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ABSTRACT

The aim of the present study was to evaluate the antagonistic activity of marine Sreptomyces sp. VITBRK1 against
Methicillin resistance Staphylococcus aures (MRSA) and vancomycin-resistant Enterococci (VRE). Drug resistance
by Bacterial pathogens do exhibit significant tolerance to standard antimicrobials during infections and drug
resistance currently a growing problem worldwide. A total of 137 actinomycetes isolated from marine sediments
were screened for antibacterial activity against ATCC MRSA and VRE strains. Twenty two isolates exhibited
antagonistic activity against standard ATCC strains. The potential isolate which showed activity against drug
resistant pathogens was characterized by molecular taxonomic approach and identified as Streptomyces and
designated as Streptomyces sp. VITBRK1. The isolate showed significant antibacterial activity against MRSA
strains with the zone of inhibition of 24 mm against Staphylococcus aureus (ATCC 29213), 21 mm against
Staphyl ococcus aur eus (25923), 21 mm against Staphylococcus aureus (700699) and 13 mm against Saphylococcus
aureus (U2A 2150). It also showed antibacterial activity against VRE strains, 25 mm zone of inhibition against
Enterococcus faecalis (ATCC 29212), 19 mm against Enterococcus faecium (BM4107), 24 mm against
Enterococcus faecium (BM4147) and 23 mm against VRE clinical isolate. HPLC-DAD analysis showed the
presence of indolo compounds along with two unknown metabolites. The observed activity of Streptomyces sp.
VITBRK1 may be due to the presence of compounds in the isolate. The results of this study suggest that secondary
metabolites produced by Streptomyces sp. VITBRK1 could be used against MRSA and VRE strains.
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INTRODUCTION

Antibiotic resistance caused by methicillin-resistalaphylococcus aureus (MRSA), penicillin-resistant
Streptococcus pneumoniae, vancomycin-resistanEnterococcus [1] and Mycobacterium tuberculosis [2] poses
continuous threat to human health world wide. MRSA& major pathogen associated with both nosocdraita
community-acquired hospital infections [3]. ManytbEse organisms have developed resistance toatelasses
of established antibiotics [1,2]. In recent yedms widespread use antibiotics led to the emergstiaes that have
systematically acquired multiple resistance gedA¢sSaphylococcus aureus strains (59.5 %) causing infections in
hospitals were belonged to MRSA worldwide [5]. Eotmcci are another group of clinically relevantltiple drug
resistant bacteria that has emerged recently, ssmdiich also exhibit vancomycin resistance. Thpegpance of
vancomycin resistarfEnterococci (VRE) infections has shown great challenge to theedre workers. Llinezolid
and streptogramin combinations are the new drughoice for treating MRSA infections, but linezoliesistance
have been reported in VRE and MRSA isolates [6hekblid, daptomycin, and tigecycline are almosversally
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active against MRSA AND VRE [7]. But both MRSA aN@RE have already demonstrated the capacity to evolv
resistance to linezolid and daptomycin [8].

Natural products are novel potential chemical $tmes possessing antimicrobial activity. At ledsee of every
four current antibacterial agents are related imes@vay to natural products. The filamentous baatefithe order
Actinomycetales (actinomycetes) produced more than 9000 biololyieadtive molecules out of which more than 60
pharmaceutical agents have widely used in the fi€lchedicine [8]. The genuSireptomyces was classified under
the family Streptomyceteae, which includes Gram-positive aerobic members ofdfder Actinomycetales and sub
order Sretomycineae within the new classActinobacteria and have a DNA G-C content of 69178 mol%.
Streptomyces are aprolific source of secondary metabolitgiglded many antibiotics; more than 80% antibiotics
available in the market are fro8treptomyces, including, streptomycin, neomycin, tetracyclimelahloramphenicol

[9].
MATERIALSAND METHODS

Sample collection and isolation of actinomycetes

Marine sediment samples were collected from Cher@waildalore and Marakkanam coasts of the Bay ofyBleat

a depth of 400 cm. The sediment samples were drikninar air flow for 8-12 h and then kept at @¢Xor 10-30
days in a sterile Petri dish and these preheateaplsa were used for the isolation of actinomycefBse
International Streptomyces Project (ISP) No. | ragdtarch casein agar and Bennett's agar with 2&&8onsater,
25% soil extract was used for the isolation of remtiycetes and the growth media was supplemented wit
antibiotics, cycloheximide (25 mg/ml) and nalidixézid (25 mg/ ml) (Himedia, Mumbai, India). Plategre
incubated at 28 °C for 7-18 days. All the mediaeverepared with varying salt concentrations (3,8, 12, 15, 18
and 21% [w/v]) to isolate the halophilic actinomie® The isolates were sub cultured and maintaineslant
culture at 4 °C as well as at 20% (v/v) glycerolcgtat -80 °C [10].

