e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:08/Issue:07/July-2026 Impact Factor- 8.187 Www.irjmets.com

ISOLATION, MOLECULAR IDENTIFICATION, AND ANTIBACTERIAL
POTENTIAL OF MARINE SYMBIOTIC STREPTOMYCES LUTEOGRISEUS
ASSOCIATED WITH THE SEA ANEMONE ANTHOPLEURA SOLA FROM THE
BAY OF BENGAL

M. Dilleswari*!, Koneru Neha*?, Mani Gudivada®3

“1L23Department Of Zoology, Andhra University, Visakhapatnam, India.

ABSTRACT

The rapid emergence of antimicrobial resistance has intensified the search for novel antimicrobial compounds
from natural sources, particularly marine microorganisms associated with invertebrate hosts. Marine symbiotic
bacteria have evolved unique metabolic capabilities that enable the production of structurally diverse
secondary metabolites with significant pharmaceutical potential. In the present study, culturable bacterial
symbionts associated with the sea anemone Anthopleura sola collected from the Visakhapatnam coast, Bay of
Bengal, India, were isolated and evaluated for their antibacterial activity. Tissue homogenates were serially
diluted and cultured on marine agar, yielding twelve morphologically distinct bacterial isolates (ZSA-01 to ZSA-
12). Antibacterial activity was assessed against six human pathogenic bacteria, namely Staphylococcus aureus,
Bacillus subtilis, Micrococcus luteus, Escherichia coli, Salmonella typhi, and Pseudomonas aeruginosa, using the
agar well diffusion assay. Among the isolates, ZSA-04 exhibited the strongest antibacterial activity against both
Gram-positive and Gram-negative bacteria. Molecular characterization of ZSA-04 was performed using 16S
rRNA gene sequencing. Sequence analysis revealed a 1505 bp gene with a GC content of 59.1%, and BLAST
analysis demonstrated 100% sequence identity with Streptomyces luteogriseus strain ZG728. Phylogenetic
analysis further confirmed the close evolutionary relationship of the isolate with Streptomyces luteogriseus
strain EGBT-401. The findings demonstrate that Anthopleura sola harbors bioactive symbiotic bacteria with
promising antibacterial potential and reinforce the importance of marine Streptomyces as valuable sources of
novel antimicrobial metabolites. Further purification and characterization of the active compounds are
warranted to explore their pharmaceutical applications.

Keywords: Anthopleura Sola, Marine Symbiotic Bacteria, Streptomyces Luteogriseus, Antibacterial Activity, 16S
Rrna, Marine Natural Products.

I. INTRODUCTION

The continuous emergence of multidrug-resistant bacterial pathogens has become one of the most significant
public health concerns worldwide. Excessive and indiscriminate use of antibiotics has accelerated the evolution
of resistant microorganisms, substantially reducing the therapeutic effectiveness of many conventional
antimicrobial agents. According to the World Health Organization, antimicrobial resistance is among the leading
global health threats and is responsible for increasing morbidity, mortality, and healthcare costs. Consequently,
the discovery of novel antimicrobial compounds with unique mechanisms of action has become a major priority
in pharmaceutical research.

Natural products have historically served as the primary source of clinically important antimicrobial agents.
More than half of the antibiotics introduced into clinical practice have been derived directly or indirectly from
microorganisms, particularly members of the genus Streptomyces. The remarkable biosynthetic diversity of
microbial secondary metabolites continues to provide opportunities for identifying new compounds capable of
combating resistant pathogens. However, extensive screening of terrestrial microorganisms has resulted in
frequent rediscovery of known metabolites, prompting researchers to explore relatively untapped
environments such as marine ecosystems for novel bioactive compounds (Newman and Cragg, 2020).

Marine ecosystems cover more than 70% of the Earth's surface and represent one of the richest reservoirs of
biological and chemical diversity. Marine organisms inhabit environments characterized by fluctuating salinity,
hydrostatic pressure, temperature, and nutrient availability. Adaptation to these environmental conditions has
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driven the evolution of highly specialized metabolic pathways that produce structurally unique secondary
metabolites with antibacterial, antifungal, antiviral, anticancer, anti-inflammatory, and antioxidant activities
(Fenical and Jensen, 2006). Consequently, marine microorganisms have emerged as an important source of
pharmaceutical lead molecules.

Among marine microorganisms, symbiotic bacteria associated with marine invertebrates have attracted
considerable scientific interest. Rather than existing as passive colonizers, these microorganisms frequently
establish mutualistic relationships with their hosts by contributing to nutrient acquisition, chemical defense,
immune modulation, and environmental adaptation. Increasing evidence indicates that many compounds
originally isolated from marine invertebrates are in fact synthesized by their associated bacterial symbionts
rather than by the host organisms themselves (Proksch et al, 2002). These observations have substantially
expanded the scope of marine microbial bioprospecting.

