Chauhan et al., 1JPSR, 2014; Vol. 5(3): 995-1000. E-ISSN: 0975-8232; P-ISSN: 2320-5148

(Research Article)

-
|

=

INTERNATIONAL JOURNAL —— ¥
O

FPHARMACEUTICAL SCIENCES
AND
ResearcH

IJPSR (2014), Vol. 5, Issue 3

Received on 24 October, 2013; received in revised form, 04 December, 2013; accepted, 16 February, 2014; published 01 March, 2014

SCREENING OF CYANOBACTERIA STRAINS FROM DELHI
BACTERIAL POTENTIAL

AND NCR FOR ANTI-

Sachin Chauhan *, Ashu Vats !, Pooja Dabas %, Sonam Kumari 2, Shweta Tripathi 2, Naveen Kumar *, Indu
Malik *, N.V.S.R.K. Prasad °, Deepali** and K.V. Giri *,

Department of Life Science *, Department of Biological Science 2, Department of Botany °, Department of
Zoology *, Sri Venkateswara College, University of Delhi, Benito Juarez Road, New Delhi-110 021, India

Keywords:

Cyanobacteria, Antimicrobial
activity, Antibacterial compounds

Correspondence to Author:
Deepali

Department of Life Science, Sri
Venkateswara College, University of
Delhi, Benito Juarez Road, New
Delhi-110 021, India

E-mail: vdeepali.du@gmail.com

ABSTRACT: Cyanobacteria or blue green algae have an
extraordinary potential of producing secondary metabolites which can
be an ultimate source of newer drugs for future. The purified strain
Anabaena showed best photoautotrophic growth at 28°C with specific
growth and generation time were 0.098 and 10.0 hr respectively. The
better biomass production and antibacterial activity on 30" days of
culture. 16 cyanobacterial strains collected from different sites of
Delhi and NCR (National Capital Region, INDIA) identified as
Microcystis, Anabaena, Oscillatoria, Nostoc, Phormidium sps were
examined for antibacterial properties. The crude methanolic
intracellular extracts of 8 strains showed activity against non-
pathogenic Enterobacter aerogens and all 16 given potential against
pathogenic Escherichia coli. In which purified Anabaena sps given
maximum antibacterial activity against E. coli while Anabaena
(Johad) and Microcystis (water tank) from Manesar (Gurgaon, India)
against E. aerogens. The same strain from different origin has
different antibacterial activity. This interpretation indicates the
biosynthesis of bioactive molecules is niche and species specific.

INTRODUCTION: Cyanobacteria or the blue
green algae exhibiting the general characteristics of
Gram negative bacteria, inhabiting earth since

proteozoic era.

These are responsible for the transition of primitive
reductive atmosphere of the earth to the present

oxidative atmosphere *.

The photosynthetic oxygen-evolving  proarch-
conservate are found in almost all the ecological
habitats which may be psychrophilic to
thermopbhilic, acidophilic to alkalophilic, planktonic
to barophilic, freshwater to marine and hypersaline
to tree barks % 3 with morphological diversity
(unicellular to multicellular, coccoid to branched
filaments).
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Because of diversity, cyanobacteria produce an
unparallel array of bioactive secondary metabolites
including alkaloids, isoprenoids, polyketides and
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Increasing multi-drug resistance in pathogenic
bacteria and limitation of workers to go for newer
bioactive molecule/ drugs without indication of the
concerned lead molecules is of paramount concern.
The importance of bacterial natural products as a
replacement for new antibiotics is emphasized °
because of rich structural diversity and complexity
of natural products of microbes according to
habitats.

Therefore, the domain of natural product research
deserves to be expanded significantly. It seems
that, isolation, characterization and synthesis of
natural product would open the door to a new era in
academia and industry. Rich opportunity exists for
drug discovery from cyanobacteria as the expected
rate is far lower than for other-studied better group
of organisms ’.

Although cyanobacteria with the logic that unique
biochemical pathways might be uncovered and may
lead to the emergence of niche-specific bioactive
molecules that could have favored the evolution of
indigenous species through novel biochemical
adaptations ® , and recent report of presence of
secondary metabolite genes in cyanobacteria
represented three family (Nostocales, Chrococcales
and Oscillatriales) °.

The present study has been focused to screen
cyanobacterial strains from various sites of Delhi
and NCR regions for antibacterial potential.

