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Abstract

Soil sample was collected from the coastal region of Tamil
Nadu with the aim of isolating actinobacteria and screen
them for antagonistic activity against common bacterial and
fungal pathogens. Serial dilution of the soil sample and sub-
sequent screening of the isolates obtained, resulted in the
identification of a potential strain VITDDK2 with signifi-
cant activity against Klebsiella pneumoniae, Aspergillus
flavus and Aspergillus niger. In addition, the strain
VITDDK2 also possessed chitinolytic activity. Chemotaxo-
nomic analysis showed that the isolate VITDDK2 belongs
to cell wall Type I. 16 S rRNA partial gene sequence and
phylogenetic analysis showed that the strain VITDDK2
shared 93% similarity with Streptomyces sp. strain 346.
Also the secondary structure of the rRNA of VITDDK2
and the restriction sites were predicted using Genebee and
NEBCutter softwares respectively.

Isolation and Characterization of
Antagonistic Actinomycetes from Marine Soil

Lakshmipathy Deepika and Krishnan Kannabiran*
Division of Biomolecules and Genetics, School of Biosciences and Technology, VIT University, Vellore- 632014, Tamil Nadu, India

Journal of Microbial & Biochemical Technology  - Open Access
        JMBT/Vol.2 Issue 1

*Corresponding author: Dr. K. Kannabiran, Ph.D., Professor & Head, Di-
vision of Biomolecules and Genetics,  School of Biosciences and Technol-
ogy, VIT University, Vellore- 632014, India, Tel: +91 4162202473; Fax: +91
4162243092; E-mail: kkb@vit.ac.in

Received January 27, 2010; Accepted February 24, 2010; Published Feb-
ruary 24, 2010

Citation: Deepika L, Kannabiran K (2010) Isolation and Characterization of
Antagonistic Actinomycetes from Marine Soil. J Microbial Biochem Technol
2: 001-006. doi:10.4172/1948-5948.1000015

Copyright: © 2010 Deepika L, et al. This is an open-access article distrib-
uted under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

Keywords: Streptomyces sp. VITDDK2; Antagonistic activ-
ity; Chemotaxonomy; Chitinolytic activity

Introduction

Actinobacteria originally considered as an intermediate group
between bacteria and fungi, but latter it has attained a distinct
position (Pandey et al., 2004). Actinobacteria are a well defined
group of Gram positive, free-living, saprophytic bacteria with
high G+C content in their DNA (Pandey et al., 2004). The ge-
nus Streptomyces was described for the first time by Waksman
and Henrici in the year 1943 (Kim et al., 2006). Streptomyces
are filamentous, aerobic spore formers and omnipresent (Kim
et al., 2006; Watve et al., 2001). Presence of LL isomer of 2, 6-
Diaminopimelic acid (LL-DAP) and absence of any diagnostic
sugar in the cell wall is a salient feature of the genus Streptomy-
ces (Debananda et al., 2009).

Marine environment covering almost 70% of the earth sur-
face is an infinite source of novel microorganisms and chemi-
cally unique structures which have a wide range of biological
applications (Deepika and Kannabiran, 2009a; Deepika and 
Kannabiran, 2009b). Actinobacteria are a well known source of various
secondary metabolites such as antibiotics, enzymes, pesticides,
herbicides, immunomodulators, anti-infective and anticancer agents
(Newman and Craig, 2007; Takahashi and Omura, 2003). Ma-
jority of the antibiotics available till date are derived from the
genus Streptomyces (Watve et al., 2001). Over 6,000 compounds
have been reported to be produced by Streptomyces (Takahashi
and Omura, 2003). With the drug resistance of pathogenic mi-
croorganisms increasing at an alarming rate, there is an increase
in the demand for newer and safer antibiotics with lesser side
effects (Gupte et al., 2002). Hence the best alternate to meet the
increasing demand of safe and cost effective drugs is natural

products from marine actinobacteria (Behal, 2003).

In this long run to combat drug resistant microorganisms, the
unexplored and less explored marine environments needs to be
studied frequently. In the present study we have reported the
isolation and identification of a marine actinobacteria from
Ennore saltpan with moderate antibacterial, antifungal and
chitinolytic activity.

Materials and Methods

Location and sample collection

Soil samples were aseptically collected in sterile polyethylene
bags from the Ennore saltpan (Lat. 13°.14’ N, Long. 80°.22’ E)
at a depth of 5-15 and stored in the refrigerator at 4°C for fur-
ther study. Ennore coast is situated about 24 km north of Chennai
and is bound on either side by the Korttalaiyar river, Ennore
creek and the Bay of Bengal (Pulikesi et al., 2007).

