Available online at www.scholarsresearchlibrary.com

Q\\a(ma%(
Scholars Research Library ,g‘ < "bﬁ%
Scholars Research . * k@ ‘Y
Der Pharmacia Lettre, 2016, 8 (1):16-24 & Vq <4 *
: (http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Phylogenetic diversity and biological activity of atinomycetes isolated from
Gulf of Mannar, Tamil Nadu, India

Md. Kashif, Vineet Kumar, V. N. Kalpana and V. DeviRajeswari*

Division of Biomolecules and Genetics, School of Biosciences and Technology, VIT University, Vellore, Tamil Nadu,
India

ABSTRACT

Marine environmental conditions are extremely different from terrestrial ones, because every class of marine
microbes produces a number of bioactive compounds with unique structural features. Of all the marine microbes,
the actinomycetes have a special consideration since it produces a novel bioactive compounds. Hence, marine
sediments, collected from the coastal areas of Rameshwaram and Dhanushkodi of Tamilnadu state, India, were
screened and eighteen isolates were obtained on Starch-Casein agar media by soil dilution technique. However,
only seven isolates showed significant antibacterial activity against Escherichia coli, Proteus mirabilis, Bacillus
cereus, and Staphyl ococcous aureus. GC-MS results reveal that two compounds N-Isopropyluredo Acetic Acid and
Benzene Propanamine, N-(1, 1-Dimethyl Ethyl) - Alpha Methyl - Gamma Phosphate were present in the isolates.
Morphological, cultural, biochemical characterization and Gene sequencing indicated that the isolates belong to
Streptomyces genus of Actinomycetes. The Phylogenetic study reveals the species name as Septomyces globosus,
and hence the strain is named as VITR004. Therefore, the isolation, characterization of the rare actinomycetes from
the coastal areas of Rameshwaram and Dhanushkodi of Tamilnadu state, India will be useful for the discovery of
the novel bioactive metabolites that are effective against wide range of pathogens.

Key words Bioactive compounds, GC-MS analysis, Actinomyces¢a,ch casein agar.

INTRODUCTION

Microbes have made a major contribution to thethemhd wellbeing of people throughout the worldatidition of
producing primary metabolites, they are capabl@rofiucing secondary metabolites. Marine organisotsaa a
major source for the isolation of new organism with ability to produce active secondary metab®|ii§. Among
such organisms, actinomycetes are of great intbexstuse they are recognized as organisms of agadariosity
produce diverse compounds with a range of bioldgictvities also act as a potential antibioticgwoer [2]. They
are free living and saprophytic bacteria. AbouttWinds of antibiotics have been isolated from ramtnycetes [3].
Among actinomycetes, the genftseptomyces act as a richest source of secondary metabolitgécantinues to act
as a major source of new bioactive molecules [4,Alout 61% of bioactive substances were isolatednf
Streptomyces [6].  Hence,Sreptomyces are recognized as primary antibiotic producingaoigm [7]. This has
improved the life standard may be directly or iedity. The discovery and development of antibioticdreat life
threatening infections by bacteria is perhaps dne greatest accomplishments of the mid twentoethtury. As
the frequency of novel bioactive compounds discederom terrestrial actinomycetes decreases witie timuch
attention has been focused on screening of actinetay from marine environment for their abilitypiwduce new
secondary metabolites [8]. The isolated compounals fmarine actinomycetes has a wide spectrum dbdpical
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activities such as cytotoxic, antifungal, neurotgxntiviral, antineoplastic, antibiotic, antimitoaind antineoplastic
activities [9]. With this view, the present studgsvinitiated for bioprospecting of actinobacterianf an unexplored
source - Dhanushkodi and Rameshvaram (Gulf of Marfoaactinobacteria with special reference tdlzatterial
activity. Further, the identified antagonistic actinycetes were characterized based on morphologicahemical,
cultural and physiological characteristics. The nmabjective of this study is to isolate Marine-Admycetes from
Rameshwaram soil sample and to screen for antivi@mraactivity and to obtain the crude extract ok th
antimicrobial isolate through fermentation and thencharacterize the lead compound responsibleheranti-
microbial activity.