Bacterial strains

Gram positive bacterial MRSA strair@aphylococcus aureus (ATCC 29213), Saphylococcus aureus (ATCC
25923),Saphylococcus aureus (ATCC 700699) an@®aphylococcus aureus (U2A 2150) were chosen for this study.
VRE bacterial straingznterococcus faecalis (ATCC 29212) ancdEnterococcus faecium (BM4107) were obtained
from ATCC culture collection centre. The drug rémig strainsEnterococcus faecium (BM4147Van A) were
obtained from Institut Pasteur; Paris and the stY&RE is a clinical isolate. The drug resistancefifg of the VRE
clinical isolate was tested against a spectrumtandard antibiotics and confirmed in accordancen viL Sl
guidelines (2007).

Screening for antibiotic production

Antibacterial activity of the potential strain wasudied by agar plate diffusion assay, 10ul of tedl free
supernatant was applied to filter disks (6mm immbger) [11]. Inhibition zones were expressed asdtars and
measured after incubation at 37°C for 24h. All $kgen ATCC strains and one drug resistant pathogens used
for the screening of antibacterial activity. Infhoe of the various culture media on the antibaaitg@dtential of the
isolate was studied by cylinder plug method usiBB L supplemented with sea water collected atatmpkng site,
Marine agar, Actinomycetes isolation agar, Staatem agar (Himedia, Mumbai, India).

Characterization and identification of the potential isolate

The morphological, cultural, physiological and Wiemical characterization of the isolate was cared as
described in ISP [12]. The morphology of the splearing hyphae with the entire spore chain withdhbestrate
and aerial mycelium of the strain was examined igltimicroscope (1000x magnification) as well aarsting
electron microscope (Hitachi, S-3400N). Media usede those recommended in the International Streytes
Project (ISP)[13]. Mycelium was observed after imation at 28 °C for 2 weeks and colours were atterchined.
Carbohydrate utilization was determined by growthcarbon utilization medium (ISP 9) [14] suppleneshtvith
1% carbon sources at 28 °C. Temperature rangeréovtly was determined on inorganic salts starch egzdium
(ISP 4) using a temperature gradient incubator.rblydis of starch and milk were evaluated by ugimg glucose
starch agar and skim milk agar respectively. Radncof nitrate and production of melanin pigmentreve
determined by the method of ISP [15]. All cultuchbracteristics were recorded after 14 days.
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Optimization of nutritional and cultural conditions

In order to optimise the nutritional and culturahditions and to identify the suitable media foowth, the strain
was inoculated in different culture media (SCA, ISRSP 3, ISP 4, ISP 5, ISP 6, ISP 7, modified rigdts agar,
sucrose/nitrate agar, and nutrient agar) and toathr was investigated. The effect of cultural coiodis like
different incubation temperatures (15, 25, 37 arid °®), different pH (5.0, 6.0, 7.4 and 9.0) and NaC
concentrations (2, 5, 7, 9 and 12%) on the grovitthe isolate was also studied. The carbon andgein sources
required were also studied by inoculating the islanto mineral salt agar with different sugarsstituted to starch
(D-glucose, sucrose, starch, D-xylose, D-galactosafose, L-arabinose, fructose, lactose, and ghjeorganic
nitrogen sources like peptone, yeast extract, naged inorganic sources like ammonium sulphate, amnium
nitrate and urea. The concentrations of carboncesuand carbon utilization tests were done as itbescearlier
[16,17]. After incubation the dry weight of the ngjyitm was measured and correlated with the grovitthe
isolate. Based on the growth of the isolate inedéht media the cultural conditions were optimized.

Fermentation and extraction of secondary metabolites

Spores at 10ml of the strain were used to inoculate 1000me&meyer flasks containing 200 ml of ISP 1 broth
supplemented with 1% (w/v) of glucose and magnesidfter incubation at 30C for 24 h in an orbital incubator
shaker at 200 rpm, this pre-culture was used toulabe (5% v/v) a total volume of 15 L culture medihaving the
same composition as the pre-culture. After six ddyiacubation the culture broth was filtered tpaete mycelium
and supernatant, the mycelium was lyophilized,aeted with acetone and concentrated on a rotagyoeator. The
supernatant was extracted twice with equal volurmheetbyl acetate and the combined organic layersewer
evaporated to obtain the ethyl acetate extract€kipact). The brown gum obtained from the extraas wissolved

in 100ml methanol/cyclohexane (v/v).