Isolation of actinobacteria

Soil samples (1gm) were serially diluted and plated on Starch
Caesin agar (SCA) by pour plate technique (Deepika and Kannabiran,
2009b). Filtered sea water was used for media preparation. The plates
were incubated at 30°C for 7-10 days and the colonies obtained
were purified by quadrant streaking technique.

Screening for antibacterial and antifungal activity

Spores of VITDDK2 from pure culture plate was inoculated
in ISP1 broth (International Streptomyces Protocol) and incu-
bated at 30°C for 7 days on rotary shaker at 150 rpm. After
adequate growth, the culture was centrifuged at 10,000 rpm and
the cell free supernatant was transferred to a new eppendorf
tube. Bacterial and fungal cultures were grown in nutrient broth
and sabourauds dextrose broth respectively. Bacterial cultures
used for the study included the gram negative organisms namely
Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC
10273) and Pseudomonas aeruginosa (ATCC 27853). The fun-
gal cultures used as target organisms were Aspergillus flavus
(MTCC 277), Aspergillus niger (MTCC 281) and Aspergillus
fumigatus (MTCC 343).

A lawn culture of the target organisms was made on nutrient
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agar and sabourauds dextrose agar respectively. Wells were cut
using sterile well borer on the agar surface seeded with the test
organisms and 200 μl of cell free supernatant from the fermen-
tation broth of the isolate was added to each well aseptically.
The plates were incubated at 37°C overnight for bacteria (Kirby
Bauer method) and at 30°C for 72hrs for fungi (NCCLS M38-
A2). Penicillin G and Nystatin were used as the positive con-
trols for bacteria and fungi respectively. The plates were exam-
ined for zone of inhibition around the wells.

Chitinolytic activity

Chitinolytic activity of the isolate VITDDK2 was tested using
Chitin agar. Chitin agar plates were prepared and the isolate
was spot inoculated at the centre of the agar plate. The plate
was incubated for 7 days at 30°C and examined for zone of
inhibition around the colony (Mukesh et al., 2009).

Polyphasic taxonomy

The cultural and growth characteristics of the isolate
VITDDK2 was studied on various culture media such as Tryptone
yeast extract broth (ISP1), Yeast extract malt extract agar (ISP2),
Oatmeal agar (ISP3), Inorganic salts starch agar (ISP4), Glyc-
erol asparagine agar (ISP5), Peptone yeast extract iron agar
(ISP6), Tyrosine agar (ISP7), Starch Caesin agar, Marine Zobell
agar, Actinomycetes isolation agar, Nutrient agar, Bennets’ agar,
Sea water agar and Kusters’ agar. The plates were incubated at
30°C and observations were made on the 7th, 14th and 21st days
(Shirling and Gottlieb, 1966). The cell wall amino acid and
whole cell sugar of the isolate VITDDK2 was determined as
proposed by Lechevalier and Lechevalier (Lechevalier and
Lechevalier, 1970).

From the strain VITDDK2, DNA was isolated following the
protocol reported by Kieser et al. (2000). The isolated genomic
DNA was amplified using Actino specific forward and reverse
primers as designed by Stach et al. (2003). The PCR conditions
were adapted from Farris and Olson (Farris and Olson, 2007).
The PCR product was then ligated into the cloning vector
pTZ57R/T and sent for sequencing to Macrogen (Seoul, South
Korea).

The 16S rRNA partial gene sequence obtained was subjected
to BLAST search using NCBI data bases. The DNA sequences
were aligned and phylogenetic tree was constructed by neigh-
bor joining method (Treeview software) using ClustalW (Saitou
and Nei, 1987). A bootstrap value of 100 was used for tree con-
struction. The 16S rRNA sequence was then submitted to the
GenBank, NCBI, USA.

16S rDNA secondary structure and restriction sites analysis

The secondary structure and the restriction sites in the 16s
rDNA sequence of the isolate VITDDK2 were predicted using
online softwares Genebee and NEBCutter (version 2.0) respec-
tively.

Results and Discussion

An actinomycete having antagonistic activity was isolated from
the soil sample and characterized phylogenetically. The east coast
of India though well explored compared to the west coast not
many reports are available pertaining to diversity of
actinobacteria in the Ennore saltpan. The Ennore saltern is situ-
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ated to the north of Chennai on the east coast of India (Kasinatha
et al., 2004; Remya and Vijayakumar, 2008). The soil com-
position of this saltern is a mixture of sandy-silt (37% to 63%)
and silty-sand (33% to 53%) (Thangadurai et al., 2005). A total
of 60 colonies were obtained from soil samples on serial dilu-
tion and plating on Starch Caesin agar plates.