MATERIAL AND METHODS: The Purified
strains of Anabaena and Microcystis were grown in
Chu-10 medium® lacking combined nitrogen with
periodic shaking and continuous illumination
(tungsten + fluorescent, 5.1 Wm™?) at 28+1°C, and
the specific growth rate was calculated according to
Kartz and Myers .

The 1 L capacity culture vessels were shaken
periodically. Purity of the cultures was routinely
checked by transferring aliquots to Luria Broth
medium and incubating in the dark at 37°C for 24
h. As the cyanobacterium was slow growing, 35-40
d old batch cultures (10 g freshwt L™) were used
for processing.

Dry weight determination: Cells  were
concentrated by centrifugation, washed and dried
(40°C) to constant weight (expressed as g I™).
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Protein estimation: Protein content of the
cyanobacterial culture was estimated using the
method adopted by Asthana et al *°. The reagents
employed were reagent 'A'( 1.0 N NaOH ), reagent
'‘B' including (i) 5.0% Na,COsand (ii) 0.5%
CuS0O4.5H,0 in 1% sodium potassium tartarate and
solution (i) and (ii) were mixed in the ratio 25:1
(v/v).Reagent 'C' (1.0 N Folin-Phenol reagent
(Sisco, India).

A 0.5 mL of 1.0 N NaOH was added to 0.5 mL
culture, incubated for 5 min in a boiling water bath.
After cooling, 2.5 mL of reagent 'B' was added and
the reaction mixture incubated for 10 min at 37°C.
This was followed by the addition of 0.5 mL Folin-
Phenol reagent and incubation for another 15 min.
The intensity of the resulting blue color was read at
650 nm in Spectrophotometer (Systronic, India)
and the protein amount quantified as pg mL™
culture with reference to a standard calibration
curve obtained with Bovine Albumin Serum (BSA)
(Sigma- Aldrich).

Extraction and isolation of bioactive molecule:
Extraction was done according to Doan et al *2.
Cyanobacterial biomass (10g, fresh wt) was
pelleted, washed with deionised water and oven
dried at 400 C. The biomass (1g dry wt) was
extracted twice with 100 mL methanol, centrifuged
(20,000 x g, 30 min), the supernatant evaporated to
dryness and residue redissolved in methanol (2.5
mL).

Antibacterial assay: The crude extracts were
bioassays for antibacterial potential against
Enterobacter aerogenes MTCC 2822 (IMTECH,
India) and Escherichia coli ATCC 25992 using
slightly modified Kirby Bauer disc diffusion
method ** on 3.8% Mueller-Hinton (MH) agar
(Sigma-Aldrich). The inoculum from LB grown
cells (37°C, 18 h) was suspended in 0.85% NaCl
and turbidity adjusted to 10® CFU mL™ that
corresponds to 0.5 MacFarland standard according
to NCCLS (now CLSI) . The cell suspension in
each case was inoculated on MH agar with the help
of sterile, non-toxic cotton swab and incubated
(37°C, 20 min). Thereafter, 15 pul each of
methanolic extract (crude) was spotted on plates
keeping methanol as control and incubated (37°C,
18 h). Antibacterial potential was based on the
inhibition zone size (mm).
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RESULTS:

Photoautotrophic growth: It was necessary to
determine the optimum growth temperature of the
cyanobacteria for desired biomass. Photo-
autotrophic growth was compared at two different
temperatures (28 and 35°C) (Fig. 1 and 2). The
initial concentration (8.0 pg mL™) of the starter
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culture was common to all the three sets. The test
organism was grown at showed slow initial trend of
growth at least for the first 72 h, followed by the
subsequent rise in biomass up to 6 day i.e., ~1.4-
fold (11.33 pg mL™) over the initial inoculum. This
followed a slow pace of the growth to attain 32.06
ng mL™ on 18" day.
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FIG. 1: PHOTOAUTOTROPHIC GROWTH OF PURIFIED ANABAENA STAIN AT 28°C [1] & 35°C [2] FOR 32
DAYS AND ERROR BAR INDICATES STANDARD DEVIATION

The calculated specific growth and generation time
for 35°C were 0.08 and 12.5 hr respectively when
taken the values between 10 to 16" day of growth
period. The organism showed the best growth at
28°C with for the first 6 day as evident from a 2.16
fold increment in the biomass (17.7ug mL™).
Interestingly, the biomass reflected a rising trend
from 6 day onwards ending up to 16" day (39 pg
mL" %) and after that slow pace of growth, this may
be referred as decreasing log growth phase.

