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ABSTRACT

In the present study an attempt was made to evaluate the antimicrobial potential of culture filtrate of Streptomyces
sp. VITBT7 and biologically synthesized silver nanoparticles using the culture filtrate of VITBT7. Actinomycetes
isolates obtained from soil samples were screened for antimicrobial activity against selected fungal and bacterial
pathogens by well diffusion method. The potential isolate was identified by molecular taxonomic characterization.
The culture filtrate of the potential isolate was assessed for the synthesis of silver nanoparticles. The synthesized
silver nanoparticles were characterized for surface plasma resonance (SPR) peak, shape and size distribution by
TEM analysis. Out of 240 actinomycetes colonies recovered, 19 isolates showed mild to moderate antimicrobial
activity and one potential isolate showed broad spectrum of activity against tested microbial pathogens with higher
zone of inhibition against Pseudomonas aeruginosa and Aspergillus niger. The isolate was identified to be belonged
to the genus Streptomyces and designated as Streptomyces sp. VITBT7 (accession number JX188053). The culture
filtrate synthesized silver naoparticles (AgNPs) within 24 h. The biologically synthesized AgNPs showed SPR peak
at 420 nm and were found to be spherical in shape with the size range of 20-70 nm. Synthesized AgNPs also
exhibited antimicrobial activity against fungal and bacterial pathogens. Synthesized AgNPs by Streptomyces sp.
VITBTY7 could be used effectively to control fungal and bacterial pathogens. The secondary metabolites produced by
Streptomyces sp. VITBT7 could be responsible for observed antimicrobial activity.

Keywords. Streptomyces sp. VITBT7, silver nanopatrticles, fungal pathogebacterial pathogens, antimicrobial
activity.

INTRODUCTION

Infectious diseases caused by human systemic patbagre life threatening and cause leading heatthigms in
the developing countries [1]. Repeated use of aotédrial drugs had resulted in the developmentesistance
against them. In particular, multiple drugs resistais one of the major problem and new bioactivamounds are
required to overcome this multi drug resistance fjtifungal drugs available in the market are vinyited but
there is a steady increase in variations amongrtynmistic mycotic infectionsA. niger is one of the most common
causes of mycosis in humans. The occurrence ofivwaaspergillosis was increasing in immuno comjgsech
patients in the recent fast. Reports on the dragtant isolates ofspergillus species due to repeated exposure to
antifungals have emerged in recent years [3].

Antibiotic resistance is a complex, continually kéog problem which is often difficult to put intperspective [4].
The resistance problem is due to increased usetii@tic and the presence resistance gene in theohial strains.
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Hence there is a need for development of new dthgt act on new targets and those that block essist
mechanisms [5]. Bacteria use several mechanisrbgdome antibiotic-resistant which include inaciiwatof the
antibiotic, efflux pumping of the antibiotic, mouti&tion of the antibiotic target, alteration of tpathway [§.
Multidrug resistance occurs due to accumulatiomaftiple resistance genes typically on plasmids alsd due to
the increased expression of genes that code fdidmugd efflux pumps, extruding a wide range of ds{ig].