HPLC-DAD analysis of the EA extract

A total volume of 15 litters of the culture brottagvcentrifuged in batches for 15 min at 10000 rpohtae cell free
supernatant was extracted with equal volume ofl etbgtate. The solvent fraction was collected araperated to
dryness in vaccum and re-suspended in 1ml of eth@he solvent was allowed to evaporate and thelueswas
lyophilised. A pungent smelling brown gummy substamvas obtained. The EA extract was subjected tbGHP
DAD screening (University of Tubingen, Germany).eTHPLC-DAD chromatographic system consisted of & H
1090M liquid chromatograph equipped with a diodexadetector and HP Kayak XM 600 ChemStation (Adile
Technologies). Multiple wavelength monitoring waerfprmed at 210, 230, 260, 280, 310, 360, 435 a@tdrén.
The UV-visible spectrum was measured from 200 t0 6. Sample () was injected onto an HPLC column
(125 X 4.6 mm, guard column 20 - 4.6 mm) filledhwiNucleosil-100 C-18 (5 m). Separation was perfatrog a
linear gradient using 0.1% orthophosphoric acid@gent A and acetonitrile as solvent B. The gnatieas from 0
to 100% solvent B in 15 min at a flow rate of 2mmil. Limitations of the method are as follows, patampounds
cannot be separated because of non-retention lmelan the reversed-phase column. These compotioesfsont
elution. Only compounds having a UV active chrommehcan be detected. Sugar type compounds (e.g.
aminoglycosides) or peptides containing aliphatiéreo acids cannot be detected by this method.

RESULTS

I solation and screening of actinomycetesfor antibacterial activity

A total of 137 isolates were isolated from the seatit samples collected at three different samiteg. Out of 96
isolates from samples collected from Chennai 1laiss were found to have antibacterial activity, ofu38 isolates
from Cuddalore samples 2 were found to be activkan3 isolates from Marakannam sample was aniagorto

wide range of bacterial pathogens. The organisnthwpiroduces white powdery and dried colonies susgddo be
actinomycetes were sub cultured on ISP-1 agar seithwater. Microscopic identification was carriedl to confirm

the isolates as actinomycetes before screenin@irtibacterial activity. All the three screening heads, cross
streak, cylinder plate and agar diffusion methodbleyed were found to be effective in detecting laadterial

activity. The potential isolate (VITBRK1) which shed antagonistic activity against methicillin resis

Staphylococcus aureus (MRAS) and vancomycin resistalahter ococci (VRE) was chosen for further studies.

Antibacterial activity

The culture supernatant (filtrate) of the isoldtewsed significant antibacterial activity against BiR strains with
the zone of inhibition of 24 mm againStaphylococcus aureus (ATCC 29213), 21 mm again&aphylococcus
aureus (25923), 21 mm again&aphylococcus aureus (700699) and 13 mm againSiaphyl ococcus aureus (U2A
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2150) (Fig. 1 A). It also showed antibacterial @tyi against VRE strains, 25 mm zone of inhibitiagainst
Enterococcus faecalis (ATCC 29212), 19 mm againsEnterococcus faecium (BM4107), 24 mm against
Enterococcus faecium (BM4147) and 23 mm against VRE clinical isolateg(Fi B).

Phenotypic characterization of theisolate

The isolate was grown on oat meal agar medium B)SReast extract malt extract agar (ISP 2), aruddanic salt
starch agar (ISP 4). It was observed that the raatporulating aerial mycelium was greyish white.

B

A

Fig.1. Antibacterial activity of culture supernatant of Streptomycessp. VITBRK1. A) MRSA strains (a-d clockwise) B) VRE strains
(a-c clockwise & d clinical isolate).

Reverse side and melanin pigments were absent-Spirales spore chain morphology was observedrwomtiEal
microscope at 1000X magnification (Fig. 2. A) Amdaoth spore surface morphology was observed urcdemgng
electron microscopic (SEM) analysis (Fig. 2).

Fig.2. Scanning electron microscopic image of Streptomycessp.VITBRK 1. Thebar represents5 pm.

Cultural, physiological and biochemical characterization

The growth of the isolate was maximal in ISP1 medsupplemented with sea water and its growth waslbg
maximal in actinomycetes isolation agar also. Tinairs showed maximum growth when cultivated at terafure
28°C; pH 7.4, with sea water 25%.The strain assit@dl arabinose, xylose, inositol, mannitol, fruetasucrose and
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raffinose, however the strain did not utilize rharsa (Table 3). The strain utilized 0.1% of L-aspare, L-
phenylalanine, L-histidine and L-hydroxyprolonerdasogen source. The strain was halophylic in ratisterated
Na Cl concentrations between 2% to 12%. The sshowedp-haemolysis on blood agar containing 5% sheep
blood. Based on the results of physiological, béaltal and cultural characterization as well ascimia the keys
given for classification of 458 species of actin@etgs included in International StreptomyceteseRtahe isolate
was identified astreptomyces and designated &reptomyces sp.VITBRK1.

