the sea (McCarthy and
Pomponi, 2004). Sea has got plenty of metabolites ather resources in living or
dead form. Sponges (37%), Coelenterates (21%aachorganisms (18%) are the
major sources of biomedical compounds followed lgyea (9%), echinoderms (6%),
tunicates (6%), molluscs (2%) bryozoans (1%) éBlunt, et al., 2004).
Cyanobacteria are one of the most promising grofipsganisms for isolation
of novel and biochemically active natural produ®satterson, et al., 1993; Burja, et
al., 2001). A number of research papers have bestished recently about the
antimicrobial activities from cyanobacteria (SchHeefind Krylow, 2000; Jha and Zi-
rong, 2004; Prashantkumar, et al., 2006; Biondialgt2008; Zeeshan, et al., 2010;
Abed, et al.,, 2011; Ramamurthy, et al., 2010). TdyanobacteriumLyngbya
majuscula is responsible for sporadic outbreaks of a contertmatitis known as
‘swimmer itch’ (Banner, 1959). The cyanobacteriahsasNostoc commune (Bohm,
et al.,, 1995; Jaki, et al., 2000)nabaena variabilis (Ma and Led, 2000)Nostoc
spongiaeforme (Hirata, et al.,, 1996)Microcystis aeruginosa (Ishida, et al., 1997),
Anabaena flos aquae (Khairy and El-Kassas, 201Q)yngbya majusla (Ramamuthy
and Raveendran, 2009)richodesmium erythraeum (Thillairajasekar, et al., 2009),
Nodularia harveyana (Pushparaj, et al., 1999) a@dlothrix brevissima (Metting and
Pyne, 1986) have been popularly reported to prodarsmicrobial substances.
Heptadecane and tetradecane fr&mrulina platensis (Ozdemir, et al.,, 2004),
phenolic compounds fronNostoc muscorum (EI-Sheekh, et al., 2004), peptides,
polypeptides, amides and alkaloids fréinscherella ambigua (Ghasemi, et al., 2004),
lipopeptidases fromAnabaena spp (Burja, et al., 2001; Fujita, et al., 200ttyf
acids, tetramine, spermine and piperazine derigdtiom Anabaena spp (Mundt, et
al., 2003; Shanab, 2007)jipanasoles fronTolypothrix tjipanasensis (Bonjounklian,
et al., 1991),laxaphycins fromAnabaena laxa (Frankmolle, et al., 1992) and
scytophytin from Scytonema psuedohofmanni (Ishibashi, et al., 1986) have been
reported to possess antimicrobial activity. Inesrtb explore marine cyanobacteria
with medical potentials, marine cyanobacteria isaldrom mangrove sediment were
screened antimicrobial activity against nine hunhbaaterial pathogens, five plant
fungal pathogens and four animal fungal pathogemdost of the cyanobacteria
species were new and information about antimictamtvity very limited.

MATERIALSAND METHODS

Cyanobacterial extraction: Seven marine cyanobacteria speci@yndchocystis
salina, Spirulina subsalsa, Oscillatoria cortiana, O. salina, O. willel, Phormidium
tenue and P. fragile) isolated from three mangrove environment and tiled by
using the taxonomic publications (Desikachary, 2939m and Wicks, 1980). The
cyanobacterial cultures were extracted for antiob@l substances by two methods.
In the first method (Starr, et al.,, 1962), air-drieyanobacteria were extracted
overnight in methanol and the second method (Béigt Dyer, 1959), extraction of
dried cyanobacteria was carried out in a mixtureldbroform, methanol and water
(in aratio of 1:2:0.8). The extract was centrégdgat 5000 rpm for 20 minutes and the
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soluble fraction was evaporated to dryness at 25Y@e residue was extracted two
times with a total of 20ml of ether. The etherubdd fraction was evaporated in a
water bath at 40°C. The ether soluble residue 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 tesbbés used werBacillus subtilis,
Escherichia coli, Vibrio parahaemolyticus, Proteus wulgaris, Pseudomonas
aeruginosa, Salmonella typhi, Shigella flexneri, Staphylococcus aureus and Vibrio
cholerae, plant pathogenic fungi such &slletotrichum falcatum, Fusarium solani,
Helminthosporium oryzae, Pyricularia oryzae, and Rhizoctonia solani, and animal
pathogenic fungi such aAspergillus flavus, A. fumigates, Candida albicans and
Rhizopus species. The clinical pathogens were obtainech flar. Rajah Muthiah
Medical College Hospital, Annamalai University, atiet plant pathogens from the
Department of plant pathology, and Department ofriddture, Annamalai
University. The cyanobacteria extract (20ul) wesed to saturate the antimicrobial
assay paper disks (6mm) with a period of dryingveen each application. The disks
were placed on to the agar surface containingebkienicroorganisms, and incubated
at 37°C for 24h after a diffusion process for 1Gh8&C. The diameter of any
inhibition zones formed around the paper disc wias measured.