Secondary metabolites from actinomycetes exhib#méndous novelty. Actinomycetes are Gram-positive
filamentous spore formers with high G+C (>55%) emttof DNA. They are free living saprophytic bacter
forming a major group of soil populatioActinobacteria are widely distributed in terrestrial and aquatiogy/stems,
especially in soil, where they decompose complextumngés of polymers in dead plant. They also playnnale in
recycling of organic matter [8]. Around 23,000 hitiee secondary metabolites produced by microosgasihave
been reported and actinomycetes alone produce A@0these compounds. Many of these secondary it
are potent antibiotics, which has madeeptomycetes the primary antibiotic-producing organisms explditey the
pharmaceutical industry [9]. It is estimated thabat two-thirds of naturally occurring antibioticave been isolated
and majority of the antibiotics have been isoldtech the genuStreptomyces[10, 11]. Other industrially important
bioactive compounds frortreptomyces includes anti-tumor agents [12], novel thiol-artiants [13], immune
enhancer§l4], immune suppressive agents [15], enzyme itdibi[16] etc. Potential antibacterial and antifaing
activity of marineStreptomyces species has widely been reported. Simil&heptomyces species isolated from soil
samples have also been reported to contain vabiomlsgical activities. They play crucial role indoiegradation by
recycling nutrients associated with recalcitranypmrs such as keratin, lignocelluloses and chitifi. Hence, un-
exploited habitats are promising source for nowtinamycetes and for discovery of novel bioactiwenpounds.
Considering the rise of resistant pathogens thit current antimicrobial therapeutic options, thecessity to
explore the unexplored areas in a ecofriendly, safd manner to isolate and to identify potent campg is very
crucial. In the present study, the antimicrobiatemtial of culture filtrates and synthesized namtiples of
Streptomyces sp. VITBT7 was studied against medically importamgal and bacterial pathogens.

MATERIALSAND METHODS

Sample collection and isolation of actinomycetes

Soil samples were collected at 5 different locaianith varying soil texture. Over layered soil wasnoved using
sterile spoon and samples were collected in statiliock bags at 15cm depth as reported earligl. Rretreatment
was done to target selective isolation, one setaofiples were kept at 45°C, 2 days while the oth&hbwas air
dried at 28°C for a week [19]. Soil sample (10 gsammixed with 100 ml of sterile distilled water (10ratio) was
kept in the orbital shaker overnight for thorougixing [20]. About 0.1ml of each dilution was spdeplated over
actinomycetes isolation agar (AlA) (Himedia, Mumbé#ndia) and incubated at 28°C for 7 days. Colonies
recognizechased on their colony morphology were selectivaly-sultured on starch casein agar and, Kuster's aga
[21]. The growth media supplemented with antib®taycloheximide (25ug/ml), and nalidixic acid (2mg/ml)
(Himedia, India) to avoid bacterial contaminatiordancubated at 28°C for 7 days [22]. The isolats\stored as
slant cultures at 4°C and 20% (v/v) glycerol stoalkse stored at -80°C for future use.

Bacterial and fungal pathogens

Gram positive bacterial pathogens suchSagphylococcus aureus (MTCC 739), Klebsiella pneumonia (ATCC

700603) and Gram negative pathogdPseudomonas aeruginosa (MTCC 424) Bacillus cerus (MTCC 1168) and
E.cali (ATCC 25922)were used. Fungal pathogeAspergillus niger (MTCC 1344) Candida albicans (MTCC

227),Aspergillus fumigates (MTCC 3002), anddspergillus flavus (MTCC 1973) were used for the study.

Screening for antibacterial activity

Screening for antibacterial and antifungal activitsgs carried out by well diffusion method. Well gro matured
pure colonies were selected for screening antirhiatoactivity. For bacteria, the turbidity of susgeon was
adjusted to 0.5 Mac-farelands standards in 0.83#esd.awn culture was spread using sterile swislls (8 mm

diameter, 2 cm apart) were bored on Muller HintaqaA(Hi-media) plate [23]. The fungal cultures weraintained
in 0.2% dextrose medium and the optical density adjgsted to 0.10 at 530 nm using spectrophotonaetédawn
culture was spread over sabaurauds dextrose agha fizd]. Cell free culture supernatant was otsdifrom the
isolate by filtering the culture broth through Wimain no-1 filter paper. Cell-free supernatant (jt)Gvas carefully
loaded into each well and pre-incubated at 4°Chfaf an hour to facilitate uniform diffusion intbeé agar. The
plates were incubated at 37°C for 24 h. Presenaghdfition zones surrounding each well evidencetinasicrobial
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and antifungal activity. Their activity was evaledtby measuring the inhibition zones diameter itimeters. Each
experiment was repeated three times and the meahibftory zones was recorded.

