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Isolation, Screening, Statistical media optimization,
Purification and Structural characterization of bioactive
compound from marine derived Streptomyces sp JS-S6.

Saranya Somasundaram, V. Satheeja Santhi and Robinson David Jebakumar Solomon

Department of Molecular Microbiology, School of Biotechnology, Madurai Kamaraj University, Madurai - 625021, India

Abstract- Exploitation and overuse of antibiotics in the health
sectors leads to the development of resistance mechanism in
microbes against antibiotics. As a consequence, there is a vital
need to develop effective lead compound from natural sources.
Compounds derived from marine habitat have a remarkable
nature of unique chemical structures and exhibit bioactivity, so it
can be used in the treatment against antibiotic resistant clinical
pathogens. The present study was mainly focused on isolation
and screening of novel Streptomyces species against clinical
pathogens from unexplored marine environment. In this study,
thirty five actinomycetes isolates were identified. Among these,
the isolate JS-S6 exhibits a strong antagonistic effect against the
pathogens used. The 16S rRNA gene analysis of the isolate JS-
S6 showed that it was similar to Streptomyces viridobrunneus”
LMG20317 and named as Streptomyces sp JS-S6. The Scanning
Electron Microscopy (SEM) studies revealed that the spores were
highly abundant, irregular in shape and distributed unequally.
One Factor at a time (OFAT) medium optimization revealed that
starch, ammonium sulphate and seven days of incubation period
as efficient factor to emphasis the maximum biomass production
and highest antibacterial activity. Placket Burman method and
central composite design of response surface methodology in
statistical media optimization disclosed the significant factors
were starch, ammonium sulphate and Sodium chloride and their
optimum concentration were 1%, 0.2% and 0.1 % respectively
for maximum biomass production and antibacterial activity.
Mass fermentation was carried out with optimized medium and
purification of crude extract was done by silica column
chromatography. The UV-Visible spectroscopy analysis showed
that the compound has maximum absorption at 260.0 nm and
FTIR analysis revealed the presence of methoxy functional
group. The GC-MS analysis also strongly suggest that the
bioactive metabolite was found to be Methyl N-
hydroxybenzenecarboximidate (Oxime-Methoxy  phenyl
compound) when compared with mass spectra of Wiley and
NIST95 database. The compound exhibited strong antibacterial
activity against clinical pathogens without exhibiting cytotoxicity
potential against HIC2 cell line. From this study it was clear that
the bioactive compound from Streptomyces sp. JS-S6 have
antibacterial activity against clinical pathogens. In future, it can
be developed as potential lead molecule against pathogens that
develop resistance against antibiotics.

Index Terms- Marine Streptomyces, media optimization,

Spectroscopy studies.

1. INTRODUCTION

ombating drug resistant bacteria was found to be nightmare

scenario for most of the clinicians. In order to overcome this
issue, the lead bioactive molecule derived from natural source
can be used as an effective drug candidate against the emerging
drug resistance pathogens. Currently, most of the available drugs
were originated from the microbial source (Singh ef al., 2014).
Bioactive molecules from marine microbes with unique chemical
entity have the ability to tackle the drug resistant bacteria and can
be developed as broad spectrum antibiotics in future (Mangamuri
et al., 2016). In the marine microbial world, Streptomyces genus
of actinomycetales order made headway as the lead bioactive
molecule producer in the synthesis of commercially important
pharmaceutical products (Manivasagan et al, 2014).
Streptomyces are filamentous gram positive bacteria with
inimitable and complicated secondary metabolite pathways that
synthesize antibiotics, antitumor agents, immunosuppressants
and enzyme inhibitors (Khattab ef al, 2016). Most of the
antibiotics that are currently in usage were obtained from the
genus Streptomyces. In Microbial natural product, surplus
amount of starting material for the drug candidate can be
obtained from the fermentation process (Carter, 2011). In the
present study, among 35 isolates, the isolate JS-S6 showed
antagonistic effect against the clinical pathogens was selected. It
was then subjected to media optimization, mass fermentation,
purification and spectral studies of the purified compound.
Cytotoxicity of the bioactive compound was verified with the
H9C2 normal cell line .

