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ABSTRACT

The study aimed at determining the in vitro anthaligal activity of alkaliphilic and halotolerant @gimomycetes
isolated from a mangrove ecosystem and identifoatif a potent strain. Twenty five isolates oframtiycetes were
isolated from the sediment samples of Valapattamangrove swamp in Kerala, India. Antimicrobial adi of
four selected actinomycete isolates was determagedhst bacterial and fungal pathogens of nosocourigin by
agar well diffusion method. Molecular characteripat of the potent isolate was performed by 16S rDNA
sequencing. Isolate no I-1 significantly inhibit8thphylococcus auredsTCC 25923 (12 mmy. aureug15+0.05
mm),S. citreus(2040.5 mm),Bacillus cereug17+0.2 mm) anderratia marcescer§$2 mm). It also demonstrated
effective antifungal action againBenicilliumsp. (1240.2 mm)Candida albican§20+0.5 mm),C. parapsilosig12
mm) andCryptococcus neoformand2 mm). Morphological study revealed that all tlselated actinomycetes
belonged to the genutreptomycesBased on 16S rDNA sequence data, the selectkdeidel was shown to be
closely related tdStreptomyces xiamenensiEhe results revealed that the mangrove ecosyefevfalapattanam
harboured a rich consortium of many potent actinoetgs, which could synthesize novel bioactive comge of
pharmacological significance.
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INTRODUCTION sea floor, estuaries and lagoons, salt marsh and
intertidal zones, coral reefs and mangrove
Due to emergence of multidrug-resistant strains cfwamps.
bacteria and fungi, especially those causing/langrove forests consist of woody trees and
nosocomial infections, there is an ever-increasinghrubs that plentifully thrive in the saline
demand for novel antibiotics with broad sediments of tropical and subtropical coastline.
antimicrobial spectra. Actinomycetes constitute ®due to the presence of high salinity, high
diverse group of microorganisms that are widelfemperature, extreme tides, high sedimentation
distributed in terrestrial, freshwater and marineand high evaporation the muddy anaerobic
habitats (Radhika et al. 2011). Compared tanangrove sediment differs from the terrestrial one
terrestrial actinomycetes, very few studies haven terms of the microbial diversity (Giri et al.
been conducted on marine actinomycetes. Maring011). The mangrove ecosystem remains largely
ecosystem constitutes oceans, the deep sea and tinexplored, and therefore offers excellent
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opportunity for finding rare actinomycetes withto settle and then serial dilutions of the spore
unique properties, capable of producing manpuspension were prepared up to*.1Brom each
novel bioactive compounds such as antibioticgfilution, 0.1 mL was spread evenly over the
enzymes and antitumor  agents. Raresurface of starch casein nitrate (SCN) agar plates
actinomycetes are considered as the strains whogipplemented with cycloheximide 5@ mL™)
isolation frequency by conventional methods iswith sterile L-shaped glass rod and incubated at
much lower than that of commonly occurring28°C for 10 days (Kuster and Williams 1964).
actinomycete strair(®daikpatil and Rathod 2011). Dilutions that yielded 30-300 colonies were
Among the actinomycetes, species ofchosen for further study. Actinomycete isolates
Streptomycesonstitute second highest percentagevere purified by streak-plate technique and the
after Nocardia in terms of distribution in the pure cultures were maintained on SCN agar slants
mangrove ecosystem (George et al. 2012). Thest 4°C for further use.

are prolific producers of secondary metabolites

and about 80% of total antibiotics are producedPreliminary screening of actinomycetes for
from the species oBtreptomyceg¢Sathiyaseelan antagonistic activity

and Stella 2011). The test bacterial pathogens includgd aureus
The coastal states of peninsular India are line@TCC 25923, S. aureus,S. citreus, B. cereus,
with numerous mangrove forests. These habitafsscherichia coli, S. marcescens, Proteus
offer unique ecological niche supporting themirabilis, Pseudomonas aeruginosa, Salmonella
occurrence and interactions between many raf¥phi and Klebsiella pneumonia€The test fungal
microbial forms. Therefore, the present studypathogens includedspergillus niger, A. flavus,
aimed at determining thi vitro antimicrobial Penicillium sp, Fusariumsp., C. albicans, C.
activity of alkaliphilic and halotolerant parapsilosis, Trichophyton rubrum, Trichophyton
actinomycetes isolated from a mangrovenentagrophytesand Cryptococcusneoformans
ecosystem and identification of a potent strain of\ll these test bacterial and fungal pathogens were