RESULTS
Data on the antimicrobial activity in terms of ibhion zone exhibited by the
cyanobacteria extracted either in methanol or migture of chloroform, methanol
and water, are shown in Table 1 for antibactenal @able 2 for antifungal activities.
Antibacterial activities:. The bacterial pathogens such d&acillus subtilis,
Pseudomonas aeruginosa and Vibrio cholerae did not respond to cyanobacteria
extracted in methanoRseudomonas aeruginosa andVibrio cholerae did not respond
to cyanobacteria extracted in a mixture of chlonmfomethanol and water. The
inhibition zone exceeding 9mm was observed onlgne case of methanol extract,
Oscillatoria willei againstSalmonella typhi (Table 1). The susceptibility varied with
the test bacteria. Species liRseudomonas aeruginosa and Vibrio cholerae were
resistant to the methanol extracts of all the chacteria tested. Salmonella typhi
and Vibrio cholerae were highly susceptible and inhibited by five cybacterial
species extracted in methanol. The species\likeio cholerae and Pseudomonas
aeruginosa were resistant to the mixture of chloroform, metiiaand water extracts
of all the cyanobacteria testeftaphylococcus aureus was highly susceptible and
inhibited by seven cyanobacterial species extraictedhloroform and methanol. The
values among the pathogens were statistically fiignit at 1% level, however the
values were not significant among the cyanobadtepiecies (Table 3).
Antifungal activities. None of the cyanobacteria extracted in methanolwsko
antifungal activity against plant pathogens I®ellectorichum falcatum, Pyricularia
oryzae or animal pathogenic fungi likéspergillus flavus, Candida albicans and
Rhizopus species. Similarly, the cyanobacteria extract wiilkture solvents also did
not exhibit antifungal activity against plant pageoas likeCollectotricum falcatum
andHelminthosporium oryzae, or animal pathogenic fungi likéspergillus flavus and
A. fumigatus. The inhibition zone exceeding 6mm was observed anlgne case:
Oscillatoria salina extracted in methanol againStisarium solani, and Phormidium
tenue extracted with mixture of solvents agaifdtizoctonia solani (Table 2). The
susceptibility varied with the test fungi. The sigedike Aspergillus flavus, Candida
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albicans, Colletotrichum falcatum and Pyricularia oryzae were resistant to the
methanol extracts of all the cyanobacteria teskuzoctonia solani was highly
susceptible and was inhibited by six cyanobactesjpacies extracted in methanol.
The species likeAspergillus flavus, A. fumigates, Colletotrichum falcatum and
Helminthosporium oryzae were resistant to the mixture of chloroform, methaand
water extracts of all the cyanobacteria test&fizoctonia solani was highly
susceptible and was inhibited by five cyanobadtesp@&cies extracted in chloroform
and methanol. The values among the pathogens vwaigtisally significant; however
the values were not significant among the cyanapettspecies (Table 3).