The calculated specific growth and generation time
for 28°C were 0.098 and 10.0 hr respectively when
taken the values between 10 to 16™ day of growth
period.

Solvent vs. bioactivity: Antibacterial property of
crude extract of selected cyanobacterium
Microcystis were also examined using different

solvents such as water, and DMSO in addition to
methanol against non-pathogenic bacterium E.
aerogenes using slightly modified Kirby Bauer
Disc Diffusion Susceptibility Method. The
diameter range of inhibition zone as achieved by
various extracts was in the sequence: 9 mm
(methanol) >5 mm (DMSO) while no inhibition
zone in case of water. Therefore, only methanolic
extract of these cyanobacteria were adopted for
further bioassay (Table 1).

Biomass age vs. antibacterial activity:
Subsequent to identification of antibacterial
potential, it was imperative to determine the exact
cell age as secondary metabolite (intracellular)
production is a function of age. Antibacterial
bioassay of lipophilic (methanolic) extract of
cyanobacterial biomass for intracellular metabolites
is represented in (Table 1).

TABLE 1: RELATIVE AFFECTIVITY OF THE ‘ACTIVE MOLECULES’ IN DIFFERENT SOLVENTS AND ON

DIFFERENT AGES AGINST E. AEROGENES

Inhibition zone (mm)

Strains Different Solvent
Water DMSO Methanol
Anabaena n.d. =0 9.0
Opaque zone
Biomass Age
10 day 20 day 30 day 60 day 90 day
AT n.d. 3.0 13.0 5.0 3.0

*n.d.- not detected
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The bacterial sensitivity the intracellular
metabolites were measured in terms of inhibition
zones formed taking E. aerogenes as the target.
Methanolic extracts from 20 and 30 day old
biomass produced 3 mm and 13 mm inhibition
zone on the bacterial lawn respectively. For 60"
day sets, the extract had showed impact (5 mm
zone) compared to the cells grown until 90™ day (3
mm). While for 10 days biomass no inhibition zone
was formed. Therefore, 30 day culture age was
selected for optimal intracellular antimicrobial
activity.

Antibacterial activity: The crude methanolic
extract of 16 identified cyanobacterial strains
(Microcystis, Anabaena, Oscillatoria, Nostoc,
Phormidium sps) from different part of Delhi and
NCR showed different activity against both non-
pathogenic and pathogenic target bacteria i.e., E.
aerogenes and E. coli respectively. The strains
from different part of Delhi Microcystis (Water
logging, Najafgarh, Delhi) and Microcystis (Johad,
Rani Khera, Delhi) showed activity against both
targets and produced inhibition zone on agar plate
of 10 and 27.5 or 45 and 22 mm respectively.
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The Oscillatiria from open field (India gate, Delhi)
given impact for 28 mm against E. coli only and
same as for Nostoc from Yamuna River (Lok
Nayak Setu, Delhi) 33 mm. The strains from
different habitat of Manesar (Gurgaon, NCR, India)
were active against both target bacteria.
Microcystis from Johad (a pond for multipurpose
human activity) had given impact against E.
aerogens (47 mm) and E. coli (32 mm) as
inhibition zone.

Respectively, other strains from Manesar Nostoc
(Water logging) 10 and 32 mm, Anabaena (Water
tank) 47 and 30 mm, and only Anabaena (Water
tap) were active against E. coli (25 mm). The
Purified strain from different research institute
Anabaena and Nostoc spongiforme (AMITY
university, Noida), Synecocystis (Banaras Hindu
university, Varanasi, India) showed activity against
both target bacterial strain 5, 37 cm and 10, 25 cm
and 10 , 25 cm respectively. Among purified
strains, only Fischerella sps (BHU, Varanasi)
active against E. coli only (26 mm) (Table 2).