actinomycete effective against the bacterial anfospital isolates obtained from the Kempegowda
fungal pathogens of nosocomial origin. Institute of Medical Sciences, Bangalore. For

screening of antibacterial activity, pure isolabés
actinomycetes were streaked at the centre of
MATERIALSAND METHODS sterile SCN agar plates and incubated at 28°C for
5 days. Broth cultures of the test bacterial
thogens were inoculated into molten Mueller
Inton agar and overlaid on SCN agar plates.

Coallection and processing of sediment samples
Seven samples of fresh sediments were collect
fSero,t,hil Vs?)pz;t;aggn&)m&ng}ggxﬁu?cgis;fiﬁmogllp\fter solidification, the plates were incubated at
Kerala, India during September 2011. Sedimen:i)'7 C for 24 h. Screening for the antifungal
-Hactwlty was performed by agar double layer
ethod using Sabouraud dextrose agar medium

an auger (down to 10 cm depth) after removin nd incubated at 27°C for 48 h. Antimicrobial

approximately 5.0 cm litter of fallen leaves near” . . .
Pb y activity was noted by observing the area of

the root system ofAvicennia marina.Samples ., .".° ; .

were stored in sterile zip-lock polythene packets',nh'b't'on surrounding the streaked actinomycete
transported to the laboratory and stored at 4°d§0|ate'

After the determination of pH values, the Sedimenlbroduction and extraction of antimicrobial

samples were air dried at room temperaturg, 4 i ritec

mixed thoroughly and sieved through a 2-MMrpe  gelected  actinomycete  isolates  were
pore size sieve (Retsch, Haan, Germany) Qgnaately inoculated into sterile SCN broth and
remove the large debris. The sieved samples Wefg. \hated at 28°C for 7 days in an orbital shaker
used for the isolation of actinomycetes. at 150 rpm. The broth cultures were filtered using
Whatman No. 1 filter paper and centrifuged at

Sieved sediment sample (1.0 g) was suspended ] go épm for 30_”']“'” at 4°Ct (I_iett'Ch Unlve;.saI”
100 mL sterile distilled water and incubated in a , Germany). The supernatants were aseplically

orbital shaker (Orbitek) at 28°C and 200 rpm for ransferre_zd to sterile tubes a_n_d partially_ purified
h (Boroujeni et al. 2012). Particles were allowe y adopting the method specified by Muiru et al.

I solation of actinomycetes
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(2007). The purified extracts were stored at 4°CExtraction of genomic DNA from the

for further assay. actinomycete isolate
o o _ _ The most potent actinomycete isolate was
Antimicrobial activity of actinomyceteisolates  inoculated in SCN broth and incubated at 28°C for

The antimicrobial activityof purified extracts 7 days in an orbital shaker at 130 rpm. Genomic
derived from the actinomycetes was determinehNA was extracted using the Fungal Genomic
against all the test bacterial and fungal pathogensnA Isolation Kit RKT 41/42 (Chromous Biotech

using agar well diffusion method. Test cultures ofyt, Ltd., Bangalore, India) according to the

the bacterial pathogens were prepared in Muellehanufacturer instructions and visualized using
Hinton broth and incubated at 37°C. The 24 h ol@).806 agarose gel (with ethidium bromide)

bacterial cultures were swabbed onto sterilelectrophoresis (Hamedani et al. 2012).

