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ABSTRACT

Although thousands of antibiotics have been isolated from Streptomyces, these represent only a small part of the
repertoire of bioactive compounds so far produced. Therefore, isolation of new Streptomyces from natural resources
and characterization of their secondary metabolites is a valuable endeavor. Majority of the actinomycetes in soil
that are potential drug sources remain uncultivable, and therefore inaccessible for novel antibiotic discovery. Hence
there is need to rediscover new drugs active against these drug resistance pathogens. The main objective of the
present study was isolation, purification, and characterization of actinomycetes from soil samples, having
antimicrobial activity against Bacillus strains. Soil samples were taken from the bank of the Ulsoor lake, Bangalore,
India. These samples were serially diluted and plated on actinomycete isolation agar media. Potential colonieswere
screened, purified, and stored in glycerol stock. Isolates were morphologically and biochemically characterized.
Genomic DNA was extracted from the identified isolate, and analyzed using 16s rRNA sequencing. The sequence
analysis revealed of the strain to be Sreptomyces carpaticus. The culture isolate was grown in the production
medium and then isolated with the antibiotic compound. The compound isolated was tested for the antibacterial
activity using the tube method and Well plate method. The compound showed high potential of antibacterial activity
and the activity is dose dependent.
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INTRODUCTION

Soil microorganisms provide an excellent resourgettie isolation and identification of therapeuficamportant

products. Among them, actinomycetales are an impbrgroup[1l] The order actinomycetales is composked
approximately 80 genera, nearly all from terrebtsails, where they live primarily as saprophytester and

colonizing plants showing marked chemical and molgdical diversity, but from a distinct evolutioydime[2,3]

The actinomycetes are Gram positive bacteria haligly G+C (>55%) content in their DNA. Actinomyceteere
originally considered to be an intermediate groapeen bacteria and fungi but now are recognizeur@earyotic
organisms [4]. The majority of actinomycetes aeefliving, saprophytic bacteria found widely distriied in soil,
water and colonizing plants [5]. The actinomycetes noteworthy as antibiotic producers, makingafgearters of
all known products; th&treptomyces are especially prolific and can produce a greatyrantibiotics and other class
of biologically active secondary metabolites [6,They cover around 80% of total antibiotic produeith other
genera trailing numerically; Micromospora is thamar up with less than one-tenth as man$esptomyces [8]. If
we include secondary metabolites with biologicaivdties other than antimicrobial, actinomycetes atill out in
front, over 60%; Streptomyces spp. accounting @86&f these [9].
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Streptomyces, as the most important genus of Actijnetes, are the most abundant soil microorganismier a
wide variety of conditions. Actinomycetes strasre characterized by the production of importaritaeellular
bioactive compounds and majority of those straiglsiiy to species within the genus Streptomycesiwhioduce
two—thirds of the clinically important antibioti¢$0]. This genus was confirmed to be promising baatagainst
several pathogens and is well known for their pidéio produce a large number of inhibitory metiétbe used in
industry and pharmacy [11, 12]. Historically a krgercentage of the world’s antibiotics have bemmd in

actinomycetes. Actinobacteria are commonly knowpraslucers of antibiotics and other metaboliteq.[Ii8fact,

70-80% of the commercially available secondary inglites have been isolated and characterized freveral

species of actinomycetes [14]. These secondaryholéis represent an opulent source of biologicaltyive

compounds such as antibiotics, agrochemicals, eezymmunosuppressants, antiparasitics and anticaymnts
[15]. However, over the last decade, the searchafiibiotics and other metabolites in actinomyceted other
microorganisms has become less popular due toithimigdhing success of discovering novel strains [1f]. As a
result, screening for potential chemicals increaseddid not yield much success, which is not dsipg since
Actinobacteria have evolved their capabilities oadaillion years [17].