Of all the 60 isolates screened for antibacterial and antifungal
activity, the strain designated as VITDDK2 yielded promising
result. VITDDK2 was antagonistic only towards K. pneumoniae
producing an inhibition zone of 15 mm and compared with stan-
dard drug penicillin G (10 μg /disc). No activity was seen against
E. coli and P. aeruginosa. Antifungal activity was observed
against A. flavus (10 mm) and A. niger (25 mm) when com-
pared to standard drug nystatin (100 μg /disc) which produced
a zone of clearance of 16-20 mm (Table 1). Pandey et al. (2004)
have reported that a broad spectrum of antibacterial Streptomy-
ces species effective against both gram positive and gram nega-
tive bacteria were isolated from Lobuche area and Lukla area in
Khumbu region of Nepal. Antibacterial activity of culture fil-
trate obtained from Streptomyces sp. No. 87 against gram posi-
tive and gram negative bacteria was reported (Charoensopharat
et al., 2008). Praveen and Jain, (2007) have isolated Streptomy-
ces sampsonii GS 1322 from local garden soil, Sagar, India and
reported their antifungal secondary metabolite production.
Streptomyces cheonanensis sp. nov., a novel Streptomyces with
antifungal activity was isolated from the soil sample of Cheonan,

Test organism                     Zone of inhibition (mm)* 

 
Culture supernatant 
(100 μl/ well) 

Penicillin 
(10 μg /disc) 

Gram negative bacteria   

Escherichia coli - 20 

Klebsiella pneumoniae 15 + 0.26 - 

  Nystatin 
(100 μg /disc) 

Fungi   

Aspergillus niger 25 + 0.36 16 

Aspergillus flavus 10 + 0.79 19 

Aspergillus fumigatus - 20 

 *Average of three independent experiments

Table 1: Antimicrobial activity of Streptomyces spp. VITDDK2 culture superna-
tant against bacteria and fungi.

Figure 1: Chitinolytic activity was studied using Chitin agar and a clear zone
around the colony (arrow) indicates the lytic activity exhibited by the isolate.
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Korea (Kim et al., 2006). Debananda et al. (2009) have isolated
a broad spectrum actinobacteria Streptomyces sindenensis strain
LS1-128 having both antibacterial and antifungal activity from
Loktak Lake in Eastern Indian.

The strain VITDDK2 was also studied for its ability to de-
grade chitin. A clear zone was observed around the colony in-
oculated at the centre of the agar plate proving its ability to
degrade chitin (Figure 1). There are few reports on chitinolytic
activity of Streptomyces isolated from several locations. Julie et
al. (2003) have reported the chitinolytic activity of Streptomy-
ces melanosporofaciens strain EF-76 and its ability to reduce
the severity of potato scabies symptoms caused by phytopatho-
gen in combination with chitosan. The chitinolytic activity ex-
hibited by our isolate is comparatively lesser to that of Strepto-
myces melanosporofaciens strain EF-76. However in the present
study we have tested chitinolytic activity against human patho-
gens whereas the chitinolytic activity of Streptomyces
melanosporofaciens strain EF-76 was tested against the phyto-
pathogen Streptomyces scabies.  Kim et al. (2003) have studied
the chitinolytic activity and the effect of various parameters such
as pH, temperature, substrates, metals and inhibitors on the ac-
tivity chitinase enzyme produced by Streptomyces sp. M-20 iso-
lated in Mongolian soil. Production of chitinolytic enzyme by
Streptomyces albidoflavus and its subsequent partial character-
ization was reported by Broadway et al. (1995). In-vitro
chitinolytic activity of Iranian strains of Streptomyces plicatus
and Frankia sp. on Olive isolate of Verticillium dahliae was
already reported (Shahidi and Sonia, 2005). Actinobacteria with
chitinolytic activity was isolated from Jordan soil by Tahtamouni
et al. (2006).

In our earlier investigation, the morphological, physiological
and biochemical properties of the isolate VITDDK2 was reported.
These studies proved that the isolate VITDDK2 belonged to the
genus Streptomyces (Deepika and Kannabiran, 2009a; Deepika
and Kannabiran, 2009b). The cultural characteristics and the
growth pattern of the strain VITDDK2 are provided in the Table
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2. Chemotaxonomic analysis of the isolate showed the presence
of LL- 2, 6 Diaminopimelic acid (LL-DAP) along with glycine
in the cell wall. No diagnostic sugar was detected in the whole
cell fraction. Hence the strain VITDDK2 belongs to cell wall
type I. Similar studies related to cell wall chemistry have been
utilized by several workers to identify the Streptomyces strains.
Actinopolyspora sp., Microbispora sp. and Amycolatopsis sp.
isolated from saline soil collected from different locations in
Kuwait were reported to be identified based on chemotaxonomy
(Ibrhaim, 2006). Suthindhiran and Kannabiran (2009) have
isolated VITSDK1 with hemolytic activity from the Marakkanam
marine sediments and identified the strain belonging to the ge-
nus Streptomyces based on the chemotaxonomic results.