Mueller Hinton agar plates. Wells were punched

with a sterile cork borer (6 mm internal diameter)PCR amplification

and 35uL of the extract was added to each wellDNA amplification by polymerase chain reaction
Ampicillin and streptomycin (50 mg/mL) were (PCR) was performed in a total volume of |25
used as standard antibiotics for Gram positive anBach reaction mixture contained the following
Gram negative bacteria, respectively. Similarlysolutions: 1.5uL genomic DNA, 1.0uL 10 pmol
spore suspensions of the fungal pathogens weferward universal 16S rDNA primer (5-

prepared in Sabouraud dextrose broth. AfteAGAGTTTGATCCTGGCTCA-3’) (Sigma,
swabbing the sterile Sabouraud dextrose ag&fSA); 1.0 uL of 10 pmol reverse universal 16S
plates with the suspensions, @b of the extract rDNA primer (5'-

was added to each well. Fluconazole (20 mg/mLACGGCTACCTTGTTACGACT-3’) (Sigma,
was used as the standard antifungal. Th&/SA); 1.0uL of 30 mm deoxyribonucleoside 5'-
inoculated plates containing the extracts werériphosphate (N= A, T,G,C) (dNTP’s); 2,0 of
incubated first under refrigeration for 6 h for10X PCR buffer and 1L Taq polymerase (1 U)
diffusion of the extracts. The bacterial platesaver (Chromous Biotech Pvt. Ltd., Bangalore, India)
then incubated at 37°C for 24 h. The fungal plateand water was added up to gb. The thermal
were incubated at 27°C for 48 h. Followingcycler (MJ Research PTC 200, USA) was
incubation, diameters of the inhibitory zones werg@rogrammed as follows: 2 min initial denaturation
measured to the nearest millimetre and recorded.at 94°C, followed by 30 cycles that consisted of
denaturation for 1 min at 94°C, annealing for 30 s
Characterization of actinomycete isolates at 57°C and extension at 74°C for 1 min and a
The actinomycete isolates that exhibited effectivéinal extension of 5 min at 74°C. The PCR-
antimicrobial activities  were CharaCterizedamp"ﬁed product was detected by 1.2% agarose
morphologically by observing the spore chains ofje| (with ethidium bromide) electrophoresis and
the Gram stained smears of 10 days old coloniegse results were visualized under UV light using

The organisms were identified by observing thgyel documentation system (Herolabs, Germany)
structures and comparing with Bergey’s Manual(Hamedani et al. 2012).