M olecular taxonomic characterization of theisolate

Macroscopic observations including morphologicalltwral, physiological and biochemical charactditma was
carried out as per International Streptomyces Brg@)&P) protocol [25]. Diffused pigmentations weesorded on
(ISP-3), Oat meal agar [26]. Inorganic salt staaghr (ISP 4) and Glycerol asparagine agar base5)|8Fre tested.
The reverse side pigments of the colony, distirectiv), non distinctive (-) was tested using peptpeast extract
iron agar (ISP 6) [27]. Melanoid pigments werdddson ISP 1 and ISP 7. Direct examination of spareder oil
immersion (100x), spore bearing hyphae, spore chaith their branching pattern were observed undght li
microscope. Spore surface morphology was obsermddruScanning Electron Microscope (Hitachi, S-340[28,
29].

In order to optimize cultural conditions and hatvesximal yield of secondary metabolites, differergdia ISP-1
to ISP-7, ISP-9, SCA, AIA, MHA, and NA were testeds per International Streptomyces project
recommendations, the ability of the isolate toizgilcarbon sources 1% (w/v) D-glucose, D-mannifieictose,
xylose, sucrose, raffinose, inositol, D-galactaa®binose and rhamnose as its sole source wegsl testcarbon
utilization agar (ISP) supplemented with 1% carboorces. Nitrogen utilization was tested with leecihistidine,
tryptophan, serine, glutamic acid, lysine, arginingethionine, and tyrosine. The other biochemiesits like
utilization of citrate, urease production, mannitaobtility, indole, MR, VP, and triple sugar ion tesvere carried
out. Salt concentration was optimized by suppleingntarying concentrations of NaCl (0, 6, 10, 15 #%%),
similarly varying temperature (15, 28, 37, and @8l pH (4, 6, 7, 8, and 9) were recorded on ISiedia [30].

The DNA was isolated by HiPurA bacterlaNA isolation and purification kit (Himedia, Indi@nd the 16S rDNA
was amplified by PCR using a master mix kit, MedoigNedox, India) as per manufacturer’s instructiomeT
primers and the PCR procedures were followed asrteg earlier [31]Sequencing was carried out bi-directionally
using dideoxy chain termination method [32, 33].eTdimilarity and homology of thel6 S rRNA partiadng
sequence was analyzed with the similar existinguseces available in the data bank of National Cefde
Biotechnology Information (NCBI) using BLAST searchhe DNA sequences were aligned and phylogenete t
was constructed by neighbour joining method usihg@IW software [34]. A bootstrap analysis of 10@flicates
was carried out.

Synthesis of silver nanoparticles

The isolateStreptomyces sp. VITBT7 was inoculated into 800 ml of ISP1 lroulture, incubated at 28°C for 7 days
under shake flask condition. The broth was theerid through Whatman no-1 filter paper. AgNOMM) 95 ml
was added to 5 ml of cell free supernatant obtafred Sreptomyces sp VITBT7 in a 250 ml conical flask at room
temperature. The flask was incubated in an orlsitaker at 200rpm in a dark condition [35]. It wasnitored
continuously for color change. Absorption spectrofrthe reaction mixture was measured between 20080
using a Schimadzu UV-spectrophotometer from timéne. Broth culture oftreptomyces sp VITBT&7 without
silver nanoparticle solution was included as a mdnfTransmission Electron Microscopic (TEM) anady®f
synthesized nanoparticles was carried out usingc@QLJJEM 2100 High Resolution Transmission Electron
Microscope, operating at 200kV to measure the shapksize of silver nanoparticles.