PCR amplification of the genomic DNA with actino specific
forward and reverse primers resulted in 643 bp amplicon. The
16S rRNA sequence thus obtained was subjected to BLAST
search using in the NCBI data base. The BLAST search result
showed that VITDDK2 showed 93% similarity to the isolate
Streptomyces sp. strain 346 (AJ278761). A phylogenetic tree
was constructed based on neighbor-joining method (Figure 2).
Based on molecular phylogeny the strain VITDDK2 was desig-
nated as Streptomyces spp. VITDDK2. The 16 S rRNA sequence
of the strain Streptomyces spp. VITDDK2 was submitted to the
GenBank, NCBI under the accession number, GU223092.  How-
ever due to the unavailability of phenotypic data for the related
strain Streptomyces sp. strain 346 from GenBank we are not
able to do a comparative study of the phenotypic characteristics
and genomic relatedness studies with our isolate.

The RNA secondary structure predicted for 16 S rRNA gene
of Streptomyces spp. VITDDK2 showed the free energy of -150.1
kkal/mol, threshold energy of -4.0 with Cluster factor 2, Con-
served factor  2 and Compensated factor  4 (Figure 3). Similarly
the restriction sites prediction of the 16S rRNA gene of Strepto-
myces spp. VITDDK2 showed the restriction sites for various
commercial and NEB restriction enzymes such as AciI, EcoRI,
MboII, EcoRV, BaeI etc. Also the restriction site analysis showed

Medium Growth pattern Aerial mycelium Reverse pigmentation 

ISP1 Good White Pale -yellow

ISP2 Moderate White Dark yellow

ISP3 Moderate White Dark yellow

ISP4 Good White Pale -yellow

ISP5 Good White Pale yellow

ISP6 Good White Dark brown

ISP7 Good White Pale yellow

Starch Caesin agar Good White Yellow 

Marine Zobell agar Abundant White Dark yellow 

Actinomycetes isolation agar Good White Pale yellow 

Bennets’ agar Poor White Cream 

Sea water agar Moderate White White 

Kusters’ agar Abundant White Pale yellow 

Nutrient agar Good White Yellow 

Table 2: Cultural and morphological characteristics of Streptomyces spp. VITDDK2.
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Figure 2:The taxonomic position of Streptomyces spp. VITDDK2 was determined based on 16S rRNA gene sequencing. A phylogenetic tree was constructed based on
neighbour-joining method using the Treeview software. Bootstrap values are represented at the nodes. Bootstrap values of 50 and above are considered.

Figure 3: Secondary structure of 16S rDNA of the isolate Streptomyces spp. VITDDK2 was predicted by using Genbee software.

Streptomyces viridiviolaceus (AB184350)

Streptomyces viridiviolaceus IFO  13359 ( AY999854)

Streptomyces spiralis (AB184575)

Streptomyces spiralis 13668B (EU741219)

Streptomyces sp.JSM 071002 (EU567324)

Streptomyces sp. 6G13 (EF198885)

Streptomyces sp.A310 Ydz-XM (EU368776)

Streptomyces sp.A309Ydz-QZ (EU257234)

Streptomyces sp. PW638 (GQ985447)

Streptomyces tritolerans DAS 165(DQ345779)

Streptomyces tritolerans AS1 (EU623448)

Streptomyces sp. IM-7239 (AF131576)

Streptomyces thermolilacinus(AB184585)

Streptomyces somaliensis DSM 40738 (AY999731)

Streptomyces sp. strain346 (AJ278761)

Streptomyces sp. VITDDK2 (GU223092)
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the GC and AT content to be 58% and 42% (Figure 4).

Diverse microorganisms inhabit the marine ecosystem rather
than the terrestrial environment. The microorganisms dwelling
in this system are put under extremes of physiological condi-
tions. Hence the micro fauna occupying this ecosystem are a
reserve source of unique chemical structures. These chemical
entities are being exploited for the welfare of mankind. Investi-
gating such stressed environments may lead to the discovery of
novel organism as well novel metabolites rather than re-isolat-
ing the same organism. In this paper we have reported one such
microorganism Streptomyces spp. VITDDK2 with antibacterial,
antifungal and chitinolytic activity. Further studies on extrac-
tion, purification and chemical characterization of the bioactive
compound is under progress.