of Determinative Bacteriology (Bergey and Holt
2000). Colour of aerial mycelia was determinedPartial 16S rDNA sequencing and analysis of
from the mature, sporulating aerial mycelia of thesequenced data
actinomycete colonies on SCN agar (Hamedani &athe partial 16S rDNA sequencing of the PCR-
al. 2012). Colour of the substrate mycelia (reversamplified product was performed at Chromous
of the plate) was also observed along witlBiotech Pvt. Ltd., Bangalore, India. The 16S
diffusible pigments, if any (Padmadhas andDNA sequence data was aligned manually with
Ragunathan 2010). Physiological characterizatiothe available nucleotide sequences retrieved from
such as the effect of pH (3.3-9.3), temperatur&lCBI database by using BLAST(Prapagdee et
tolerance (4-42°C), salt tolerance (0.1-10% whal. 2008). This nucleotide sequence was also
NaCl) and melanin production were analyzed. = submitted to GenBank database under an
accession number.
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RESULTSAND DISCUSSION reported the isolation of novel species of
actinomycetes from the mangrove habitats. In a
The rapid emergence and widespread occurreneeudy investigating the actinobacterial population
of multidrug-resistant strains of bacteria androm the Pitchavaram mangrove forests in Tamil
fungi, especially those causing nosocomiaNadu, India, maximum number of actinomycetes
infections, has threatened the treatment regimemere recovered from the rhizosphereédoimarina.
with conventional antibiotics. Several such casegbout 50% of the isolates revealed activity
are being reported worldwide (Ruscher et alagainstS. aureus, Bacillus subtilis, E. coli, Vibrio
2010). A recent study reported that nosocomiatholerae, K. pneumoniae, Proteus vulgaaisdS.
infections at the surgical sites were responsitie f typhi (Balagurunathan et al. 2010t could be
42.9% of the mortality cases in paediatric livingdeciphered from these findings that diverse
donor liver transplantation (Nafady-Hego et algroup of pharmacologically potent actinomycetes
2011). remained in close association with the roots of
Actinomycetes are ubiquitously prevalent diversehese plants, protecting them from the adverse
groups of prokaryotic microorganisms, which areenvironmental conditions and successfully
known to synthesize a wide range of bioactiv&eompeting with various soil borne pathogens
metabolites such as enzymes, antibioticsKumaresan and  Suryanarayanan  2001).
pigments, antitumor compounds andRavikumar et al. (2011) also studied the
immunosuppressive agenf¥alli et al. 2012). biodiversity of actinomycetes in the Manakkudi
They are specially recognized for their ability tomangrove ecosystem located in Tamil Nadu, India
synthesize various secondary metabolites, whicAnd found maximum population in the rhizospere
possess antibacterial, antifungal and antiprotozoabil.
activities (Ravikumar et al. 2011). Actinomycetes
are present in terrestrial, marine as well as fresAntibacterial activity of actinomycete isolates
water habitats (Boroujeni et al. 2012). They aré’reliminary screening of all the actinomycetes for
also found in brackish water and estuarin@ntagonistic activity against the pathogenic
ecosystems. bacteria and fungi revealed four isolates, which
Mangrove ecosystem consists of pneumatophoresiowed better antimicrobial spectra. These four
bearing woody plants, which grow in waterloggedsolates were designated as I-1, I-2, I-3 and I-4.
saline soil of intertidal coasts in the tropicadan The secondary metabolites produced by these four
subtropical zones. They mainly occur along thesolates were extracted and partially purified. The
coastline at the confluence of rivers and sea. Th&ntimicrobial activity of these four isolates is
ecosystem produces large amounts of detritugresented in Table 1. Among the test bacteia,
(organic matter) due to the autolysis and microbiatitreus was maximally inhibited by I-1 (20+0.5
decomposition of fallen leaves, twigs, flowers andnm) and 1-2 (14+0.05 mm), wheredS, aureus
fruits. Abundance of these organic mattersyas inhibited by-3 (16+0.5 mm) and -4 (16+0.2
salinity and high degree of moisture contenimm), respectively. Interestingly, among the four
favour the prevalence of actinobacterialactinomycete isolates, I-1 inhibited most of the
population and other life forms in the mangroveGram positive and Gram negative test bacteria,
ecosystem (Nag et al. 2012). These alkaliphilisvhich indicated its broad antibacterial spectra.
actinomycetes are naturally capable of producinghis was in agreement with that of another recent
different plant fibre hydrolyzing enzymes andstudy wherein only five actinomycetes among a
secondary metabolit¢Esujibo et al. 2003). total of 107 marine isolates inhibit& subtilis S.
aureus, Proteus vulgaris, E. coli, Klebsiella
Isolation of actinomycetes from mangrove aerogenes and P. aeruginosa (Gulve and
sediment Deshmukh 2012). An earlier study revealed that
All' the sediment samples were collected posEnterococcus sp.,  multidrug-resistant P.
monsoon in order to obtain a diverse population oferuginosa and methicillin-resistantS. aureus
actinomycetes. The sediment samples showed plvere the predominant bacterial pathogens causing
values ranging from 6.5 to 8.3. Twenty five nosocomial infections in liver transplantation
isolates of actinomycetes were recovered from thgatients (Nafady-Hego et al. 2011). In the present
sediment samples collected from the rhizospherstudy, the streptomycete isolate I-1 inhibit8d
of A. marina. Some previous studies haveaureusATCC 25923 with a zone of 12 mm, even
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though no inhibition was recorded with ampicillin. bacteria than the Gram negative pathogens, with
Overall, the antagonistic effect of I-1 against thezone diameters ranging between 8-20 mm. The
Gram positive bacteria was significantly highergreater degree of resistance exhibited by the Gram
than that of Gram negative bacteria. On the otheregative bacteria might be due to the presence of
hand, extracts from the 1-2, I-3 and I-4 showedn outer membrane consisting of
higher inhibition against the Gram positivelipopolysaccharidéParunago et al. 2007).

Table 1 - Antibacterial activity of selected actinomycetel&es against bacterial pathogens showing diasefer
inhibitory zones (in mm) by agar well diffusion rhed.

