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ABSTRACT

Marine Streptomyces sp.VITBRKS isolated from tlignsent sample collectedat the Marakkanamcoasttémtan
the Southeast coastal region of Bay of Bengal,aindhe ethyl acetate extract was prepared from dhkure
supernatant of Streptomyces sp.VITBRK3.The antidMR®mpound was purified by silica gel column
chromatography and HPLC. The purified compound idastified by usingH and**C NMR spectral data. The
anti-MRSA compound was compared with the referammapounds available in the mass spectra library of
National Institute for Standards and TechnologySNL.The anti-MRSA activity was carried out accogdia the
National Committee for Clinical Laboratory Standar@NCCLS) guidelines. Analysis of spectral datailtes in
identification of anti-MRSA compound as 2,4-dicbiérsulfamoyl benzoic acid. The anti-MRSA actiatythe
purified compound showed the Mi®alue ranged from 0.8to 4.00 ug/mL against the I8tkiggoccal strains. The
results of the study suggest that Streptomyce$™PRK3 is the potential source for the anti-MRSApound.

Keywords: Streptomycesp.VITBRK3,anti-MRSA activity, 4-dichloro-5-sulfangbbenzoic acid.

INTRODUCTION

Microbial pathogens exhibiting multi drug resistanis emerging as a serious problem in health caotos
worldwide. The improper usage of antibiotics in tauns is responsible for developing drug resistarnyggathogenic
microbes. Microorganisms acquire resistance towaotsmon antibiotics by altering their metabolisnd @y@netic
structure[1,2]. There is an incessant need to fiogel efficient drug molecules against multi drugsistant
microbes.Staphylococcus aureus a virulent pathogen that is responsible foraous infectious disease including
sore throat, pneumonia, osteomyelitis, endocardtimples and bacteremi&. aureushas been reported to be
resistant towards methicillin and vancomycin[3]. BiRwas first reported in Britain, 1961 and idewrtifias one of
the important organism causing nosocomial infecfién Due to the development of drug resistanc&.raureus
treatment of this bacterial infection has becomegoss problem[5]. Recently, new antimicrobial atgefike
daptomycin, linezolid and streptogramin combinafipinupristin/dalfopristin) are useful to treat
MRSA[6,7].However, due to certain defects and depelent of drug resistance, emphasizes the neethdoe
antimicrobial agents having potential activity agaiGram positive bacteria[8].

Natural products are boundless source for importamtel compounds having antagonistic activity aghin
pathogenic organisms. Marine environment coverosiii0% of the earth surface[9]. Organisms pregettiese
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environments are extremely rich source for bio&cttompounds[10,11]. The ocean remains as an uriglo
source for many drugs and pharmacologically activestances[12].

Actinomycetes are potential provider of bioactivampounds with wide range of biological activitiéhey are
gram positive, filamentous bacteria known for thediility to produce numerous antibiotics till d41e3]. Among
them, Streptomycesire the richest source for bioactive compounds reeatly 80% of the known antibiotics are
derived fromStreptomycespecies [14]. Therefore, it is important to finavel remedies from various niches which
is less explored or unexplored.The aim of the stweyg to test the anti-MRSA activity of the compowndracted
from Streptomycesp.VITBRK3 isolated from marine sediment sample.

MATERIALSAND METHODS

I solation and characterization of actinomycetesisolate

The isolateStreptomycesp.VITBRK3 (GU223624) was isolated from marine seehit sample collectedat the
Marakkanamcoast of Bay of Bengal, India. The celtof the isolate was maintaned on Actinomyceteatsuh
Agar medium contained (g/L): sodium caseinate £-Asparagine — 0.10; sodium propionate — 4P&, — 0.50;
MgSQO,.7H,O — 0.10; FeS©7H,O — 0.001; agar — 15; pH - 7.2. The spore chainpimapgy of the isolate was
determined by scanning electron microscopic anglfiditachi, 3KV, 10 um). The genomic DNA was iselhusing
QlAamp DNA Mini Kit (Qiagen) and subjected to PCRnglification using a set of primers (Forward (5'-
CGCGGCCTATCAGCTTGTTG-3") and Reverse (5'-CCG TACTIIAGGCGGG G-3') [15]. The amplified
DNA was purified using NucleoSpirPCR clean-up Gel extraction kit (MACHEREY-NAGEL ®h & Co. KG).
The 16S rDNA gene sequencing was carried out ferphrified DNA and the obtained 16S rDNA nucleotide
sequence was sequenced using ABI3730xl sequenpeli¢d Biosystems), subjected to BLAST search. ugage
similarity was estimated using Clustal W softwat6][ The phylogenetic tree was constructed by nEgh-joining
method using Tree view version software [17].