Research in finding newer antibiotics and increggiroductivity of such agents has been a very inapbractivity.
This is because some important drugs are expemsigéor have side effect to the host, some micrdiae® no
successful antibiotics and others are developinlgignug resistance [18]. These situations requiggerattention to
find solutions by searching and producing new dfettve antibiotics from microbes like actinomyest All these
studies searching for discovering new antibioticgrder to synthesize new drug that is able todiferent type of
microorganisms.

The present study was undertaken to isolate actietas from the soil samples along the bank of afldake,
Bangalore and to assess their anti-bacterial ptiegerAlong side the isolates were analysed udieglits rRNA
sequencing and the antibiotic gene was amplifiédgstine specified primers.

MATERIALS AND METHODS

Isolation and Culture of soil microorganisms:Soil samples were collected from the sedimentsi®filsoor lake,
Bangalore. The samples were collected in sterifgainers from the site and transported to the Téle. soil samples
were weighed and approximately 1 gram of eachssoiiple was dissolved in 10 ml of distilled watene®amples
were serially diluted 10 fold and 100l of eacH sample was plated on nutrient agar plates ané weubated at
65°C. These bacteria were further streaked on fneshent agar plates to procure isolated colonld® isolated
colonies of putative soil bacteria were sub-culiiuirenutrient broth for DNA extraction.

Genomic DNA isolation: Total genomic DNA from the bacteria was isolated NbyCetyl- N, N, N-trimethyl-
ammonium bromide (CTAB) method. Total genomic DN the bacteria was isolated by N- Cetyl- N, N, N-
trimethyl- ammonium bromide (CTAB) method describedewhere (Wilson, K. 2001). In brief, the cultuwras
centrifuged at 10000 rpm at 4°C and lysed with 8 #xtraction buffer (100mM Tris HCI, 100mM EDTA,4M
NaCl, 1% CTAB and Proteinase K - 0,@@ul). The suspension was incubated at abo&€3@r 30 minutes. To the
mixture 75 of 20% SDS was added and incubated at 65°C foouts. The suspension was then centrifuged and
the supernatant was extracted with equal volumeShiéroform and Isoamyl alcohol (24:1). The aquephbase
obtained after centrifugation was then extracteith @i6 volumes of isopropyl alcohol. The mixturesvadlowed to
stand undisturbed at RT for 1hour. The suspensemthen centrifuged again and the DNA was pelleféiu 50Qul

of 70% ethanol. The DNA collected was then quasdifusing UV spectrophotomer (Vivaspec Biophotometer
Germany).

16rDNA Sequencing: The purified genomic DNA was later used for se@irm using ABlI PRISM Big Dye
Terminators v1.1 cycle sequencing kit (Applied B&tems Foster city, CA, USA) according to the mantifrer’'s
instruction employing T7 or M13 primers. The comgpan of the nucleotide sequences of the uniquerfeany with
the sequences available in the GenBank databaseanrdsd out using the NCBI BLAST program.

PCR amplification of the putative antibiotic producing gene:Oligonucletide primers were designed to amplify a
region in the putative gene clus®@reptomyces. For this purpose, a web based software, Prinppu8was utilized.

A 940bp region has been targeted and the DNA seguens amplified by PCR as shown in the figure Wwelbhe
amplified Sequence was sub-cloned into the pTZ57Réhing vector (Fermentas, USA). The sequence latas
confirmed for the gene characterization using thesi@lw.

The oligonucleotide primers designed are listed\wel
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Oligonucleotide Sequences (5'- 3') GC % Tm Value ngidn Product Size
FP ACAGCATCCTGTCCATCCA 52 6T 19 940 b
RP GAGCAGCAGGTCGTTGATCT 55 6tC 20 P

Extraction of the putative antibiotic compound:
All the components of nutrient broth are weighed added to distilled and sterilized. Sterilizedthriz inoculated
with test culture under aseptic conditions aneésibated in an orbital shaker a’G7ver night.

The pure colonies isolated were inoculated inton206f the nutrient broth. The cultures were inceldlaat about
30°C for over night. The culture was used for the@otipn of the antimicrobial compound.