DISCUSSION
In the present study, the bacterial patho@maphylococcus aureus was found be
inhibited by majority of the cyanobacterial stramgh inhibition zones of 4-7mm
followed by Shigella flexneri by six cyanobacterial strains with inhibition zooke4-
6mm and Salmonella typhi by five cyanobacteria strains with highest rande o
inhibition zone of 2-9mm. Among nine human bacltepathogens, two of them
(Vibrio cholerae and Pseudomonas aeruginosa) were very sensitive and there was no
inhibition observed by any cyanobacterial speciesept Phormidium tenue which
was inhibited (4mm)py only Phormidium tenue methanol extract. The plant fungal
pathogens liké&hizoctonia solani were highly inhibited (2-6mm) by all cyanobacteria
species. It was followed bifusarium solani with inhibition of 2-6mm by five
cyanobacteria species. Plant fungal pathoQethetotrichum falcatum, and animal
fungal pathogerAspergillus flavus were very sensitive to cyanobacterial extracts
(Tables 1, 2).

Extracts from Oscillatoria princeps were active againsBacillus subtilis,
Saphylococcus aureus, Escherichia coli and Brucella bronchiseptica (Gupta and
Shrivastava, 1965). Partially purified compoundsnfr marine cyanobacterium
Oscillatoria willei enhanced immunoreactive cells of Swiss albino malee
(Thirunalasundari, et al., 2003). Unicellular marincyanobacteria such as
Synechocystis and Synechococcus reportedly cause inhibition of Gram positive
bacteria (Martins, et al., 2008). Ether and watduble fractions obtained from
Lyngbya majuscula have been reported to have antibacterial actioninsiga
Pseudomonas fluorescens, Micrococcus pyogenes and Mycobacterium smegmatis
(Starr, et al., 1962). In the present study, ctitota and methanol extracts have some
effect againsPseudomonas species (Table 1). Extract froRhormidium fragile has
antagonised effect againBacillus subtilis (Palaniselvam, 1998yhich is confirmed
in the present study.

Extracts from Phormidium corium an exhibited inhibition zone (46mm)
againstSaphylococcus aureus (Madhumathi, et al., 2011), it was inhibited bi/thk
cyanobacterial extracts with a smaller inhibitioone (4-7mm) during the present
study (Table 1). Extracts froMicrochaete tenera is shown to have activity (14mm)
against human pathogenic bacteritnoteus vulgaris (Prashantkumar, et al., 2006),
and in the present study it was inhibited (6 mm)hkiracts collected fror8pirulina
subsala and Oscillatoria willel. Extract from Tolypothrix sp. is reported to have
inhibition zone (17 and 21mm) againgacillus cereus and Saphylococcus
epidermidis (Zeeshan, et al., 2010). ExtractsPbéctonema boryanum and Anabaena
variabilis are reported to exhibit inhibition zones (17, 12nagainstStayphylococcus
epidermidis (Suhai, et al., 2011). Thextract fromNostoc paludosum shows the
inhibition zone (23mm) again8acillus subtilis andCandida albicans (Ramachandra
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Rao, 1994). In the present studBacillus subtilis extract exhibited maximum
inhibition (7mm) against bacterial pathogens and fongal pathogens, arighcillus
subtilis were inhibited only by théhormidium tenue extracts (Tables 1, 2). The
antimicrobial activity of the extract could be duwe the presence of different
chemicals that may include flavonoids and tritepés besides phenolic compounds
and free hydroxyl group, (Yu, et al., 2009) amidesl alkaloids (Ghasemi, et al.
2004),metabolities such as tannin, alkaloids, protein, #&vonoids (Zeeshan, et al.,
2010), heptadecane and tetradecane (Ozdemir, et al., ,20pdlypeptides,
lipopeptidases (Burja, et al., 2001; Fujita, et &002), fatty acids, tetramine,
spermine and piperazine (Prashantkumar, et alg;28i@anab, 2007).