Extraction and purification

The isolateStreptomycesp. VITBRK3 was grown under submerged culture il 88 flasks containing 50 mL of
the production medium containing (g/L): Casein enzyhydrolysate - 5, Yeast extract - 3, pH 7.2. Thiure was
grown for 3 days at 30°C in rotary shaker at 158.rphen inoculum (2 mL) was transferred to productinedium
(1 L) and incubated for 5 days at 30°C. The isolsie subjected to large scale fermentation withl tadlume being
20 L at 30°C for 5 days in rotary shaker of 150 rdrhen the culture broth was centrifuged at 10,080 for
15mins and the supernatant was extracted usingd eglueme of ethyl acetate (1:1 v/v). It was concated using
vacuum rotary evaporator and stored at 4°C [12¢ @thyl acetate (EA) extract (1.2 g) was dissolved.5 mL
methanol and loaded on the silica gel column (60-I@esh silica gel, SRL, India) after filtration.
Chloroform/methanol mixture (10:0, 9.5:0.5, 9:15:8.5, 8:2, 7.5:2.5 and 7:3 v/v) was used as stdvand 10 mL
fractions were collected at a flow rate of 1 mL/nAilhthe fractions were concentrated using a ro&rgporator and
screened for anti-MRSA activity. Those fractionsowkd anti-MRSA activity were pooled, concentrated a
lyophilized using a freeze dryer. It was redissdlue methanol, filtered through a 0.4k filter (Ranbaxy, India)
and subjected to preparative HPLC purification.

Purification of the active fraction was carried astng preparative HPLC system (HP 1090 Liquid @tatngraph)
with Nucleosil-100 C-18 column (125 mm x 3.0 mnu ) connected to a diode array detector (DAD) aadtion
collector. Phosphoric acid and acetonitrile wereduas mobile phase. The sample (5 pL) was injediedhe
column and the flow rate was maintained at the cde85 mL/min. The fractions obtained were contiasly
monitored at the wavelength 210, 230, 260, 280, 360, 435, 500 nm. All fractions were screenedaftti-MRSA
activity and the active fraction was subjectedpgectral studies.

Structure elucidation

Fourier transform infra-red spectr oscopy

The KBr pellet (13 mm) prepared using the pure coumgl was used to obtain the FTIR spectra (Shimdzu
affinity-1 FTIR spectrometer, Japan) in the scagniange of 400-4000 crnat a resolution of 4 crh

GC-M Sanalysis
The purified compound was analyzed by using GCBI&00 Perkin Elmer (Singapore) equipped with dteEl
5MS fused silica capillary column (30 x 0.25 mm.2®um). An electron ionization system with ioni@nergy of

245
Scholar Research Library



Benita Mercy Rgjan and Krishnan Kannabiran Der Pharmacia Lettre, 2015, 7 (6): 244-252

70 eV was used. GC oven was held for 3 min at 1@f€Cthen ramped from 108'C to 270°C at 10°C/matallrun
time was 40 min, InjA auto was 260°C apR volume and split 10:1. Helium was used as thei@agas with a
flow of 25 mL/min and the mass conditions includeadvent delay 2 min, transfer and source tempezat80°C
and scan from 50 to 600 Da. The identification fed tompound was based on 90% similarity betweerMBe
spectra of the unknown compound and reference conggoavailable in the MS spectra library of NISTatidnal
Institute for Standards and Technology).

Nuclear magnetic resonance spectr oscopy

TheH and™C NMR spectra were recorded for the isolated peditompound (UNITY-500, Varian, Switzerland,
500 MHz) using GDsOS as the solvent. The structure of the anti-MR8/mound extracted froi8treptomycesp.
VITBRK3 was established with the help of spectraadobtained from spectroscopic analysis. The 2irttre of
the compound was obtained using Chem3D Draw Utifiavare (Version 10) [18].