Bacterial Pathogens -1 -2 -3 -4 Antibiotic
S. aureu ATCC 2592 12+0.C 8+0.C 10+0.( 11+0.5 2
S. aureu 15+0.0¢ 10+0.1 16+0.5 16+0.2 43+0.
S. citreu 20+0.5 14+0.0¢ 12+0.0¢ 10+0.( 43+0."
B. cereu 17+0.2 810.C 15+0.¢ 10+0.( 10+0.F
E. coli 10+0.( 8+0.C 8+0.C 8+0.C 13+0.7
S. marcesce! 12+0.( 10+0.1 10+0.( 8+0.( 13+0.C
P. mirabilis 10+0.( 10+0.( 10+0.( 10+0.1 13+0.C
P. aeruginos 11+0.01 10+0.5 8+0.C 8+0.( 16+0.27
S. typh ) 10+0.0¢ 8+0.C 8+0.C 8+0.C 15+0.2
K. pneumonia 10+0.0: 8+0.C 8+0.C 8+0.(C 18+0.7

": values are mean + standard deviation (n&3)mpicillin; 5. streptomycin; -: no zone.

A total of 55 actinomycetes comprising of Antifungal activity of actinomyceteisolates
Actinomyces Nocardig  Streptomyces and Extract from the isolate [-1 also exhibited
Micromonospora were isolated from the soil antifungal activity against all the test fungal
sample of Karanjal region in Sundarbangathogens as illustrated in Table 2. Molds such as
(Arifuzzaman etal. 2010). Among these, 20 A. niger, A. flavus, Penicilliump and Fusarium
actinomycete isolates showed antibacterial activitgp. were inhibited with zones ranging between 8-
against the Gram negative bacteria such a2 mm. Some important systemic fungal
Shigella boydii S. flexneri S. sonnei pathogens affecting the humans &realbicansC.
Pseudomonasp, S. dysenteriae type-1lVibrio neoformansand A. fumigatus,some of these
cholerae S. typhj PlesiomonasHafniasp. andE.  causing nosocomial infections in the patients
coli. Their study revealed that three isolatesluring the postoperative months (Oskay 2009;
exhibited broad spectrum antibacterial activity. ANafady-Hego et al. 2011). Among the pathogenic
previous study reported the isolation of 42yeasts,C. albicanswas inhibited by I-1 (20+0.5
actinomycetes from the mangrove sediments ahm). The extract of I-1 was equally effective
Andaman and Nicobar Islands, India, amonggainst C. parapsilosis and C. neoformans
which 22 species showed antagonistic activitietsolates I-2 and I-4 also demonstrated maximum
againstS. aureus, B. subtilis, S. typhind K. activity against C. albicans but I-3 revealed
pneumoniae (Baskaran et al. 2011). Another highest inhibition against. neoformansExtracts
investigation revealed the isolation of anof the isolates I-2, I-3 and I-4 either demonsttate
actinomycete from the mangrove forest soil oimoderate to weak, or no antagonistic activity
Guangxi Beihai, China, with designated strain noagainst the other fungi.

BH0954, which was 99% related &ireptomyces The antifungal activity of a rare actinomycete has
sindenensis This isolate inhibitedS. aureus, S. been reported recentffylangamuri et al. 2012).
epidermidis, E. colandP. vulgaris with no effect This actinomycete strain, isolated from the
againstP. aeruginosaandC. albicangDalin et al. mangrove sediments of Nizampatnam, India, was
2010). A recent study also reported the isolation dound closely related to Pseudonocardia
Streptomycessp. from the Coringa mangrove endophyticaandinhibited A. niger, F. oxysporum
forest, Andhra Pradesh, India, whose metabolitand C. albicans. The present results were in
was inhibitory toS. aureus, P. fluorescens, P.accordance with those of a previous study, which
aeruginosa, Lactobacillus acidophilus, L. casei, Creported the antifungal activity of selected stain
albicans, Streptococcus mutans, B. subtilis, Bof Streptomycessp. againstC. albicans with
megateriumand Xanthomonasp. (Deepthi et al. inhibitory zones ranging between 10-20 mm
2012). (Oskay 2009).
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Table 2 - Antifungal activity of selected actinomycete isektagainst fungal pathogens showing diameters of
inhibitory zones (in mm) by agar well diffusion rhet.