Il. MATERIALS METHODS

Isolation and screening for antagonistic isolate:

The sediment sample used in the study was collected at a
depth of 2.0 m from the mangrove estuary of Arabian Sea,
Kanyakumari district, located in southemn part of India (8.0883°
N, 77.5385° E). The sediment samples were transported to the
laboratory in aseptic condition. Isolation was carried out using
1.0 g of marine sediment sample by standard serial dilution and
plating method in Actinomycetes Isolation medium that
constitutes of Soluble Starch 20 g, KNO; 1 g, NaCl 0.5 g,
K,HPO4 0.5 g, MgSO,4 7H,0 0.5 g, FeSO, 7H.0 20 uM, Agar
15 g in 1000 ml of brackish water from mangrove habitat (Santhi
and Jebakumar , 2011). Nalidixic acid (50.0 ug mL") and
Ketoconozole (50.0 g mL™') were added to inhibit the growth of
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ABSTRACT

The ever growing demands for food products such as starch and sugar produces; there is a need to find the
sources for saccharification for cellulosic bioethanol production. This study provides the first evidence
of the lignocellulolytic and saccharifying ability of a marine bacterium namely [soptericola sp. JS-C42,
a Gram positive actinobacterium with the cocci cells embedded on mycelia isolated from the Arabian
Sea, India. It exhibited highest filter paper unit effect, endoglucanase, exoglucanase, cellobiohydrolase,
[3-glucosidase, xylanase and ligninase effect. The hydrolytic potential of the enzymes displayed the effi-
cient saccharification capability of steam pretreated biomass, It was also found to degrade the paddy,
sorghum, Acacia mangium and Ficus religiosa into simple reducing sugars by its efficient lignocellulose
enzyme complex with limited consumption of sugars. Production of ethanol was also achieved with the
Saccharomyces cerevisiae. Overall, it offers a great potential for the cellulosic ethanol production in an
economically reliable and eco-friendly point-of-care,

© 2014 The Authors, Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Cellulose is a structural framework of plant cell wall compris-
ing of 35-50% weight basis of plant material [1] and one of the
major constituents of renewable biomass. The major contribution
for structural component in the cell wall is a cellulose complex
comprising of linear polymer of 3 (1-4) glucose units. In plant cell
walls, the cellulose contributes a microcrystalline structure and its
component cellulose 1«, one of the stable isoform, which aids to
70% crystalline thus makes them hard material for saccharification
[2]. The microcrystalline structure of cellulose is more difficult to
hydrolyze economically into reducing sugars when compared to
starch [3].

Generally cellulose hydrolytic enzymes are produced naturally
by a wide range of microbial communities, including bacterial and
fungal species. They are known to biosynthesize different types
of cellulase enzymes, which have distinct metabolic actions on
the breakdown of cellulose [4.5] and these enzymes play a key
role in the large scale conversion of plant biomass into simple,
reducing sugars and facilitate the possible opportunity in modern

* Corresponding author. Tel.; +91 452 2459480,
E-mail address: jsolomon_mina@yahoo.com (S.R.D. Jebakumar).

http://dx.doi.org/10.1016/j btre.2014.05.002

tools of biotechnological applications to meet the growing fuel
demands [6]. Due to the high cost, ever growing demand and
depletion of fossil fuel resources with global warming problems
by the increased emission of greenhouse gases (GHG); the spread
of cost-effective technologies for producing alternate renewable
fuels such as ethanol from cellulosic biomass feedstocks have
emerged both at research and industrial scale.