RESULTS

The actinomycete isolat&reptomyces sp. VITBT7 was screened for antifungal and antdxdal activity on
Sabaurauds Dextrose Agar (SDA) and Muller HintoraAgMHA) respectively. The cell free supernatantttod
isolate exhibited antimicrobial activity againsttth@ram negative and Gram positive bacterial pathsgThe cell
free supernatant showed fungicidal activity withe tinhibition zone of 20 mm again#. niger followed byA.

fumigates 18 mm,A. flavus 17 mm andC. albicans 15 mm zone of inhibition. The cell free supernatso showed
bactericidal activity with the inhibition zone o7 3nm againsP. aeruginosa, 25 mm againsK. pneumonia, 23 mm
againste. coli, 23 mm againss. aureus and 19 mm againg&. cerus (Table 1).

The silver oxide/silver nanoparticles were synthediwithin 24 h of incubation evidenced by changpale yellow
color to brownish color indicating the reductionsiliver nitrate and formation of silver oxide/sitveanoparticles.
However no color change was observed in eithectiiere supernatant alone or silver nitrate corgsgieriments.
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The silver nanoparticles synthesized using the fce# supernatant showed selective inhibition duergal and
bacterial pathogens tested. AgNPs exhibited 22 2hdym zone of inhibition againgt niger and A. fumigates
respectively. Similarly it showed inhibitory actiyiagainstP. aeruginosa (40 mm) ands. aureus with the inhibition
zone of 40 and 28 mm respectively.

Table: 1 Antibacterial activity of Sreptomyces sp. VITBT7 against fungal and bacterial pathogens

Selected Pathogens Cell free cultur e super natant Silver nanoparticle synthesized mixture
Zone of inhibition (mm)
Fungus
Aspergillus fumigates (MTCC3002) 18 20
Aspergillus niger (MTCC1344) 20 22
Aspergillus flavus (MTCC1973) 17 -
Candida albicans (MTCC227) 15 -
Gram negative bacteria
Pseudomonas aeruginosa (MTCC 424) 37 40
Klebsiella pneumoniae (ATCC 700603) 25 -
E.coli (ATCC 25922) 23 -
Gram positive bacteria
Staphylococcus aureus (MTCC739) 26 28
Bacillus cerus (MTCC1168) 19 -

Macroscopic observations revealed dull white creaolpnies on ISP 1 media. No characteristic pigmeas
produced in ISP6, ISP 7, and ISP 9. Glycerol agpaeaagar base (ISP 5) showed cream powdery towhite
colonies. Optimal culturing conditions for the tergsolate was found to be temperature 28°C, 7,qa#ys8, and 10
% NaCl concentration (Table 2).

Enhanced growth was observed when D-Glucose, D-itehhand D-galactose were used as carbon souncdeiJ
optimized conditions, the isolat@reptomyces sp. VITBT7 produced abundant growth with matured colonies on
production media ISP 1. Observation under SEM amalgisplayed spores was spherical in shape, adamglong
chains and each chain contains 10-25 spores (Fight mature spores are 0.5-1.0 mm in diametettlzmdength

is between 0.8 and 1.0 mm.

83400 5.00kV x14.0k SE

Figure1: Streptomyces sp. VITBT7 observed under Scanning Electron Microscope (3400N Hitachi) showing matured smooth surfaced
spor e chains.

Phylogenetic analysis revealed that the organidiongs to genu&treptomyces anddesignated as Streotomyces sp.
VITBT7 (Fig.2) 16S rRNA partial gene sequence wasnsitted under the accession numbgi88053.

Silver nanopartilces synthesized was charactetizedV —visible spectrum, a stroraqnd broad peak was observed
at 420 nm, indicating the presence of silver oxi#r nanoparticles. The SPR bands of silver dgitler
nanoparticle solution remain close to 420 nm thhaug the reaction period (Fig. 3). The appearaf@&P®R peak at
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420 nm provides a convenient spectroscopic sigeafor the formation of silver nanoparticles. TEMabsis
measured AgNPs in the size range of 20-70 nm anelrigal in shape (Fig. 4).