Acknowledgment

The authors wish to thank the management of VIT University
for providing the facilities and the International Foundation for
Science (IFS, F 4185-1), Sweden and the Organization for the
Prohibition of Chemical Weapons (OPCW), The Hague, for fi-
nancial support to carry out this study.  Also thankful to Dr. S.
Karutha Pandian, Head, Department of Biotechnology, Alagappa
University, Tamil Nadu for helping in molecular work.

References

1. Beauséjour J, Clermont N, Beaulieu C (2003) Effect of Streptomyces
melanosporofaciens strain EF-76 and of chitosan on common scab of potato.
Plant and Soil 256: 463-468. » CrossRef  » PubMed  » Google Scholar

2. Behal V (2003) Alternative sources of biologically active substances. Folia
Microbiol 48: 563-571. » CrossRef  » PubMed  » Google Scholar

3. Bonjar GHS, Aghighi S (2005) Chitinolytic and Microsclerostatic activity of
Iranian strains of Streptomyces plicatus and Frankia sp. on Olive isolate of
Verticillium dahliae. Biotechnology 4: 108-113. » CrossRef  » PubMed  » Google

Scholar

4. Broadway RM, Williams DL, Kain WC, Harman GE, Lorito M, et al. (1995)

Journal of Microbial & Biochemical Technology  - Open Access
        JMBT/Vol.2 Issue 1

Figure 4:Restriction site analysis of 16 S rDNA of the isolate Streptomyces spp. VITDDK2 was carried out by using NEB cutter program.

Partial characterization of chitinolytic enzymes from Streptomyces albidoflavus.
Lett Appl Microbiol 20: 271-276. » CrossRef  » PubMed  » Google Scholar

5. Charoensopharat K, Thummabenjapone P, Sirithorn P, Thammasirirak1 S (2008)
Antibacterial substance produced by Streptomyces sp. No. 87. African Journal
of Biotechnology 7: 1362-1368. » CrossRef  » PubMed  » Google Scholar

6. Deepika TL, Kannabiran K (2009a) A report on antidermatophytic activity of
actinomycetes isolated from Ennore coast of Chennai, Tamil Nadu, India. Inter-
national Journal of Integrative Biology 6: 132-136. » CrossRef  » PubMed  » Google

Scholar

7. Deepika TL, Kannabiran K (2009b) A morphological, biochemical and bio-
logical studies of halophilic Streptomyces sp isolated from saltpan environment.
Am J Infect Dis 5: 207-213. » CrossRef  » PubMed  » Google Scholar

8. Farris MH, Oslon JB (2007) Detection of Actinobacteria cultivated from envi-
ronmental samples reveals bias in universal primers. Lett Appl Microbiol 45:
376-381. » CrossRef  » PubMed  » Google Scholar

9. Gupte M, Kulkarni P, Ganguli BN (2002) Antifungal antibiotics. Appl Microbiol
Biotechnol 58: 46-57. » CrossRef  » PubMed  » Google Scholar

10. Ibrhaim HA (2006) A Biological and Biochemical Studies of Actinomycetes
Isolated from Kuwait Saline Soil-Kuwait. Journal of Applied Science Research
2: 809-815. » CrossRef  » PubMed  » Google Scholar

11. Jain PK, Jain PC (2007) Isolation, characterization and antifungal activity of
Streptomyces sampsonii GS 1322. Indian J Exp Biol 45: 203-206. » CrossRef

» PubMed  » Google Scholar

12. Kieser T, Bibb MJ, Buttner MJ, Chater KF, Hopwood DA (2000) Practical Strep-
tomyces Genetics. The John Innes Foundation, Norwich pp613. » CrossRef  » PubMed

» Google Scholar

13. Kim HJ, Lee SC, Hwang BK (2006) Streptomyces cheonanensis sp. nov., a
novel streptomycete with antifungal activity. Int J Syst Evol Microbiol 56: 471-
475. » CrossRef  » PubMed  » Google Scholar

14. Kim KJ, Yang YJ, Kim JG (2003) Purification and Characterization of Chitinase
from Streptomyces sp. M-20. J Biochem Mol Biol 36: 185-189. » CrossRef

» PubMed  » Google Scholar

15. Lechevalier MP, Lechevalier HA (1970) Chemical composition as a criterion in
the classification of aerobic actinomycetes. International Journal of Systematic
Bacteriology 20: 435-443. » CrossRef  » PubMed  » Google Scholar