TABLE 2: BIOASSAY OF DIFFERENT CYANOBACTERIAL METHANOLIC EXTRACT AGAINST NON-

PATHOGENIC E. AEROGENES AND E. COLI

Inhibition zone (mm)

S. No. Collection Sites Habitat Identified Strains :

E. aerogenes E. coli
1 India Gate (Delhi) Open field Oscillatoria n.d. 28
2 Yamuna river (Delhi) Loknayak setu Nostoc n.d. 33
3 Manesar (Gurgaon) Pond (Johad) Microcystis 47 32
4 Manesar (Gurgaon) Water logging Nostoc 10 32
5 Manesar (Gurgaon) Water tank Anabaena 47 30
6 Manesar (Gurgaon) Water tap Anabaena n.d. 25
7 Nazafgardh (Delhi) Water logging Microcystis 10 27.5
8 Rani Khera (Delhi) Pond (Johad) Microcyctis 45 22
9 Rani Khera (Delhi) Pond (Devali) Microcystis n.d. 23
10 Satya niketan (Delhi) Pot Oscillatoria n.d. 20
11 Hauz Khas (Delhi) Pond Microcystis n.d. 22

Purified Culture:

12 AMITY University (Noida) Anabaena 5 37
13 AMITY university (Noida) Nostoc spongiforme 10 25
14 Banaras Hindu university Fischerella sps n.d. 26
15 Banaras Hindu university Synecocystis 10 25

DISCUSSION: There are reports of cyanobacterial
production of biomolecules intracellular by
mesophilic by N. commune *°, N. linckia ¢, N.
muscorum '’ and Nostoc ATCC 53789 ®. In batch
cultures, N. insulare had its metabolism dependent

on the cell age '®. Cyanobacterial metabolites with
antimicrobial activity may either be produced
constitutively throughout the exponential and linear
phase, or specific to pre-stationary or stationary
phase *°.
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In the present context, also cyanobacterial biomass
at 30 d old was processed for antibacterial
bioassay. Since secondary metabolites are produced
in the pre-stationary phase/stationary phase, it was
imperative to harvest the cyanobacterial biomass
for intracellular biomolecule at selected time. The
present organisms were routinely grown at 28°C
(ref Fig. 1). Extracts from cyanobacterial biomass
at 30 d, produced larger inhibition zones, reflecting
that the duration was optimal for procuring the
intracellular metabolites.

Preliminary screening revealed that in contrast to
DMSO or aqueous extract of cyanobacterial
extract, only methanolic one exhibited maximum
antibacterial activity against E. aerogenes; an
observation in agreement with others > %, Falch et
al # tested a total of 80 lipophilic and hydrophilic
extracts from 20 samples of freshwater and
terrestrial cyanobacteria and out of 54 extract, 78%
were antibacterial and 45% antifungal.

The antiviral activity of methanol: water (3:1)
extract of Spirulina maxima is also on record %.
The methanolic extraction of oven dried
cyanobacterium was preferred as the minimum
volume of methanol (5 pL) was non-toxic to E.
aerogenes growth on test plate (ref Table 1). This
perhaps justifies the adoption of methanol as the
ideal solvent in the present case.

A fairly low level (15 ul) of methanolic crude
extract of almost all collected cyanobacteria was
effective against non-pathogenic E. aerogenes and
pathogenic E.coli (ref. Table 2). Taton et al %,
Biondi et al ® prepared 126 extracts from 48 strains
of cyanobacteria from the lakes there and found
that extracts from 16 cyanobacteria were
antimicrobial (the Gram (+) S. aureus), antifungal
(Aspergillus ~ fumigatus) and  the  yeast
(Cryptococcus neoformans), and 25 were cytotoxic
towards Hela cells. Jaki et al ?* screened 86
methanolic (lipophilic) and hydrophilic extracts
from out of 43 samples of cultured and field
collected freshwater and terrestrial cyanobacteria,
only 18.3% were active against Gram-positive and
5.8% against Gram-negative bacteria.

Zornitza et al 2 reported a broad-spectrum

antibiotics produced by Nostoc sp. that inhibited
the growth of bacteria, notably the MDR strains of
S. aureus and P. aeruginosa.
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Goud et al ?® reported high antibacterial activity in
extracts of Nostoc, Lyngbya, and even the green
algae (Mougeotia and Pithophora sp.). Metabolites
of fifty isolated strains were extracted
(extracellular) in ethyl acetate and methanol, out of
them 24 isolates showed antimicrobial activity
against several pathogenic bacteria and one yeast.

The cyanobacterial  strains  Cylindrospermo
psisraciborskii 339-T3, Synechococcus elongatus
PCC7942, Microcystis aeruginosa NPCD-1, M.
panniformis SCP702 and Fischerella sp. CENA19
provided the most active extracts 2’. Lagunamides
A (1) and B (2) are new cyclic depsipeptides with
antiswrming as well as antibacterial activities
isolated from the marine cyanobacterium Lyngbya
majuscula obtained from Pulau Hantu Besar,
Singapore %.