To extract the antimicrobial agent, culture fileavas mixed with 10% (v/v) of organic solvents saskchloroform,
vigorously shaken and the mixture was allowed frasste. The lower phase (organic phase) was sepdraim the
exhausted supernatant (upper phase). The solvaiseplias concentrated by drying the samples at 87@tiCno
solvent was left. Then, two phases were testedtteir antimicrobial activity by performing an anigrobial
activity assay. To isolate an oil-soluble antilBosiuch as penicillin, a solvent extraction methedised. In this
method, the broth is treated with organic solvenish as chloroform, which can specifically dissdhle antibiotic.

Antimicrobial activity assay: Antimicrobial activity of an antibiotic can be exgssed by determining the antibiotic
activity quantitatively. It is done by using thedumn sensitivity of a test organism towards a patéicantibiotic. In
the assay, 200uL of overnight grown bacterial cakuvere taken. To these cultures, 10, 20, 40né®BauL of the
putative antibiotic compound was added separatedath bacterial test cultures. The experimentrejsated four
times to confirm the activity.

Well Method of Antibiotic Assay: Nutrient agar medium is poured into petri platedamaseptic conditions with
the selected bacterial species (Bacillus sp) fhibition. And five wells were cut for increasingrmentrations of
the crude extract. About 20-40ul of the crude ettneas added to the wells in the increasing ordetheir
concentration. The plates were the incubated ogktmit 37C for 24 hours.

RESULTS AND DISCUSSION

Genomic DNA isolation and quantification: The bacteria were cultured in the Nutrient brothidimeand genomic
DNA was isolated by CTAB method. The isolated DNAsaanalyzed by Agarose (1% w/v) gel electrophoresis
(Fig.1). The quantity and quality of DNA was anagzy UV visible spectrophotometer and the datashasvn in

the table 1. The A260/280 ratio was recorded, shgwle purity profile of the isolated DNA.

b 5 derond

Fig. 1. Genomic DNA isolated from soil bacteria

16S rDNA PCR analysis of the soil bacterial isolate

16S rDNA oligonucleotide primers were designed foe identification of the soil bacteriumsing Primer3
software. The predicted primers were validaitedilico and subsequently in wet lab. The primers coulddyas
amplicon of the expected size to produce ~1500nypliaon which shown in the figure 2.
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Fig. 2. PCR amplification of bacterial genomic DNAwith 16S rDNA primers

Sequencing of the bacterial isolatesthe 16S PCR product of the bacterial isolates fwere further characterized
by DNA sequence analysis. The DNA sequencing wea®peed at Eurofins, Bangalore. A sequence reael&00

bp DNA sequence was obtainéithe sequence data is shown beldWe DNA sequence obtained was further used
to investigate the identity of the bacterial iselaf Basic Local Alignment SearchTool, BLAST (version 2.7)
analysis was performed to establish the quality aocuracy of DNA sequencing results. The sequemncgs
compared to their corresponding GenBank sequefides.identified sequence showed 100% similiarityhvitie
gene sequences 8freptomyces carpaticus which were available from GenBank database. ThASBIL hits had a
significant e-value (as shown in the figure below).