16. Malviya MK, Pandey A, Trivedi1 P, Gupta G, Kumar B (2009) Chitinolytic

        GC=58%, AT=42% 

Fok I*Sal I
*BsaHI

StyI

SacI
BsiHKAI

BseyI EcoRI BaeI
MseI

Tf i I
AvaII

SpeI
*Ac l I

*FauI
BseRI

Bpu10I
*BbvCI

DpnI
Bgl II
#MboI
BstYI
Sau3AI
BfuCI
#DpnII

BccI
EcoRV
BsmI
*FspI

ApoI

Eco53kI
BsaWI
*BspEI

*SnaBI
*Sac II
*MspA1I

*HaeII
BfuAI
BspMI

KpnI
*BanI
HpyCH4 III
*Acc65I

MboII

BtsCI
SfaNI

SspI
EcoNI

BsmFI
MlyI
PleI

BmrI
Bsr I
BsmAI

*EaeI
BstE II

*Hinc I I
TaqI
*AccI

643

http://www.springerlink.com/content/u1m6253r73qq4823/
http://scholar.google.co.in/scholar?hl=en&q=Effect+of+Streptomyces+melanosporofaciens+strain+EF-76+and+of+chitosan+on+common+scab+of+potato&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.springerlink.com/content/3q10p7t81567k674/
http://www.ncbi.nlm.nih.gov/pubmed/14976710
http://scholar.google.co.in/scholar?hl=en&q=Alternative+sources+of+biologically+active+substances&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?q=Chitinolytic+and+Microsclerostatic+activity+of+Iranian+strains+of+Streptomyces+plicatus+and+Frankia+sp.&hl=en&btnG=Search&as_sdt=2001&as_sdtp=on
http://scholar.google.co.in/scholar?q=Chitinolytic+and+Microsclerostatic+activity+of+Iranian+strains+of+Streptomyces+plicatus+and+Frankia+sp.&hl=en&btnG=Search&as_sdt=2001&as_sdtp=on
http://ddr.nal.usda.gov/bitstream/10113/25357/1/IND20461766.pdf
http://www.ncbi.nlm.nih.gov/pubmed/7766226
http://scholar.google.co.in/scholar?hl=en&q=Partial+characterization+of+chitinolytic+enzymes+from+Streptomyces+albidoflavus.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.akademik.unsri.ac.id/download/journal/files/scipub/ajid53207-213.pdf
http://scholar.google.co.in/scholar?hl=en&q=Deepika+TL%2C+Kannabiran+K&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www3.interscience.wiley.com/journal/117998042/abstract?CRETRY=1&SRETRY=0
http://www.ncbi.nlm.nih.gov/pubmed/17897379
http://scholar.google.co.in/scholar?hl=en&q=Detection+of+Actinobacteria+cultivated+from+environmental+samples+reveals+bias+in+universal+primers.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.journalarchive.jst.go.jp/english/jnlabstract_en.php?cdjournal=antibiotics1968&cdvol=28&noissue=10&startpage=727
http://www.ncbi.nlm.nih.gov/pubmed/11831475
http://scholar.google.co.in/scholar?hl=en&q=Antifungal+antibiotics.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.insipub.com/jasr/2006/809-815.pdf
http://scholar.google.co.in/scholar?hl=en&q=A+Biological+and+Biochemical+Studies+of+Actinomycetes+Isolated+from+Kuwait+Saline+Soil-Kuwait.+&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.ncbi.nlm.nih.gov/pubmed/17375561
http://scholar.google.co.in/scholar?hl=en&q=Isolation%2C+characterization+and+antifungal+activity+of+Streptomyces+sampsonii+GS+1322.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.socgenmicrobiol.org.uk/pubs/micro_today/book_reviews/MTFEB01/MTF01_02.cfm
http://scholar.google.co.in/scholar?hl=en&q=Practical+Streptomyces+Genetics.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://ijs.sgmjournals.org/cgi/content/abstract/56/2/471
http://www.ncbi.nlm.nih.gov/pubmed/16449460
http://scholar.google.co.in/scholar?hl=en&q=Streptomyces+cheonanensis+sp.+nov.%2C+a+novel+streptomycete+with+antifungal+activity.+&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.jbmb.or.kr/jbmb/jbmb_files/%5B36-2%5D0303211834_185-189.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12689517
http://scholar.google.co.in/scholar?hl=en&q=Purification+and+Characterization+of+Chitinase+from+Streptomyces+sp.+M-20.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://ijsb.sgmjournals.org/cgi/content/abstract/20/4/435
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC276748
http://scholar.google.co.in/scholar?hl=en&q=Chemical+composition+as+a+criterion+in+the+classification+of+aerobic+actinomycetes.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Antibacterial+substance+produced+by+Streptomyces+sp.+No.+87&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0


J Microbial Biochem Technol                                                                                            Volume 2(1) : 001-006 (2010) - 006
 ISSN:1948-5948 JMBT, an open access journal

activity of cold tolerant antagonistic species of Streptomyces isolated from gla-
cial sites of Indian Himalaya. Current Microbiology 59: 502-508. » CrossRef