M Csg value

MICsq value of the pure compound was determined by ldidtition method recommended by National Committee
of Clinical Laboratory Standards (NCCLS) guidelind&&ancomycinstock solution was prepared and taken a
positive control. The pure compound was preparedisgolving in DMSO to make a concentration of 03—

50 pg/mL [19]. The anti-MRSAactivity of the compalinvas analyzed using bacterial straBsphylococcus
aureugATCC 29213) andtaphylococcus auredTCC 25923).

RESULTSAND DISCUSSION

I solation, identification and characterization of Streptomycesp.VITBRK3

The screening of actinomycetes isolated from sedliment sample collected atMarakkanam coast, Thmdu,
India for anti-MRSA activity yielded a potentialoiste namedStreptomycesp. VITBRK3. The spore chain
morphology of the isolate was determined by SEMhais The aerial mycelium of the isolate with kched
hyphae, bearing non-motile spores with smooth serfsas observed under electron microscope (FiBa%gd on
the molecular taxonomy and phylogeny the isolats wiantified to be belonged to the gergtseptomycesind
designated aStreptomycesp.VITBRKS (Fig. 2). The 16S rDNA nucleotide segoe was submitted to GenBank,
NCBI with the accession ID (GU223624).

£

S3400 20'0kV 9.7mgn x5.00k SE

Fig. 1. SEM image of Streptomyces sp. VITBRK3
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Streptomyces sp. HP2 (GQE6T022)

—_— Streptomyces sp. SCY 830 (GUO45333)

H Streptomyces coelicolor sk18 (GUOT3926)

Strepromyces coelicofiaves UUSF-6280(AB548687)
—  Streptomyces sp. JLIMS (GQ357940)

Straptomyces viridis NBCE (GQ268026)
—  Srepromyeces sp. PP14 (GQ374176)

——  Streproryces sp. FXTA.195 (GUOD2097T)

Streptormiyces sp.(FMB9E652)

——  Streptomiyces fungicidicus (AB184329)

— Strepromyces sp PN-18(GQEIG644)

L Steptomyces rochei A-1(GQ392038)

Streptonnyces sp. 35034(GU263851)
3§
54 Streptomyces flaveolus WBRUC 3408(AB184764)
Soepromyces sp. VITBRK3 (GU223624)

Fig. 2. Thetaxonomic position of the Streptomyces sp. VI TBRK 3 shown using neighbour -joining method based on Tree view version
softwar e. Bootstrap values are presented at the nodes of thetree

Purification and structure elucidation

The isolate was cultured in a shaker flasks udiegproduction medium and incubated at 30° C, fa fiays under
constant shaking (150 rpm). The EA extract (1.2vgy injected to column chromatography and elutegvete
with chloroform-methanol as the eluent. Thirty tians were collected and screened for anti-MRSAviygt The
active fraction was purified by preparative HPLG.&Bkctions were collected and fractions showed-&IRSA
activity againstStaphylococcus aure()TCC 29213) andstaphylococcus aurey@&TCC 25923) were identified.
There were three fractions, one major fraction) (With the retention time of 5.4 min found to haaeti-MRSA
activity. Two other fractions (I and II), with retéon time of 10.05 and 16.1 min, respectivelyravalso identified
but they did not show any activity against teste®3A pathogens. The chromatogram pattern of praparaPLC
is presented in Fig.3. Active fractions were cdkelc concentrated and lyophilized for further cloteezation.The
structure of the compound was established witthédp of spectral data obtained using FTIR,and**CNMR and
GCMS.
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rSample 1 (dissolved in 1T ml MeOH)

DAD1 A, Sig=210,10 Ref=off (VIT\001-0201.0)

DAD1 B. Sig=230.10 Ref=off (VIT\001-0201.D)
DAD1 C. Sig=260.20 Ref=off (VIT\0O01-0201.D)
DAD1 ¥ 3= 360.40 Ref=off (VIT\OO1-0201(
DAD1 H, Sig=500,40 Ref=off (VIT\001-0201.0D)
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Fig. 3. The HPL C-DAD chromatogram of ethyl acetate extract of Streptomyces sp.VITBRK 3. @) 2,4-dichlor o-5-sulfamoyl benzoic acid, b)

Unknown metabolite and ¢) Unknown metabolite
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Fig. 4. FTIR spectrum of the purified compound from Streptomyces sp. VITBRK 3

Fourier transform infrared spectr oscopy

FTIR spectra of the purified compound showed peaksesponding to standard library spectra (Fig.The peak
observed at 3429.43¢htorresponds to NH stretching frequency.The pealenled at 3280.92 chrorresponds to
OH stretching frequency. A broad peak at 1786.08™ indicates C=0O stretching and a peak at 1579.7¢ cm-
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corresponds to aromatic C=C stretching. A peak mieskeat 3103.48 cmhindicates CH stretching. There were two
peaks at 1357.89 chto 765.74cnt corresponding to S=O sulfone stretch and C-Clldikjide stretching.