5’AGAGGCGAACGGGTGAGTACCACGTGGGCAATCTGCCCTGCACTCTGGIAAGCCCGGGAAACTG
GGTCTAATACCGGATACGACACTCCGAGGCATCTCGGGGTGTGGAAAGTTOGGCGGTGCAGGATGA
GCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACEGSHSGGTAGCCGGCCTGAG
AGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGMEAGCAGTGGGGAATA
TTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACKETTCGGGTTGTAAAC
CTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCACGGCTAACTACGTGCCA
GCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCBRAAGAGCTCGTAGGCG
GTTTGTCGCGTCGATTGTGAAAGCCCGGGGCTTAACCCTGGGTCTGCAGTBATACGGGCAGGCTAGA
GTTCGGCAGGGGAGACTGGAATTCCTGGTGAAGCGGTGAAATGCGCAGATRCAGGAGGAACACCGG
TGGCGAAGGCGGGTCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGB&BGAGCGAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAAMTITCCACGTTGTCCGTG
CCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTAGGGCCGCAAGGCRAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACG@BGAACCTTACCAAGG
CTTGACATACACCGGAAACGGCCAGAGATGGTCGCCCCCTTGTGGTCGGMBCAGGTGGTGCATGGC
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGHLECCTTGTCCTGTGTTGC
CAGCGAACTCTTCGGACTGCCGGGGACTCACGGGAGACTGCCGGGGTCAARCGGAGGAAGGTGGGG
ACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACN GGCCGGTACAATGAG
CTGCGATGCCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGA GGGGTCTGCAACTCG
ACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTRATACGTTCCCGGGCCT
TGTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCCGGTGCCTAACCCCTTGTGGG
AGGGAGCTGTCGAAGGTGGGCCTGGCGE

Primer design and cloning of the putative antibiott producing gene:

Oligonucletide primers were designed to amplifyegion in the putative gene clust&ireptomyces. For this
purpose, a web based software, Primer 3 plus vilazedt A 940bp region has been targeted and thé Béguence
was amplified by PCR as shown in the figure beldte amplified Sequence was sub-cloned into the @RZb
cloning vector (Fermentas, USA). Upon further quefyhe identified sequenda silico, it was revealed that the
sequence is a part of a gene cluster responsibénfibiotic production.
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1500b
1000b
S00bp

Figure 4: PCR amplification of the putative antibiatic gene. The amplified gene was 940bp. Lane M: Stdard; Lane 2, 4,5: Amplified
product; Lane 1: Negative control

Multiple Sequence alignment:Multiple sequence alignment was performed with CIWE alignment software
(http://www.ebi.ac.uk/Tools/msa/clustalo/). The gesequences which were exhibiting high similarity the
identified sequence in BLAST analysis were seledtgdsequence alignment in order to establish tléecular
identity. The results of the alignment showed digant sequence match with the corresponding higlihyilar
Streptomyces sp. as shown below.

CLUSTAL 2.1 multiple sequence alignment:

Phylogram

Branch length: @ Cladogram ) Real

gi| 110816552 |gb|CP000431.1|_7168696-7169043 0

gi| 110816552 |gb|CP000431.1|_7173370-7173717 0

gi| 110816552 |gb|CP000431.1|_2450365-2450402 -0.0005
gi| 328880049 |emb|FR845719.1|_6830755-6831008 0.02682
gi| 110816552 |gb|CP000431.1|_5425314-5425345 -0.00699
gi| 110816552 |gb|CPD00431.1|_5398475-5398502 -0.01538
gi| 110816552 |gb|CP000431.1|_5791471-5791520 0.07384
gi| 328880049 |emb|FR845719.1|_7738271-7738328 0.01914
gi| 564274498 | gb |KF657739.1|_54336-54874 0.0274

gi| 564274498 |gb |KF657739.1|_33413-33460 0.01427

gi| 328880049 |emb|FR845719.1|_6827125-6827396 0.07827
gi|578005119|gb|CP007155.1|_6900358-6900565 0.07686
gi| 110816552 |gb|CP000431.1|_5840803-5840830 0.05394
gi|578005119|gb|CPD0O7155.1|_6907871-6908746 -0.05394
gi|578005119|gb|CP007155.1|_6104258-6104356 0.07458
gi|359832573|gb|CP003170.1|_3400025-3401038 0.00014
gi| 359832573 |gb|CP003170.1|_3394316-3394666 0.04259
gi| 238770763 |dbj| AB432711.1|_479-693 0.14623

gi| 297233228 |dbj| AB283030.2|_3224-3530 0.10608

putative P

At allh

Figure 5: Phylogenetic tree displaying the relatioship of the identified gene with the correspondingenes