MATERIALS AND METHODS

Collection and Pre-Treatment of Marine Soll

The marine soil samples were collected from variglases from Dhanushkodi and Rameshvaram with sit2@0
metres away from each place just beneath the ugyéace (i.e. 15 cm below surface) to avoid thetmmmation.
The soil samples were collected in the sterile pw@lthene plastic bags. The collected soil sasplere brought
to the laboratory and dried in a hot air oven f@8+6%°C for 1 hour to reduce the non-spore formingrates.

Isolation of Actinomycetes

Starch casein agar medium was used for the isolafiactinomycetes. 1 gram of marine soil was soded in 9 ml
sterile double distilled water. Then the samplesewdiluted serially for upto 10 From each dilution, 0.1 ml was
spread with an sterile L- shaped rod evenly overStarch casein agar plates. The plates were itexilba 30°C for
7 days. After incubation, colonies were purifiedhgsstreak plate technique and the pure cultures westained on
SCA slants at 4°C for further use [10, 11]

Primary Screening

The purified isolates were screened during the gmynscreening against the selected strains by pdipdar
streaking method. In this method, Muller Hinton ragkates was used and each plate was streakednalitidual
isolates at the centre of the plate and incubat&Y eC for 7 days. Later 24 hr fresh sub culturest bacteria were
prepared and streaked perpendicular to the isadatgsncubated at 37°C for 13 hours [12]

Characterization of Active Isolate
Gram Staining
The suspected isolate were made smeared on threstida and allowed to dry and then heat fixed.

The smear was Gram stained and observed underi¢thesgope [13]

Morphological Characterization

According to the recommendations of Internatio8&akptomyces Project (ISP) potent antagonistic actinomycete
isolates were further characterized based on mdwphal, biochemical, cultural and physiologicalafieres.
Microscopic characterization was carried out byeroslip culture method and formation of aerial audbstrate
mycelium, and arrangement of spores on myceliunewbserved under high power objective of lightragcope
[14]

Biochemical Characterization

Melanin Production

The production of melanin pigment on agar slantpagtone — yeast extract Iron was determined ardefutested
the production in tryptone—yeast extract broth. Theculated tubes were observed after 2 days arthys.
Appearance of deep brown, greenish brown, grednastk or black colours were recorded as melaniritiges
Absence of brown to black colour, or total abseotdiffusible pigment, was considered as negativenfielanin
production [10]

Indole Production Test

To determine the ability of an organism to prodirgole. The organism is inoculated in tryptone brand
incubated at 37°C for 24 hours. Formation of red &t the top of liquid layer on the addition ofuéa’s reagent is
considered as positive test requs]
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Methyl Red and Voges Proskauer Test
To find out whether an organism is MR/VP positive riot. The organism is inoculated in MR/VP brothdan
incubated at 37 °C for atleast 48 hours [13]

Citrate Utilisation Test

A drop of 4-6 hour old isolate was inoculated o8tmmons citrate agar slants and incubated for 24shat 37°C.
A change in colour from green to deep prussian fdumation was considered to be positive test tesntl no
colour change was considered to be negative teslt @3]

Urease Production Test
The isolates were inoculated onto Christensen’asgr@gar slants and incubated at@G7or 18-24 hours. When the
colour of the medium changed to pink, it was comed positive test result [13].

Triple Sugar Iron Agar (TSI) Test

The isolates were inoculated onto triple sugar agar test and incubated at 7 for 18-24 hours. When the colour
of the medium changes to yellow or pink, it is ddesed to be positive [13]

Sequencing Analysis 16s rRNA

DNA Extraction

Bacterial Genomic DNA was isolated using the Insa€I'M Matrix Genomic DNA isolatiokit. An isolated
bacterial colony was picked up and suspended indfrsterile water in a microfuge tube. Centrifugéor 1 minute
at 10,000-12,000 rpm to remove the supernatantd 28@ul of Insta Gene matrix to the pellet and incubasg 56
°C for 15 minutes. Vortex at high speed for 10 selsoand place the tube in a 100 °C in boiling whggh for 8
minutes. Finally, vortex the content at high spfedlLO seconds and Spin at 10,000-12,000 rpm foirites. As
a result, 2Ql of the supernatant was used penb0f PCR reaction [15].