Fungal Pathogens -1 -2 -3 -4 Fluconazole
A. nigel 10+0.C 9+0.C 9+0.0¢ 7+0.C 17+0.C
A. flavue 8+0.C 7+0.C 7+0.C - 18+0.(
Penicilliumsg. 12+0.2 10+0.( 7+0.C 810.C 21+0.5
Fusariumsp 10+0.( 8+0.C 9+0.C 7+0.C -

C. albican: 20+0.k 12+0.0¢ 9+0.C 12+0.0¢ 10+0.0¢
C. parapsilosi 12+0.( 11+0.0: 8+0.C 9+0.C 37+1.(
T. rubrun 8+0.C 8+0.C 7+0.0¢ - 19+0.0¢
T. mentagrophyt 9+0.1 - - 7+0.C 18+0.0¢
C. neoforman 12+0.0¢ 8+0.C 11+0.( 740.C 2240.(

": values are mean * standard deviation (n=3); zame.

Characterization of actinomyceteisolates difference. The dark brown hue of the substrate
The morphological characterization of themycelium as exhibited by the actinomycete isolate
actinomycete isolates was performed based on thé indicated its ability to produce unique pigment
study of colony characters and observation chnd/or any secondary metabolite. This observation
Gram stained smears. On SCN agar, all theould be correlated to the fact that among all the
actinomycetes produced dry, compact, chalk-likenangrove isolates, the isolate I-1 revealed the
colonies, similar to those of gen@reptomyces highest antagonistic activity against the
The colonies on SCN agar showed hues of whiteyosocomial pathogens. Gram stained smears
cream, grey, pale brown, dark brown, yellow, tanrevealed the presence of filamentous structures
pink and purple shades. The four selected strairftmearing the spores in verticillate and spiral
had white to grey aerial mycelia, whereas tharrangements. The morphological characters of the
colour of their substrate mycelia showed distincactinomycete isolates are shown in Table 3.

Table 3 - Morphological characterization of selected actinoatg isolates.

Characteristics -1 -2 -3 -4
Colour of aerial myceliul Grey Pale yellov Light grey Dark grey
Colour of substrate mycelit Dark browr Yellow Dark purple Dark Gre\
Gram'’s reactio Positive Positive Positive Positive
Spore chai Spirale: Spirale: Spirale: Spirale:

The selected actinomycete isolates exhibitedable 4 - Physiological characterization of selected
optimum growth within the mesophilic range ofactinomycete isolates.

25-37°C. Interestingly, all the selected isolatescharacteristics _ -1 12 13 14
grew well at pH ranging from 5.3 to 9.3 but Growth a 245‘Fc + o+ o+ 1
optimum growth was observed between pH 7.3- 30°C + o+ o+ o+
9.3. Furthermore, they were also tolerant to 0.1- 37°C + o+ + o+
5% NaCl but failed to grow at 10% salt _ . o 4§°,_C ST
concentration. This could probably be due to the 4.3 + -+ o+
hypertonic medium wherein the isolates would 5.2 + o+ o+ o+
have suffered from severe osmotic shock. On par 6.2 rooF
with the present findings, a marine strain ®f ;: LT T
rochei, isolated from Visakhapatnam coast in 9.7 + o+ o+ o+
India, was reported to be tolerant to pH 10.5 and@rowth at NaCl (% 0.1 + o+ o+ o+
6% NaCl (Reddy et al. 2011). From these 0.t + o+ o+ 4

; : : 1 + + + +
observations, it was clearly evident that mangrove 3 + o+ o+ 1
actinomycetes were generally alkaliphilic and 5 o+ o+ o+
halotolerant. Furthermore, the isolates I-1, I-8 an 10 - - - -
I-4 also demonstrated melanin production. TheVelanin productio LA .

physiological characters of four selected isolate POSitive: - negative.

are presented in Table 4.
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Recently, molecular methods have beerBangalore; Dr. N. Sundararajan, Vice-Chancellor
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species. They are preferred over the convention&hantamani, Chief Mentor, Jain Group of
methods because they yield faster and accuratestitutions and Dr. SSundara Rajan, Director of
results. 16S rDNA sequencing is one of theGenohelix Biolabs, A Division of Centre for
molecular methods that has revolutionized thé\dvanced Studies in Biosciences, Jain University,
bacterial systemics and classification. Based ofor their encouraging support. We express our
the results of antimicrobial assay, the most potertieartfelt thanks to Mrs. K. Prashanthi for her
alkaliphilic and halotolerant actinomycete isolateassistance in molecular characterization.