The second-generation biofuel, cellulosic ethanol is produced
from non food based, renewable, fibrous lignocellulosic plant
biomass. The lignocellulosic plant biomass is not used as a human
food and is available as vast quantity at cheaper cost; hence there
is no significant negative impact on the global food security |7].
Ethanol production from lignocellulosic materials involved a mul-
tistep process in which the size of the biomass should be reduced
by pretreatment, enzymatic hydrolysis of cellulose and hemicellu-
lose to simple sugars and finally conversion of released sugars into
ethanol.

The crop stubbles left out in the field after harvesting (rice
and sorghum) and tree residues were routinely burned around
the globe which creates serious pollution and health issues [8].
However, all these crop residues represent a biofuel feedstock for
ethanol production due to their cheaper cost, easy availability,
easy processability, non-hazardous, non-abrasive, recyclable and
environmental friendly nature. The aim of the present study is to

2215-017X/®© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CCBY-NC-ND license (http://cieativecommons.org/licenses/by-nc-nd/3.0/).
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Seaweeds are highly productive, macroscopic organisms inhabiting the marine environment which af-
fords the shelter for a variety of microorganisms. However, the existence and functional significance of
biofuel related enzyme producing bacterial groups are poorly understood. This study deals with the
lignocellulosic biomass breakdown capability of the phylogenetically diverse microbial communities
from the Eucheuma cottonii by their biofuel related enzymes. The lignocelluloses depolymerizing multi-
enzyme complex, such as lignin peroxidase, xylanase and cellulases were present in all the 13 microbial
isolates belonging to the genera Brachybacterium, Brevibacterium, Halomonas, Kokuria, Micrococcus,
Nocardiopsis, Pseudomonas and Streptomyces. Their enzymatic saccharification level varied from 46 to
84% for the paddy straw and 48—83% for the biomasses of sorghum. The residual reducing sugar con-

Seaweed version rate was comparatively similar when ammonia pretreated and non-pretreated biomasses were
Saccharification subjected to enzymatic saccharification. Their efficient exo-, endo-acting cellulolytic and hemicellulolytic
Cellulase enzyme secretion in an active form is an emerging resource for the biofuel production by the potential of
Xylanase recycling the lignocellulosic biomasses.

© 2014 Elsevier Ltd. All rights reserved.
Introduction environment which metabolizes a wide range of biomass sub-

Lignocellulose is the most abundant renewable biomass pro-
duced by the plants which constitutes the complex structure
imposed by the polymeric components such as cellulose, hemi-
cellulose and lignin. All these polymeric components can be dis-
integrated by the enzymes with cellulolysis, lignolysis and
hemicellulolysis effect and results in the release of fermentable
sugars that can be further used as a source material for the biofuel
i.e. cellulosic ethanol production. The biomass feedstocks for
ethanol not only derived from harvested agricultural field crops,
but also from waste residues of agricultural land crops and forest
waste residues.

The microbial enzymes play an essential role in saccharification
of plant biomass into fermentable sugars. However the cost of the
commercial enzymes is a major barricade in determining the
economy of cellulosic ethanol conversion process (Banerjee et al.,
2010). Lignocellulolytic microorganisms are widespread in the

* Corresponding author. Tel.; +91 452 2459480.
E-mail addresses: jsolomon_mrna@yahoo.com, get_rob2001®yahoo.com
(SRD. Jebakumar).

http://dx.doi.org/10.1016/).1biod . 2014.08.007
0964-8305/© 2014 Elsevier Ltd. All rights reserved.

strates (Mosier et al., 2005). The cellulose can be converted into
simple, reducing sugar by the saccharification methods based on
physical-chemical or enzymatic process and enzymatic saccharifi-
cation is the promising one when considering the economic and
environmental issues. Present day research focused on finding the
efficient lignocellulolytic enzyme systems with the main aim of
sustainable bioconversion. While the most thoroughly studied
cellulases were reported from fungal organisms like Trichoderma,
Aspergillus and anaerobic bacteria like Clostridium (Galperin,
2008; Maki et al.,, 2009) relatively little is known about the cellu-
lase enzyme producing aerobic bacteria distributed in the marine
inhabitants or the environment. Discovering the lignocellulolytic
enzymes in bacterial isolates from unexplored marine resources
will facilitate the conversion of plant biomass into value added
products like biofuels.