PCR Protocol
Using below 16S rRNA Universal primers gene fraghwas amplified using MJ Research Peltier Thermull €
[16]

Primer Details Sequence Details Number of Base
27F AGAGTTTGATCMTGGCTCAG 20
1492R TACGGYTACCTTGTTACGACTT 22

Add 1ul of template DNA in 2QuL of PCR reaction solution. Use 27F/1492R primesecufor bacteria, and then
PCR reaction performed with below conditions: hliDenaturation € for 2 min and then 35 amplification cycles
at 94C for 45 sec, 5% for 60 sec, and 72 for 60 sec. Final Extension at°r2for 10 min. DNA fragments are
amplified about 1,400bp in the case of bacterialultle a positive controlEcoli genomic DNA) and a negative
control in the PCR.

Purification of PCR products

Removed unincorporated PCR primers and dNTPs fr@R Products by using Montage PCR Clean up kit
(Millipore). The PCR product was sequenced usirggGh8F/800R primers. Sequencing reactions werempeefd
using a ABI PRISM® BigDyeTM Terminator Cycle Sequiemy Kits with AmpliTag® DNA polymerase (FS
enzyme) (Applied Biosystems).

Sequencing protocol
Single-pass sequencing was performed on each temmang below 16s rRNA universal primers. The faszent-
labeled fragments were purified from the unincogbed terminators with an ethanol precipitation pcot. The
samples were resuspended in distilled water anghctigdol to electrophoresis in an ABI 3730x| sequerideplied
Biosystems).

Sequencing Primer Details

Primer Name Sequence Details Number of Base
785F GGATTAGATACCCTGGTA 18
907R CCGTCAATTCMTTTRAGTTT 20
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Bioinformatics Protocol

The 16s r RNA sequence was blast using NCBI biastesity search tool. The phylogeny analysis of eequence
with the closely related sequence of blast resulis performed followed by multiple sequence aligninéhe
program MUSCLE 3.7 was used for multiple alignmesftsequences. The resulting aligned sequences cveee
using the program Gblocks 0.91b. This Gblocks elatés poorly aligned positions and divergent regi@amoves
alignment noise). Finally, the program PhyML 3.0RAL was used for phylogeny analysis and HKY85 as
Substitution modelPhyML was shown to be at least as accurate as @atkisting phylogeny programs using
simulated data, while being one order of magnitiagger. PhyML was shown to be at least as accastether
existing phylogeny programs using simulated dataijenbeing one order of magnitude faster. The mogree
Dyn 198.3 was used for tree rendering.

Secondary Metabolite Analysis

Gas Chromatography (GC)

It is a joint type of chromatography castoff in bia chemistry for separating and analysing cometethat can
be vaporised starved of decomposition Typical w$&SC include testing the transparency of a paldicsubstance,
or unscrambling the different components of a rhixgas chromatography, movable phase is carriergaslly
an inert gas. Stationary chapter is a glass orintebkéng called a column(Fig.1) The gaseous compsubeing
scrutinized interact with the walls of the columwhich is coated with different stationary phasdsisTcauses each
composite to elute at a different time, acknowletigs the retention period of the compound. The malg of
retention times is what gives GC its diagnosticulsess. A number of indicators are used in gasraatography.
The most public are the flame ionization detectelDj and the current conductivity detector (TCD)otB are
penetrating to a wide range of gears. TCD are ¢éisflgrcommon and can be used to detect any famttoer than
the carrier gas.