Antimicrobial activity assay

Antimicrobial activity of an antibiotic can be exgssed by determining the antibiotic activity quititrely. It is
done by using the known sensitivity of a test orglantowards a particular antibiotic. In the assa@QuL of
overnight grown bacterial cultures were taken. fi@se cultures, 10, 20, 40, 60 and 80pL of the ipetaintibiotic
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compound was added separately to each bacteriauitgres. The results are indicated in the graglow (Fig 6).
Bacterial growth was inhibited at higher volumestlod putative antimicrobial compound (20, 40, 6@ 80uL)
whereas lesser growth inhibition is observed widpll of the antimicrobial compound as shown in fegét 7. The
growth inhibition was found to be dose dependeriiéncase of activity.

= 10pul

_ = L m 20l
e _ 40l
T —-__ n = 60pl
I |-— ‘ I = 80l

o M0 AR Bl

1 2 3 4

Bacterial growth at OD 650nm

Figure 6: Graph depicting the antimicrobial activity of the extracted compound. The activity was showto be dose dependent. All the
results are average of triplicates. The experimenwas done four times

Bacterial growth was inhibited at higher volumestlod putative antimicrobial compound (20, 40, 6@ &80uL)
whereas lesser growth inhibition is observed w1 ll of the antimicrobial compound as shown in feg@r& 7.

Figure7: Well plate method of antimicrobial assay
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DISCUSSION

Actinomycetes are the most widely distributed grofipnicroorganisms in nature which primarily inhiatiie soil.
They have provided many important bioactive compisuaf high commercial value and continue to beinely
screened for new bioactive compounds. Almost 80%thef world’'s antibiotics are known to come from
actinomycetes, mostly from the gen&eeptomyces andMicromonospora.

The primers designed yielded an amplicon of theeetqd size of about ~1500bp. The sequences werpacethto
their corresponding GenBank sequences. The ideditfequence showed 100% similiarity with the gexgrisnces
of Streptomyces carpaticus which were available from GenBank database. Oligtatide primers designed to
amplify a region in the putative gene clusBireptomyces. For this purpose, a web based software, Primgus
was utilized. A 940bp region has been targetedth@dNA sequence was amplified by PCR as showharfigure
below. The amplified Sequence on BLAST analysi®adad that the sequence is a part of a gene chesegonsible
for antibiotic production. The isolated compoundsviaund to show high level of antibacterial activiit both tube
method and well plate method. Bacterial growth \wadsbited at higher volumes of the putative antirokmal
compound (20, 40, 60 and 80pL) whereas lesser ramttibition is observed with 10pL of the antimibral
compound as shown in figure 6, 7. The growth intfdhiwas found to be dose dependent in the caaetivity.

CONCLUSION

Streptomyces is the largest genus of Actinobacteria and the tyenus of the family Streptomycetaceae. Over 500
species of Streptomyces bacteria have been dedciisewith the otheActinobacteria, Sreptomycetes are Gram-
positive, and have genomes with high GC conteninBgredominantly in soil and decaying vegetatioast of the
Streptomycetes produce spores, and are noted for their distieetrthy” odor that results from production of a
volatile metabolite, geosmir&reptomycetes are the most abundant source of antibiotics. &lfyiceach species
produces several antibiotics, with the profile lgeBpecies specificstreptomyces coelicolor, the model species,
produces at least five different antibiotics. Thgulation of antibiotic biosynthesis i@ coelicolor and other,
nonmodel streptomycetes of each antibiotic is $ijgecby a large gene cluster, usually includingutetpry genes
(cluster-situated regulators [CSRs]). In the prestudy we isolated different actinomycetes speaigs one of the
efficient strain was identified based on 16S rDNéggencing. The identifiedreptomyces carpaticus was
efficiently inhibiting most of the pathogens test&tie sequences flanking the identified sequendkisrwork need
to be amplified and cloned into an expression veti@achieve the expression of the antibiotic coumub Further
we plan to characterized and analyze the compowitdsantimicrobial activity.
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