» PubMed  » Google Scholar

17. Newman DJ, Cragg MG (2007) Natural products as sources of new drugs over
the last 25 years. J Nat Prod 70: 461-477. » CrossRef  » PubMed  » Google Scholar

18. Ningthoujam D,  Nimaichand S, Sanasam S (2009) A Streptomyces sindenensis
strain LS1-128 exhibiting broad spectrum antimicrobial activity. Research J
Biological Sciences 4: 1085- 1091. » CrossRef  » PubMed  » Google Scholar

19. Lakshmipathy DT, Kannabiran K, Dhanasekaran D (2009) Diversity of
antidermatophytic Streptomyces in the coastal region of Chennai, Tamil Nadu,
India. Journal of Pharmacy Research 2: 22-26. » CrossRef  » PubMed  » Google Scholar

20. Pandian PK, Ramesh S, Murthy S (2004) Shoreline changes and near shore
processes along Ennore Coast, East Coast of South India. Journal of Coastal
Research 20: 828-845. » CrossRef  » PubMed  » Google Scholar

21. Pandey B, Ghimire P, Agrawal VP (2004) Studies on the antimicrobial activity
of actinomycetes isolated from Khumbu region of Nepal. PhD dissertation,
Tribhuvan University, Kathmandu, Nepal. » CrossRef  » PubMed  » Google Scholar

22. Pulikesi M, Baskaralingam P, Elango D, Rayuduc VN, Ramamurthi V, et al.
(2007) Air quality monitoring in Chennai, India, in the summer of 2005. J Haz-
ardous Material 136: 589-596. » CrossRef  » PubMed  » Google Scholar

23. Remya M, Vijayakumar R (2008) Isolation and Characterization of marine
antagonistic Actinomycetes from West coast of India. Facta Universitatis 15:
13-19. » CrossRef  » PubMed  » Google Scholar

24. Saitou N, Nei M (1987) The neighbor-joining method: a new method for recon-
structing phylogenetic trees. Mol Biol Evol 4: 406-25.  » CrossRef  » PubMed

» Google Scholar

Citation: Deepika L, Kannabiran K (2010) Isolation and Characterization of Antagonistic Actinomycetes from Marine Soil. J
Microbial Biochem Technol 2: 001-006. doi:10.4172/1948-5948.1000015

25. Shirling EB, Gottlieb D (1966) Methods for characterization of Streptomyces
species. Int J Syst Bacteriol 16: 312-40. » CrossRef  » PubMed  » Google Scholar

26. Stach JE, Maldonado LA, Ward AC, Goodfellow M, Bull AT (2003) New prim-
ers for the class Actinobacteria: application to marine and terrestrial environ-
ments. Environ Microbiol 5: 828-841. » CrossRef  » PubMed  » Google Scholar

27. Suthindhiran K, Kannabiran K (2009) Hemolytic activity of Streptomyces
VITSDK1 spp. isolated from marine sediments in Southern India. Journal de
Mycologie Médicale 19: 77- 86. » CrossRef  » PubMed  » Google Scholar

28. Tahtamouni MEW, Hameed KM, Saadoun IM (2006) Biological Control of
Sclerotinia sclerotiorum using indigenous Chitinolytic Actinomycetes in Jor-
dan. Plant Pathol J 22: 107-114. » CrossRef  » PubMed  » Google Scholar

29. Takahashi YO, Omura S (2003) Isolation of new actinomycete strains for the
screening of new bioactive compounds. J Gen Applied Microbiol 49: 141-154.
» CrossRef  » PubMed  » Google Scholar

30. Thangadurai N, Srinivasulu S, Jonathan MP, Rao NR, Kumar RS (2005) Pre-
Tsunami chemistry of sediments along the inner continental shelf off, Ennore,
Chennai, southeast coast of India. Indian Journal of Marine Sciences 34: 274-
278. » CrossRef  » PubMed  » Google Scholar

31. Watve MG, Tickoo R, Jog MM, Bhole BD (2001) How many antibiotics are
produced by the genus Streptomyces? Arch Microbiol 176: 386-390. » CrossRef