RECORDER}
DATA SYSTEM

GAS CYLINDER

Fig.1 lllustration of gas chromatography

Mass Spectroscopy Analyzer

The physics overdue mass spectrometry is thatayet unit passing through a magnetic field isatieted along a
circular path on a ambit that is relational to thass to charge ratio, m/z. The three essentia pérthe MS
analyser remain the ionisation source, the analykersensor. Find a way to “charge” an atom or(ibitization
source). Place charged atom or fragment in a mexgfield / electric field and quantity its speedradius of warp
relative to its mass-to-charge ratio (mass analyZeetect ions using microchannel plate or photdipligr tube
(Detector) (Fig.2). The three essential parts efNf§ analyser remain the ionisation source, thé/sel the sensor.
Find a way to “charge” an atom or bit (ionizatimusce). Of the total sea surface, only 7—-8% isasea and the rest
is deep sea, of which again 60% is roofed by wattenore than 2000 m deep.
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Fig. 2 lllustration of mass spec analyzer

Determination of Anti-Bacterial Activity

Agar diffusion methods using bacteria, as testmigga is one of the most widely used assay methblis. method
is used to find antibacterial activity in cultureoth of actinomycetes. This assay is based on ¢bbnique of
allowing an antibiotic to diffuse through an agat,gvhich has been previously seeded with testrosgss. This is
the most widely used and accepted method empldiimgliffusion technique. This assay is done in tveys.

Agar well method - In which wells of definite vol@rare cut on agar plates seeded with test micrabasure
filtrate is added to the wells in fixed quantitying micropipette and incubated.

Kirby-baur disc method — Sterile paper discs impigd with culture filtrates are placed over seeaigal plates
with test microbes

RESULTS AND DISCUSSION

The first report on marine actinomycetes was magle[1Y] from the salt mud. Actinomycetes especially
Streptomyces have been reported from the marine sediments [I& regular isolation of actinomycetes from
littoral sediments does not indicate that thesamisms are indigenous to the marine and brackidbrveseas. In
the present study, 18 isolates were isolated flmrcbastal areas of Rameshwaram and Dhanushkddinoifnadu
state.

Isolation
Actinomycetesvas isolated from soil sample by spread plate tiecten The actinomycetese further confirmed by
morphological and biochemical test. The image olgighiunder microscope is shown in figure.3

Characteristics Results
Morphology
Gram staining Gram positive, filamentous bacteria
Acid fast staining Non acid fast
Substrate mycelium  Yellowish brown
Aerial mycelium Grey
Spore mass colour Greyish white
Spore chain Linear
Biochemicals
Melanin Positive
Indole Negative
MR Positive
VP Negative
Citrate Negative
Ureas Negative
TSI Alkaline slant/Alkaline Butt.

Positive gas production
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Fig. 3. Image obtained under microscope
Primary Screening

Bioactive isolates were identified by differentiegithe zone of inhibition from the plates in whiattinomycetes
are isolated. (Fig.4)

Fig. 4 Identification of active isolate by Zone ofnhibition

Screening of Antimicrobial Activity by Cross StreakMethod

This study was done by the Cross streak methodsigfiur pathogenic strains of bacteria nantebpli, Bacillus
cereus, Proteus mirabilis, Staphylococcus aureus. The result obtained from cross streaking methoce gav our
strain of interest (Fig.5). Out of 18 isolates, #fesample gave us the best result in forming zoriatobition, by
showing a good anti-bacterial activity againstpa¢hogens.

Fig. 5 Cross streaking
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Sequencing Analysis — [16s r RNA]
The gene was sequenced and the DNA is sequenceddties was identified 8eptomyces globosus.(Fig.6 and
7).

Contig 2
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Sspl (462) W EcoRl (751) N [/ Xmal [1468)
Dral (69) Sacll (334) N Sacl (856) S — | - ] .
Dral (29) w Sacll (300) w W || W E : T . —— 1.>
N [ S L | — b Apal{1010)  Sphl(1212) Smal (1470)  EcoRl (1857)
- - 1 T [ | [ (

I ! I I U I I T T T T I U T 1 I
10 200 00 400 500 &X0 700 800 500 N 1o 1200 1300 1400 1500 1600

Fig.6 Gene sequencing
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Fig.7 Phylogenetic Tree