Acetone extract ofPhormidium corium, methanol extract ofLyngbya
martensiana and diethyl ether extract d¥licrocystis aeruginosa gave the largest
inhibition zone tested against fungal pathogensdiManathi, et al., 2011)Acetone
extract of cyanobacteria shows maximum inhibitimne againstcherichia cali,
Bacillus subtilis and Pseudomonas aeruginosa (De Mule, et al., 1991; Ishida, et al.,
1997). Methanol extracts of cyanobacteria was roEmb maximum antimicrobial
activity againstProteus vulgaris, Bacillus cereus, Escherichia coli, Pseudomonas
aeruginosa, Aspergillus niger and Aspergillus flavus (Prashantkumar, et al., 2006).
Ethanol extracts of cyanobacteria mat gave maximuahibition zone against
Staphylococcus aureus, Streptococcus pyrogenes and Pseudomonas aeruginosa
(Abed, et al., 2011). Acetone and methanol extrxots Spirulina platensis showed
more or less similar inhibition zones again§&aphylococcus aureus and
Staphylococcus typhimurium (Kumar, et al., 2011). Pyridine and n-Butanol agts
of Oscillatoria subbrevis, Oscillatoria amphibia and Oscillatoria chlorina gave
maximum activity againsBacillus cereus, Enterobacter sp., Enterococcus faecalis,
Saphylococcus aureus and Salmonella typhi, Aspergillus wentii, Candida albicans,
Vibrio alginolytics, Vibrio fluvialis, Vibrio mimicus, Vibrio anguillarum and Vibrio
cholerae (Prabakaran, 2011). Ethanol extractAsfabaena oryzae, diethl ether and
acetone extract djirulina platensis had highest antibacterial and antifungal activity
(Abedin and Taha, 2008; Ozdemir, et al., 2004). vakiety of solvents (water,
methanol, ethanol, acetone, petroleum ether, andne® used forArthrospira
platensis and methanol gave the highest inhibition zone7@%) than other solvents
(Challouf, et al., 2011). In the present study alsethanol extracts dDscillatoria
salina and Oscillatoria willei showed maximum inhibition zone agairgiimonella

typhi.

CONCLUSION
It is concluded from this study that extracts omgocyanobacterial strain showed
antimicrobial activity against the pathogens usethe present investigation. Further
researches should be made to identify and purifiurab product from these
cyanobacteria against antibacterial and antifuagélity. Improvement knowledge
of the composition, analysis, and the propertiethe$e cyanobacteria with respect to
antimicrobial compounds would assist in effortstfoer pharmaceutical application.
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Table- 1: Antibacterial activity in terms of Inhibition Zone (in mm) expressed against nine
human pathogenic bacteria by seven cyanobacterial species extracted in methanal,
and mixtureof chloroform, methanol and water (1:2:0.8).

Pathogens I [ [l v \Y \i VI | VI

A|B|A|B|A|B|A|B B

=T -7 3 - - -] -

>
w
>

Bacillus subtilis - | -
Escherichia coli - | -
Vibrio parahaemolyticus | - | -
Proteus vulgaris -1 3
Pseudomonas aeruginosa | -
Salmonella typhi -] -
Shigella flexneri -] -
Saphylococcusaureus | 6 | 5
Vibrio cholerae

No. of bacteriainhibited) 1 2 %5 6 P 2 4 |4 |2 |4 |4 |4 |8
. | — Synechocystis saling; Il — Spirulina subsalsa; 11l — Oscillatoria cortiana; 1V — Oscillatoria

salina; V — Oscillatoria willei; VI — Phormidiumfragile; VII — Phormidium tenue; VII — Number of
potential cyanobacteria.

¢« A — Methanol extract; B — Chloroform, Methanol andt&/g1:2:0.8)
e —no activity
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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 [ [l v \Y VI VI | VI

A|B|A|B|A|B

-1 -1 -l -l -] -] O

3 5

Colletotrichumfalcatum | - | -
Fusarium solani - -
Helminthosporiumoryzae | - | -
Pyricularia oryzae - - -] - -] -
Rhizoctonia solani -1 23] 4| 2] 2| 4
Aspergillus flavus -l -l -0 - - -] -
Aspergillus fumicatus -l -l -] - - -] -
Candida albicans -l -l -0 - - -] -
Rhisopus sp. - - -] 3 - -] 2
No. of bacteriainhibitedf 0 1 2 8 a4 |2 |3 |3 |1 |1 |2 |18
e | — Synechocystis salina; 1l — Spirulina subsalsa; Ill — Oscillatoria cortiana; 1V —
Oxcillatoria salina; V — Oscillatoria willei; VI — Phormidium fragile; VII — Phormidium
tenue; VII — Number of potential cyanobacteria

A — Methanol extract; B — Chloroform, Methanol anater (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

» *Sjgnificant at 1% ; *Significant at 5% ; NS - Ni&ignificant
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