I-1 was subjected to molecular characterization.

PCR amplification of its 16S rDNA gene sequence

showed an amplicon of around 1500 bps. Th&EFERENCES

automated sequencing of this PCR-amplified

roduct was caied ou. The seguence data WK . i s o
QE Xg?ll'lrI]yre\?ggreeddth;: thl(\al(i:follatgalﬁb\?vzes cIL:)SS!Q%/ antibacterial activity Afr J Biotechnal 2010; 9(29):

. . . 4615-4619.
related toS. xiamenensisCCC 1A01550 with Balagurunathan R, Masilamani Selvam M, Kathiresan

96% ho_mology. F_’reV|ou'st, many a_lnt|m|crob|al K. Bioprospecting of mangrove rhizosphere
metabolite-producing actinomycetes isolated from actinomycetes from Pitchavaram with  special
marine sediments were identified asS. reference to antibacterial activityPharm Res2010;
roseoverticillatus, S. roseorubeasd S. septatus  3(5): 909-911.

(Valan Arasu et al. 2012). The nucleotideBaskaran R, Vijayakumar R, Mohan PM. Enrichment
sequence of the isolate I-1, designated Sas method for the isolation of bioactive actinomycetes
xiamenensisGHBA11, was provided a GenBank from mangrove sediments of Andaman Islands, India.
accession number JX827497. Most of the MalJMicrobiol. 2011;7(1): 26-32.
morphological, cultural and  physiological 2€'98Y DH, Holt ~JG. Bergey's ~Manual of

h t f the isolate I-1 . tDeterminative Bacteriology. 9th ed. Philadelphia:
characters o e isolate I-1 were in agreemen Lippincott Williams and Wilkins; 2000.

with that Qf a rare actinomycets.. xiamenensis Boroujeni ME, Das A, Prashanthi K, Suryan S,
sp. nov., isolated from the sediment of national ghattacharya S. Enzymatic screening and random
mangrove reserve in Fujian Province, China (Xu amplified polymorphic DNA fingerprinting of soil
et al. 2009). They reported its uniqueness in streptomycetes isolated from Wayanad district in
having a very high DNA G+C content of 71.6 Kerala, IndiaJ Biol Sci.2012; 12(1): 43-50.

mol%. To the best of our knowledge, this is theDalin H, Guifeng Y, Yajuan X, Naixiang L, Jianhong

first report illustrating the antibacterial and C. Jiang lianxiu L, Senzhou C. lIsolation and
antifungal activity ofS. xiamenensis. identification ofActinomycetesp. BH0954 from the

mangrove forest soil of Guangxi Beih&hin Agric
Sci Bull.2010; 26(18): 406-409.

CONCLUSIONS Deepthi MK, Sudhakar MS, Devamma MN. Isolation
and screening ofStreptomycessp. from Coringa

Mangrove ecosystem harbours many rare Mangrove soils for enzyme production and
9 y y antimicrobial activity.Int J PharmaceuChem Biol

actinomycetes with interesting physiological Sci 2012: 2(1): 110-116

properties. It is suggested that these uniquenstraiGeorge M. Anj.umol A .George G. Hatha AAM.

of mangrove actinomycetes be further studied in pisyipytion and bioactive potential of soil

search for some broad-spectrum, novel antibiotics, actinomycetes from different ecological habitaé:

which could be effective in the treatment of J Microbiol Res2012; 6(10): 2265-2271.

nosocomial infections. Giri C, Ochieng E, Tieszen LL, Zhu Z, Singh A,
Loveland T, Masek J, Duke N. Status and distrityutio
of mangrove forests of the world using earth
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