Seaweeds are highly persistent, productive and abundant eu-
karyotes that are widespread in the marine environment and also
host a broad range of phylogenetically distinct microbial commu-
nities (Staufenberger et al., 2008). While many of their growth
parameters making them a resource material in finding the alter-
nate biofuel production (Candra et al,, 2011), the specific microbial
inhabitants with significance in biofuel conversion strategies and
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ABSTRACT

Antibiotic drug resistance was increasing among pathogens in recent years, so there is an emergency in need
of new drugs to be developed. Bioactive compound from the natural sources can be used as a hit molecule in
the development of the new drug candidate against the drug resistant pathogens. In this study, eight isolates
was obtained from marine sediment that was collected from van island of Tuticorin district, Tamil Nadu,
India. The isolate S8 showed inhibitory effect against Staphyloccus aureus ATCC 6538 in both well
diffusion and disc diffusion methods. From the molecular analysis, the antagonist isolate S& was found to be
Streptomyces sp. which was confirmed using the morphological and cultural characteristic and it was named
as Streptomyces sp S8. The maximum antibacterial activity was obtained when the media consists of starch
(2% w/v), tryptone (1% w/v), 3%-4% NaCl concentration and at the neutral pH. Purification of bioactive
components was carried out using the chromatography techniques. A maximum absorbance of the partially
purified compound from isolate S8 was at 260-270 nm respectively. FTIR and GC MS analysis also
confirmed the presence of the carboxyl and keto functional groups revealed the presence of compounds with

antimicrobial and anti-oxidant property.

Keywords: Marine Environment, Streptomyces sp, Staphylococcus aureus, antibacterial activity

INTRODUCTION

Multidrug resistance pathogens emerged due to continuous exposure of antibiotics in treatment against
pathogens and further resistant was enhanced by self-medication, utilizing antibiotics for other purpose
rather than health care system. New and effective lead compounds from natural resources have to be
discovered hastily in order to compete against multidrug resistant pathogens. In general, two third of the
earth surface was covered by marine environment. Marine environment has the resources for the discovery
of numerous natural products with potential pharmaceutical properties and these marine natural products are
derived from animals, plants and microorganisms (Aneiros and Garateix, 2004). The biomass of the marine
sediments predominantly constitutes the microorganisms which are playing a key role in nutrient cycling,
metabolism of pollutants and secondary metabolite production. Antibiotics from natural source, can be
either bactericidal or bacteriostatic and most of them are derived from bacteria or fungi (Fenical and Jenson,
2006). Streptomyces are the filamentous, Gram-positive, spore forming bacteria that can synthesize different
kind of biologically important therapeutic compounds. The members belonging to the Streptomyces from the
unexploited marine sediment harbors the unexplored compound with unique chemical diversity for
pharmaceutical lead compounds when compared to the terrestrial microbes. The antimicrobial natural
products biosynthesized by the marine Streptomyces have immense applications in the human and veterinary

medicine to treat infectious diseases caused by MDR pathogens.

MATERIALS AND METHODS

Isolation and screening of the antagonistic isolate
The marine sediment sample was collected from Van Island, Tuticorin district of Tamilnadu, Indiz. The

standard serial dilution method was done to isolate actimomycetes strains in the Actinomycetes isolation
medium. The screening of the isolate with antibacterial activity was carried out using well diffusion and disc

diffusion method against Staphylocuss aureus ATCC 6538 culture.
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Dr.N.G.P Arts and Science College ™ ipsr solutions |td
Coimbatore | Tamil Nadu | India g
&
ipsr solutions limited