Despite their potent biological activities, very few
cyanobacterial compounds have entered clinical
trials and no cyanobacterially derived compound
has been approved by the Food and Drug
Administration.

In our opinion, the pharmaceutical potential of
cyanobacteria deserves more scientific attention
and interdisciplinary research. Further, to find
novel compounds, cyanobacterial strains from still
unexplored and extreme habitats should also be
studied.

CONCLUSION:  Antibacterial  property  of
methanolic extract of Microcytis sps., from various
niches shown different activity against non-
pathogenic bacterium  E.aerogens.  This
interpretation  indicates the biosynthesis of
bioactive molecules is niche and species specific.

ACKNOWLEDGMENT: We are grateful to Dean
and Program Coordinator of innovation project,
University of Delhi.

We are very thankful to Principal, Sri
Venkateswara College, university of Delhi, for time
to time Kind Corporation and support, for lab
facilities, Department of Botany, Sri Venkateswara
College, for Cyanobacterial Strain, Department of
Biotechnology, AMITY university, Department of
Botany, Banaras Hindu University and UGC for
financial support to Innovation Project 2012-2013
(SVC- 102).

International Journal of Pharmaceutical Sciences and Research 999



Chauhan et al., 1JPSR, 2014; Vol. 5(3): 995-1000.

REFERENCES:

1.

10.

11.

12.

13.

14.

Fogg GE, Stewart WDP, Fay P, Walsby AE. The blue
green algae. London and New York; Academic
Press.1973.

Sakthivel K, Kathiresan K. Antimicrobial activities of
marine cyanobacteria isolated from mangrove environment
of south east coast of India, J Nat Prod, 2012; 5: 147-156.
Priyadarshani | and Rath B. Bioactive compounds from
microalgae and cyanobacteria: Utility and applications.
2012; 3: 4123-4130.

Singh S, Kate BN, Banerjee UC. Bioactive compounds
from cyanobacteria and microalgae: an overview. Crit Rev
Biotechnol, 2005; 25: 73-95.

Neilan BA, Pearson LA, Moffitt MC, Mihali KT,
Kaebernick M, Kellmann R, Pomati F. The genetics and
genomics of cyanobacterial toxicity. In: Kenneth Hudnell
H. editor. Proceeding of the interagency, international
symposium on cyanobacterial harmful algal blooms.
Advances in experimental medicine & biology, pp. 2007;
403-438.

Peldez F. The historical delivery of antibiotics from
microbial natural products-can history repeat? Biochem
Pharmacol, 2006; 71: 981-990

Olaizola M. Commercial development of microalgal
biotechnology: from the test tube to the marketplace.
Biomol Eng, 2003; 20: 459-466.

Biondi N, Tredici MR, Taton A, Wilmotte A, Hodgson
DA, Losi D, Marinelli F. Cyanobacteria from benthic
mats of Antarctic lakes as a source of new bioactivities. J
Appl Microbiol, 2008; 105: 105-115.

Barrios-Llerena ME, Burja AM, Wright PC. Genetic
analysis of polyketide synthase and peptide synthetase
genes in cyanobacteria as a mining tool for secondary
metabolites. J Ind Microbiol Biotechnol, 2007; 34: 443-
456.

Asthana RK, Deepali, tripathi MK, Srivastava A, Singh
AP, Singh SP, Nath G, Srivastava R, Srivastava BS.
Isolation and Identification of a new antibacterial entity
from an Antarctic strain Nostoc CCC 537. J Appl Phycol
(DOI 10.1007/s10811-008-9328-2).

Kartz WA, Myers J. Nutrition and growth of several blue-
green algae. AmJ Bot, (1955) 42:282-287.

Doan NT, Rickards RW, Rothschild JM, Smith GD.
Allelopathic actions of the alkaloid 12-epi-hapalindole E
isonitrile and calothrixin A from cyanobacteria of the
genera Fischerella and Calothrix. J Appl Phycol, 2000; 12:
409-416.

Asthana RK, Srivastava A, Singh AP, Deepali, Singh SP,
Nath G, Srivastava R, Srivastava BS. ldentification of an
antimicrobial entity from the cyanobacterium Fischerella
sp. isolated from bark of Azadirachta indica (Neem) tree. J
Appl Phycol, 2006; 18: 33-39.