I dentification of compounds by HPLC-DAD analysis
HPLC-DAD analysis of the EA extract ditreptomyces sp. VITBRK3 is shown in Fig 3.The peaks of the
chromatogram was matched with the reference contbblMzVisible spectrum.
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Fig. 3. The HPL C-DAD chromatogram of ethyl acetate extract of Streptomycessp. VITBRK 1

The peaks in the chromatogram having the same $ibM spectrum and retention time with that of th&erence
compound was identified and named. In the UV-Visibpectrum three peaks observed were correspontie to
unknown metabolite (Fig. 4 A) (5.4 min), indolo cpaunds (Fig. 4 B) (10.5, 10.3 and 11.4 min) anduthlenown
metabolite (Fig. 4 C) (16.1 min).
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Fig. 4. The HPL C-DAD chromatogram of ethyl acetate extract of Streptomycessp. VITBRK1 A) Peak at 5.4 min represents unknown
metabolite B) Peak at10.05 min correspondsto indolo compounds and C) Peak at 16.1 min represents unknown metabolite

DISCUSSION

The potential isolat&reptomyces sp.VITBRK1 having antagonistic activity against gimesistant MRSA and VRE
strains was isolated from marine sediment sampilected at the Marakkanam coast of Bay of Benigalia. The
culture supernatant of the isolate showed sigmifieatibacterial activity against drug resistaanstard MRSA and
VRE strains. Fractionation of EA extract by HPLC DAesulted in identification of indolo compoundsrag with

two unknown metabolites. Indolo compounds have Isbemvn to have significant antibacterial activigamst drug
resistant Gram positive and Gram negativebactpatilogens.

One new alkaloid, 3-((6-methylpyrazin-2-yl) meth{i-indole obtained from the deep-sea actinomycete
Serinicoccus profundi sp. nov. has been shown 83g8s antibactarial activi§aureus [18]. Indole-3-carboxylic
acid extracted from actinomyceferocarpospora sp. strain, FIRDI 001 exhibited significant antibexial activity
against a group of Gram-positiv@aphylococcus aureus subspaureus (BCRC 10451), an@acillus subtilis subsp.
subtilis (BCRC-10255), Gram-negativé&seudomonas aeruginosa (BCRC-11633),Klebsiellapneumoniae subsp.
pneumoniae (BCRC-16082) andescherichia coli (BCRC-11634) [19]. Chlorinated bisindole pyrrolestracted
from a novel marine actinomycete, NPS12745 has Iskemwn to possess broad-spectrum activity agaiost b
Gram-positive and Gram-negative organisms [20].eAvrindole alkaloid, streptomycindole have been astad
from Streptomyces sp. DA22, associated with South China Sea sp@ngsiella australiensis [21].

Actinomycetes strain designated as BT-408 produgiolyketide antibiotic SBR-22 having antibactergativity
(20mm) against methicillin resistarftaphylococcus aureus [22]. It was reported that an active compound,
laidlomycin obtained fromSreptomyces sp. CS684 showing antibacterial activity againstthicdin resistant
Staphylococcus aureus (MRSA) and vancomycin resistaBhterococci (VRE) strain [23]. Neocitreamicins | and I,
novel antibiotics with activity against methiciliiesistant Saphylococcus aureus and vancomycin-resistant
Enterococci have been reported fravocardia [24]. Ethyl acetate extract obtained from the asel exhibited
significant inhibition against standard bacteriathgens, as well as multidrug resistant clinisaldte. In a recent
report a compound, 2-(2',4-Dibromophenoxy)-4,6+dimophenol isolated from the marine spongsidea
granulosa (Bergquist) collected at the coast of Lakshadwestgnds, Indian Ocean, exhibited potent and broad
spectrumin-vitro antibacterial activity, especially against methiicilresistantSaphylococcus aureus (MRSA),

methicillin sensitive Saphylococcus aureus (MSSA), vancomycin resistanEnterococci (VRE), vancomycin
sensitiveEnterococci (VSE) andBacillus spp.[25].
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CONCLUSION

The results of this study showed ttaiteptomyces sp. VITBRK1 is potential actinomycetes isolate dapaof
producing indolo antibacterial compounds capablaatihg against drug resistant MRSA and VRE strains
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