CERTIFICATE

This is to certify that
SaranyaSomasundaram
has participated in the

One Day Workshop on Outcome Based Education (OBE)

organisedbyDr.N.G.PArtsandScienceCollege,Coimbatore in

association with ipsr solutions limited

on04 March 2023
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Dr. Mendus Jacob Prof. Dr. V. Rajendran

MD & CEO, ipsr solutions limited, India Principal

Director - Valin UK, USA & Canada Dr.N.G.P. Arts and Science College (Autonomous)

Professor & Director, MCA Dr. N.G.P. Nagar, Kalapatti Road, Coimbatore, Tamil Nadu 4
Marian College, Kuttikkanam, (Autonomous) y.
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KONGUNADU ARTS AND SCIENCE COLLEGE =~

(Autonomous) ubilee
Re-accredited by NAAC with A* Grade - 4™ cycle, College of Excellence (UGC) V
29'" Rank among Colleges in NIRF 2023
G. N. Mills, Coimbatore - 641 029, Tamil Nadu, India

ONE DAY HANDS-ON TRAINING & WORKSHOP ON “NETWORK PHARMACOLOGY FOR DRUG DISCOVERY”

ORGANIZED BY THE DEPARTMENT OF BIOCHEMISTRY
SPONSORED BY INDIAN SCIENCE CONGRESS ASSOCIATION, COIMBATORE CHAPTER

CERTIFICATE OF PARTICIPATION

This is to certify that Dr/Mr/Mrs._ Dr. & SARANYA L ASSISTANT PROFESSOR,

BloTECHNO LOGY Dy. N1 -P- ARTS AND SCIENCE colLLEaE X COo0IMBATORE

has actively participated in the One Day Hands-on Training & Workshop on “Network

Pharmacology foi ry"” organized by the Department of Biochemistry, Kongunadu

Arts and Science College (Autonomous), Coimbatore, in association with INDIAN SCIENCE

CONGRESS ASSOCIATION, Coimbatore Chapter on 21.12.2023.

Dr. M. LEKESHMANASWAMY

Principal

Dr. M. SANTHOSHKUMAR Dr. R. T. NARENDHIRAKANNAN Dr. V. SELVI

Convenor

Coordinator Coordinator
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PSGR Sl
Krishnammal College for Women KCW

DST FIST PG COLLEGES (LEVEL A)
NEW DELHI |

CERTIFICATE OF PARTICIPATION

This is to certify that DA. & SARANYA , ASSISTANT PROFESSOR TN RIOTECHNOLOGY,
—Da. NGIP ARTsS AND SCIENCE COLLEHIE , coMpaTORE

has participated in the wo day workshop on “Equipment Handling (HPLC & NPTA)” on 6 & 7 February, |

2024, organized by the Science Departments (PG), PSGR Krishnammal College for Women

Coimbatore.

AL _olad Fotlea s
DST FIST Co-ordinator Principal
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&~ Dr. R.V. ARTS AND SCIENCE COLLEGE
| f' (Approved by Government of Tamilnadu & Affiliated to Bharathiar University and Accredited by NAAC)
[‘ l } Mettupalayam Road, Karamadai, COIMBATORE - 641 104.
a V. Ramakrishnan R. Sundar
i Managing Trustee Secretary
' Ref:RVASc/ATT - 16274 /2013-2024. Date: 23.02.2024 .
ATTENDANCE CERTIFICATE
==
This is certify that Dr.S.SARANYA, Assistant Professor, Department of
Biotechnology, Dr.N.G.P.Arts and Science College, Coimbatore. Acted as the Chiel Guest of
our Association Meeting held on 23/02/2024 and delivered an Information packed lecture on
FERMENTATION TECHNOLOGY™
A4
L /*/117' 4
- PRINCIPAL
=3 PRINCIPAL,
Da. R.V. ARTS AND SCIENCE COLLEGE
Mettupalayam Main Road,
KARAMADAI-§47 104,
| 72254
T— mail.com Phone : 04254 - 272202, 2
Www.drrvasc.ac.in rvascprincipal@gmatt
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