National Committee for Clinical Laboratory Standards.
Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically. Approved standard M7-A4.
Wayne, Pa.1997.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Jaki B, Orjala J, Heilmann J, Linden A, Vogler B, Sticher
O. Novel extracellular diterpenoids with biological activity
from the cyanobacterium Nostoc commune. J Nat Prod,
2000; 63: 339-343.

Hemscheidt T, Puglisi MP, Larsen LK, Petterson GML,
Moore RE, Rios JL, Clardy J. Structure and biosynthesis
of borophycin, a new boeseken complex of boric acid from
marine strain of the blue-green alga Nostoc linckia. J Org
Chem, 1994; 59: 3467-3471.

Nagatsu A, Kajitani H, Sakakibara J. Muscoride A: a new
oxazole peptide alkaloid from freshwater cyanobacterium
Nostoc muscorum. J Tetrahedron Lett, 1995; 36: 4097-
4100.

Volk RB. Studies on culture age versus exometabolite
production in batch cultures of the cyanobacterium Nostoc
insulare. J Appl Phycol, 2007; 19: 491-495.

Armstrong JE, Janda KE, Alvarado B, Wright AE.
Cytotoxin production by a marine Lyngbya strain
(cyanobacterium) in a large-scale laboratory bioreactor. J
Appl Phycol, 1991; 3: 277-282.

Arun N, Gupta S, Singh DP. Antimicrbial and antioxidant
property of commonly found microalgae Spirulina
platensis, Nostoc muscorum and Chlorella pyrenoidosa
against some pathogenic bacteria and Fungi. 2012; 3:
4866-4875.

Falch BS, Kénig GM, Wright AD, Sticher O, Angerhofer
CK, Pezzuto JM, Bachmann H. Biological activities of
cyanobacteria: evaluation of extract and pure compounds.
Planta Med, 1995; 61: 321-328.

Hernandez-Corona A, Nieves |, Meckes M, Chamorro G,
Barron BL. Antiviral activity of Spirulina maxima against
herpes simplx virus type 2. Antiviral Res, 2002; 56: 279-
285.

Taton A, Grubisic S, Ertz D, Hodgson DA, Piccardi R,
Biondi N, Tredici MR, Mainini M, Losi D, Marinelli F,
Wilmotte A. Polyphasic study of Antarctic cyanobacterial
strains. J Phycol, 2006; 42: 1257-1270.

Jaki B, Orjala J, Burgi H-R, Sticher O. Biological
screening of cyanobacteria for antimicrobial and
molluscicidal activity, brine shrimp lethality, and
cytotoxicity. Pharm Biol, 1999; 37: 138-143.

Zornitza GK, Stefka DD-K, Christina N, Athanas HK,
Kamen LS, Simeon SP. Volatile components of the
freshwater algae Spirogyara and Mougeotia. Zeit Fur Nat
A, 2000; 55: 495-499.

Goud JPM, Seshikala D, Singara Charya MA.
Antibacterial activity and biomolecular composition of
certain freshwater micro-algae from river Godavary
(India). Sci world J, 2007; 2: 19-23.

Silva-Stenico ME, Silva CS, Lorenzi AS, Shishido TK,
Etchegaray A, Lira SP, Moraes LA, Fiore MF. Non-
ribosomal peptides produced by Brazilian cyanobacterial
isolates with antimicrobial activity. Microbiol Res. 2011;
20; 166(3):161-75. (doi: 10.1016/j.micres.2010.04.002).
Tripathi A, Puddick J, Prinsep MR, Rottmann M, Tan LT.
Lagunamides A and B: cytotoxic and antimalarial
cyclodepsipeptides from the marine cyanobacterium
Lyngbya majuscule. J Nat Prod. 2010; 29; 73(11):1810-4.
(doi: 10.1021/np100442x.)

How to cite this article:
Chauhan S, Vats A, Dabas P, Kumari S, Tripathi S, Kumar N, Malik I, Prasad NVSRK, Deepali and Giri KV: Screening of
Cyanobacteria strains from Delhi and NCR for anti-bacterial potential. Int J Pharm Sci Res 2014; 5(3): 995-00.doi:
10.13040/1JPSR.0975-8232.5(3).995-00

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.
This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are
available on Google Playstore)

International Journal of Pharmaceutical Sciences and Research

1000