Gas chromatogr aphy-mass spectrometry
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Fig. 5.GC-M S spectrum of the purified compound from Streptomyces sp. VITBRK 3

The GC-MS spectra obtained for the extracted comgorig. 5) was matching with 2,4-dichloro-5-sulfayh
benzoic acid with a molecular weight of 270 using NIST library.

Nuclear magnetic resonance spectr oscopy

The 'H-NMR spectrumd, (500 MHz, DMSO, MgSi) 11 (1H,s, OH) 2 (2H,s,NHi 8.1 (1H, CH) 8.8 (1H, CH) is
demonstrated in Fig. 6. TRE-NMR spectrundc(500 MHz, DMSO) 125, 130.2, 130.6, 137, 138,139 464 ppm

is given in Fig. 7. Based on the spectral datactmapound was identified as 2,4-dichloro-5-sulfathimnzoic acid

(DSBA)with themolecular formula of £sC,NO,S. The 2D structure of the purified compound (Figuas
modelled using Chem3D Ultra software (version 10).
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Fig. 6."H NMR spectrun for the purified compound from Streptomyces sp. VITBRKS
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Fig. 7.3C NMR spectrum of the purified compound from Streptomyces sp. VITBRK 3

O O
"N S//

// OH

O

Cl Cl

Fig. 8. Structure of the purified compound from Streptomyces sp. VI TBRK 3predicted based on based on the NMR spectrum (Chem3D
Draw Ultra softwar e-Version 10)

M1 Csyvalue of thelead compound

The MICso values of anti-MRSA activity of the purified comypud are given in Table 1. 2,4-dichloro-5-sulfamoyl
benzoic acid showed Mkgvalues of 4.0 + 0.5 pg/mL, againStaphylococcus aure(STCC 29213) and 0.8 +
0.14pg/mliStaphylococcus aureyTCC 25923).Methicillin was used as the positiamtrol.
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Table 1. MICsvalues of 2,4-dichloro-5-sulfamoyl benzoic acid isolated from Streptomyces sp.VITBRK 3

Strains Methicillin 2dichloro-5-ulfamoyl
benzoic acid
Mig (ng/mL)
Staphylococcus aure8TCC 29213) 6.0+0.31 4.0+0.5
Staphylococcus aureTCC 25923) 2.0+0.22 1.8+0.14

In the present study we report the extraction,fijpation and identification of anti-MRSAcompoundajichloro-5-
sulfamoyl benzoic acid frorStreptomycesp. VITBRK3, isolated from a marine sediment saripEBAisolated
from Streptomycessp. VITBRK3 demonstrated strong antagonistic dégtivagainst methicillian resistant
Staphylococcus aure(STCC 29213) Staphylococcus aureyTCC 25923). On the other hand, to our knowledge,
this is the first report on isolation of 2,4-dichdeb-sulfamoyl benzoic acid from marinBtreptomycessp.
VITBRKS. Microbes are playing a great role in theansion of drug development. Several biomolecinethe
pharmaceutical product development are producedibsobes. Actinomycetes have produced several Hiecates
as secondary metabolites and have been used asléwdrugs” till date [20]Streptomycesontribute around 80%
of the antibiotics available in the market [21]mtication of novel antagonistic molecule(s) issded for MRSA
due to emerging resistance [22] Previous guidelivse recommended the use of vancomycin in the gesnent
of severe MRSA infection [23].

CONCLUSION

The significant anti-MRSA activityexhibited by tltempound 4-dichloro-5-sulfamoyl benzoic acid exeddrom
Streptomycesp. VITBRKS further confirmed thabtreptomyceserves as a novel source for new antibiotics and
also suggest th&treptomycea=san be explored further for newer antibiotics.
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