Table: 2 Biochemical char acteristics of Streptomycessp. VITBT7

BIOCHEMICAL TESTS Streptomyces sp. VITBT7
Gran stain +++

Wet mount +

Aerial myceliun +++

Substrate mycelium +

Motility Non-motile

Spore +

Optimum incubation time 7 days

AIA Very Good

SCA Gooc

Diffused pigment test Pink pigment, Non-diffusible
Melanin production -

6% +_

10% ++

15% +

ISP1 broth Very Good, bead appearance, light broolor
Kusters broth Good, bead texture, light brown/oeapigment.
Starch casein nitrate broth  Good, light brown pigme
Nitreint broth Good, cream turbid.

Citrate ++

Urease ++

Mannitol +_

Triple sugar ion Alkaline slant and Butt, NO Gas
Indole -

H2S production -

MR and VP _

Catalas +

Oxidase -

Glucose _

Lactost +

Sucrose _

Fructose ++

Mannose _

Galactose +

Arabinose and Cellobiose -
Raffinose and Inositol -

15°C _
28°C +++
37°C +
45°C +

4 -

6 ++
7 +++
8 ++
9

Note: +++ Positive within two days ++ Positivein 7 days, + Positive in 10 days
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Figure 2: The phylogram of Streptomyces sp. VITBT7 compar ed to other Streptomyces species based on 16SrDNA sequences.
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Figure 3: UV-absor ption spectra of synthesized silver nanoparticles, (insert) Dark brown colour indicatesreduction of silver.

L

Figure 4: TEM image of silver nanoparticles (size 20-70 nm).
DISCUSSION

Streotomyces sp. VITBT7 isolated from under explored environmatisplayed significant antifungal and
antibacterial activity to harmful pathogens suggestt the isolate produces antagonistic bioactivmpound.
Actinomycetes, “the reservoir of secondary metaesland enzymes”, dominant and significant microbleabiting
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soil environment comprises about 50% of the uncaittie soil microbes. The immense source of novehbudites
and their therapeutic applications, specificallydasg lead molecules serves as a natural blue fmndeveloping
new drugs [36].Fungal drug resistance is a growing problem wordwiand search for new and effective
antifungals to overcome drug resistance is of atiirmportance [37]. Actinomycetes isolate produgiafyene type

of metabolite has been reported to be effectivénagpathogenic bacteria and fungi [38]. A poly#etantibiotic
extracted from&reptomyces sp. AP-123 have been shown to be very effectianatC. albicans and filamentous
fungi A. niger [39]. New triazole antifungal drugs and combinatibngs are underway to overcome invasive fungal
infections and emergence of resistance [40].

Pennicillin, Tetracycline, cephalosporins are intaot soil derived antibiotics. Vancomycin (isolaiadl956) from
actinomycete species found in Indian and Indonesaals, is very powerful and currently serves asltst line of
defense to treat bacterial infections [41]. Actinyoetes (C11 and C12) isolated from marine envirarirhas been
shown to be effective against group of bacterighpgens [42]. Marine actinobacteria isolated froaft pan
environment, SRB25 has been reported to be effeatiainst multidrug resistaftiaphyl ococcus aureus (MDRSA)
[43]. At present there has been considerable tastemowards novel strains and their compoundshasapeutic
agents to control bacterial and fungal pathogens

Over the past few decades, microbial assisted sgigtlof nanoparticles from noble metals such aersdontribute
in the development of many potential applicatioms different fields. They form clean, nontoxic, and
environmentally acceptable “green chemistry” [44Beveral reports are available on extracellujenthesis of
different nanoparticles b§treptomyces species [45-48]. Synthesis of silver nanopartiChegNPs) by extra cellular
components oftreptomyces albogriseolus and activity against bacterial food pathogenshees reported [49].

CONCLUSION

In this study,Streptomyces isolated from Brahmapuram, Vellore city, Tamilnadare evaluated for its potential
antimicrobial activity against infectious pathogeargl their ability to synthesize silver nanopaetcl The isolate
Streptomyces sp. VITBT7 can be exploited for isolation of bitige compound and bulk production of nanoparticles
using a green approach for future commercial appbos.
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