» PubMed  » Google Scholar

32. Zarandi ME, Bonjar GHS, Dehkaei FP, Moosavi SAA, Farokhi PR, et al. (2009)
Biological Control of Rice Blast (Magnaporthe oryzae) by use of Streptomyces
sindeneusis isolate 263 in Greenhouse. American Journal of Applied Sciences
6: 194-199. » CrossRef  » PubMed  » Google Scholar

http://www.springerlink.com/content/cv47136494775233/
http://www.ncbi.nlm.nih.gov/pubmed/19688382
http://scholar.google.co.in/scholar?hl=en&q=Chitinolytic+activity+of+cold+tolerant+antagonistic+species+of+Streptomyces+isolated+from+glacial+sites+of+Indian+Himalaya.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://pubs.acs.org/doi/abs/10.1021/np068054v
http://www.ncbi.nlm.nih.gov/pubmed/17309302
http://scholar.google.co.in/scholar?hl=en&q=Natural+products+as+sources+of+new+drugs+over+the+last+25+years.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://docsdrive.com/pdfs/medwelljournals/rjbsci/2009/1085-1091.pdf
http://scholar.google.co.in/scholar?hl=en&q=A+Streptomyces+sindenensis+strain+LS1-128+exhibiting+broad+spectrum+antimicrobial+activity.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://journals.indexcopernicus.com/abstracted.php?icid=903690
http://scholar.google.co.in/scholar?hl=en&q=Diversity+of+antidermatophytic+Streptomyces+in+the+coastal+region+of+Chennai%2C+Tamil+Nadu%2C+India.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.jstor.org/pss/4299341
http://scholar.google.co.in/scholar?hl=en&q=Shoreline+changes+and+near+shore+processes+along+Ennore+Coast%2C+East+Coast+of+South+India.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4J4HH55-7&_user=10&_coverDate=08%2F25%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b8f70ad45194c769ea55924687e9956e
http://www.ncbi.nlm.nih.gov/pubmed/16442714
http://scholar.google.co.in/scholar?hl=en&q=Air+quality+monitoring+in+Chennai%2C+India%2C+in+the+summer+of+2005.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Isolation+and+Characterization+of+marine+antagonistic+Actinomycetes+from+West+coast+of+India.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://mbe.oxfordjournals.org/cgi/reprint/4/4/406?view=long&pmid=3447015
http://www.ncbi.nlm.nih.gov/pubmed/3447015
http://scholar.google.co.in/scholar?hl=en&q=The+neighbor-joining+method%3A+a+new+method+for+reconstructing+phylogenetic+trees.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://ijs.sgmjournals.org/cgi/content/abstract/16/3/313
http://scholar.google.co.in/scholar?hl=en&q=Methods+for+characterization+of+Streptomyces+species.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www3.interscience.wiley.com/journal/118898538/abstract
http://www.ncbi.nlm.nih.gov/pubmed/14510836
http://scholar.google.co.in/scholar?hl=en&q=New+primers+for+the+class+Actinobacteria%3A+application+to+marine+and+terrestrial+environments.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7RN8-4VWJ1YX-1&_user=10&_coverDate=06%2F30%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1228800298&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8e7c6b6a804d16f4fbe386c4877bbf35
http://scholar.google.co.in/scholar?hl=en&q=Hemolytic+activity+of+Streptomyces+VITSDK1+spp.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.dbpia.co.kr/view/ar_view.asp?arid=791246
http://scholar.google.co.in/scholar?hl=en&q=Biological+Control+of+Sclerotinia+sclerotiorum+using+indigenous+Chitinolytic+Actinomycetes+in+Jordan.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.jstage.jst.go.jp/article/jgam/49/3/49_141/_article
http://www.ncbi.nlm.nih.gov/pubmed/12949697
http://scholar.google.co.in/scholar?hl=en&q=Isolation+of+new+actinomycete+strains+for+the+screening+of+new+bioactive+compounds.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://nopr.niscair.res.in/handle/123456789/1562
http://scholar.google.co.in/scholar?hl=en&q=Thangadurai+N%2C++%282005%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.springerlink.com/content/huxgxj675ke4b7gh/
http://www.ncbi.nlm.nih.gov/pubmed/11702082
http://scholar.google.co.in/scholar?hl=en&q=How+many+antibiotics+are+produced+by+the+genus+Streptomyces%3F+Arch+Microbiol+176%3A+386-390.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0c
http://www.doaj.org/doaj?func=abstract&id=422751
http://scholar.google.co.in/scholar?hl=en&q=Biological+Control+of+Rice+Blast+%28Magnaporthe+oryzae%29+by+use+of+Streptomyces+sindeneusis+isolate+263+in+Greenhouse.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0

	Title

	Authors

	Affiliations

	Corresponding author
	Dates

	Citation
	Copyright

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Location and sample collection
	Isolation of actinobacteria
	Screening for antibacterial and antifungal activity
	Chitinolytic activity
	Polyphasic taxonomy
	16S rDNA secondary structure and restriction sites analysis

	Results and Discussion
	Acknowledgment
	Tables

	Table 1

	Table 2


	Figures

	Figure 1

	Figure 2

	Figure 3

	Figure 4


	References