Sequence-| Hteptomyces globosus] 16S rRNA gene VITR004
ATTTTGGGGTAGTTTGCGGGGGAAATTTTAAAAGTTTAATAAAGTTTTTTTTAAGGGGGGGGGGAATTT
AAAAAGGAAGGGGGGGGGGGGGGGGGGGGGGGGGGTTTTTAAGTTTTTTRPACTGCTCAGGACGAA
CGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAACCTCCTTCGGAGGGGATTAGTGGCGAA
CGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCT@BRACGGGGTCTAATACC
GGATACGACTGCGGAAGGCATCTTCCGCGGTGGAAAGCTCCGGCGGTGAATATGAGCCCGCGGCCT
ATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCEETGAGAGGGCGACCG
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT@EHBAATATTGCACAATG
GGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGETAAACCTCTTTCAGCA
GGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACEBGCCAGCAGCCGCGGT
AATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGAGGCGGCCAGTCACGTC
GGATGTGAAAGCCCGAGGCTTAACCTCGGGTCTGCATTCGATACGGGCTGTAGAGTGTGGTAGGGG
AGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACKECGGTGGCGAAGGCGG
ATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGATTAGATACCCTGGT
AGTCCACGCCGTAAACGTTGGGAACTAGGTGTTGGCGACATTCCACGTCAIGGTGCCGCAGCTAACG
CATTAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGATTGACGGGGGCCCGC
ACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACEBAGGCTTGACATATACC
GGAAACATCCAGAGATGGGTGCCCCCTTGTGGTCGGTATACAGGTGGTGOAGGCTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTETTGCCAGCATGCCCTTC
GGGGTGATGGGGACTCACAGGAGACCGCCGGGGTCAACTCGGAGGAAGGBGGACGACGTCAAGTC
ATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAPGAGCTGCGATACCGTG
AGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCABTCGACCCCATGAAGTC
GGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGCCTTGTACACACCGCC
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CGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCTTEGAGGGAGCCGTCGAA
GGTGGGACTGGCGATTGGGACGAAGTCGTAACAAGGGAAACCCCGAAAAGGGGGGGAAGCATTTTC

CCCCTTGTCCGAATGCCAGTATCCGTTTGCCCCGGTTCCTCCGGAATTCTT

Secondary Metabolite Analysis
GC-MS

Our sample was processed for GC- MS, 3 compounds iselated in our sample. The chromatogram waaiodéd
(fig.8) and the individual compound was analysdterahat the molecular weight was identified ahé telated

compounds were taken out with the best match.

Retention time  Molecular weight Hit obtained
20.9 207.16 N-Isopropyluredo Acetic Acid
28.4 441.27 Unkown
30.55 591.4 Benzene Propanamine,

N-(1,1-Dimethyl Ethyl)-
Alpha Methyl - Gamma Phosphate

Molecular weight with their retention time and @dbsmatched compounds

GC-MS
Chromatogram

30.56

7.40 N 12°30 N 17.40 "’ 22.20 ’ 27.20

Fig.8 Chromatogram obtained in GC-MS results

Determination of Anti Bacterial Activity
Well Diffusion Method

The pathogens showed zone of inhibition against ¢hele extract. This was compared with the standard

antibiotic. The results showed high inhibition thanen compared to that of control.
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Disc Diffusion
The pathogens showed zone of inhibition againstthde extract. This was compared with the standatibiotic.
The results showed high inhibition than when coregdo that of control.

CONCLUSION

The present study reveals the potential of the measictinomycetes as a best source of antimicraoiepounds.

The starch casein agar was found to be suitablésfdating actinomycetes from marine sediments,ctvhivere
collected from the coastal areas of RameshwaranbDaadushkodi of Tamilnadu statef eighteen isolates only six
exhibited substantial antibacterial activity. Treested actinomycetes found to be capable of itihthithe most
pathogenic microorganisms suchB&soli, Proteus sp Our searches of actinomycets lead to the ideatifia of
Streptomyces globosus and named our strain as VITROO4. Further investiga are needed in order to determine
the structural characterization and the biologaedivity of the secondary metabolites. Thus, them definite scope

for bioprospecting of antagonistic actinomycetesnfr coastal areas of Rameshwaram and Dhanushkodi of
Tamilnadu state once appropriate further studiesiadertaken.
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