Sea anemones (Phylum Cnidaria, Class Anthozoa) represent ecologically important benthic invertebrates that
support diverse microbial communities. Their associated bacteria occupy external mucus layers, tissues, and
internal compartments, where they contribute to host health through nutrient recycling and protection against
microbial pathogens. The chemical interactions between sea anemones and their associated microbiota have
attracted growing attention because these symbiotic microorganisms often produce secondary metabolites
capable of inhibiting competing microorganisms and potential pathogens. Despite increasing interest in marine
microbial ecology, bacterial communities associated with sea anemones remain comparatively underexplored,
particularly along the Indian coastline.

The sea anemone Anthopleura sola is commonly distributed in intertidal rocky habitats and has been reported
from several regions including the Pacific coast, Sri Lanka, and the eastern coast of India. Although ecological
and taxonomic aspects of A. sola have been investigated, relatively little information is available regarding its
associated bacterial diversity and antimicrobial potential. Considering the urgent demand for new antibiotics,
exploration of bacterial symbionts associated with A. sola may provide valuable candidates for future drug
discovery.

Among marine bacteria, members of the genus Streptomyces are recognized as prolific producers of bioactive
secondary metabolites. They account for nearly two-thirds of naturally occurring antibiotics currently used in
medicine and are also known to synthesize antifungal, antiviral, anticancer, antiparasitic, immunosuppressive,
and enzyme-inhibitory compounds. Marine-derived Streptomyces species frequently possess unique
biosynthetic gene clusters that differ from those found in terrestrial isolates because of adaptation to saline and
environmentally dynamic habitats. Consequently, marine Streptomyces continue to represent one of the most
promising microbial groups for discovering structurally novel antimicrobial compounds.

Molecular identification using the 16S rRNA gene has become the standard approach for bacterial taxonomy
because of its universal distribution, conserved functional role, and ability to discriminate among bacterial
genera and species. Sequence comparison using the National Center for Biotechnology Information (NCBI)
database, together with phylogenetic reconstruction, provides reliable identification of bacterial isolates and
facilitates interpretation of their evolutionary relationships. Integration of molecular taxonomy with
antimicrobial screening therefore provides an effective strategy for identifying promising bioactive
microorganisms.

In the present study, bacterial symbionts associated with Anthopleura sola collected from the Visakhapatnam
coast of the Bay of Bengal were isolated and screened for antibacterial activity against selected human
pathogens. The most potent isolate was identified by 16S rRNA gene sequencing and phylogenetic analysis. This
investigation contributes to our understanding of the cultivable bacterial diversity associated with marine sea
anemones and highlights the pharmaceutical potential of marine Streptomyces as a source of antimicrobial
compounds.

Novelty of the study: To our knowledge, there are very limited reports describing the isolation, molecular
identification, and antibacterial evaluation of tissue-associated Streptomyces luteogriseus from Anthopleura sola
collected from the Visakhapatnam coast of the Bay of Bengal. The study therefore expands current knowledge of
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marine symbiotic bacteria from the Indian coastline and identifies a promising antimicrobial-producing isolate
for future characterization.

IL. METHODOLOGY
2.1 Study Area and Sample Collection

Healthy specimens of the sea anemone Anthopleura sola were collected from the rocky intertidal region of
Tenneti Beach (17°44'48.36" N; 83°20'59.94" E), Visakhapatnam coast, Andhra Pradesh, India, along the Bay of
Bengal. The sampling site is characterized by rocky substrates that support a diverse assemblage of marine
invertebrates. Freshly collected specimens were aseptically transferred into sterile polyethylene zip-lock bags
containing ambient seawater and transported immediately to the laboratory in an insulated container. Prior to
processing, the specimens were washed thoroughly with running tap water followed by sterile distilled water to
remove loosely attached debris, epibionts, and sediment particles. The cleaned samples were stored at —20 °C
until further microbiological analysis.

2.2 Isolation of Tissue-Associated Symbiotic Bacteria

Whole tissues of Anthopleura sola were aseptically cut into small fragments and homogenized in 10 mL of
sterile marine water using a sterile mortar and pestle. The homogenate was centrifuged at 1000 rpm for 5 min,
and the supernatant was collected. Serial ten-fold dilutions ranging from 10™* to 107*° were prepared using
sterile marine water.

Aliquots (100 pL) from appropriate dilutions were spread onto marine agar medium containing peptone (5 g
L), beef extract (3 g L™), yeast extract (15 g L™), sodium chloride (18 g L™*), and agar (15 g L™%), prepared in
sterilized natural seawater. The pH of the medium was adjusted to 7.2 before sterilization by autoclaving at 121
°C for 15 min.

The inoculated plates were incubated at 35 * 2 °C for 48 h. Morphologically distinct colonies differing in size,
pigmentation, margin, elevation, opacity, and surface characteristics were selected and repeatedly streaked on
fresh marine agar plates to obtain pure cultures. The purified isolates were maintained on marine agar slants
supplemented with 1% NaCl and stored at 4 °C with periodic sub-culturing every two weeks for further
analysis.

2.3 Screening of Antibacterial Activity

The antibacterial activity of all purified bacterial isolates was evaluated using the agar well diffusion assay.
Individual bacterial isolates were inoculated into 5 mL marine nutrient broth and incubated at 35 + 2 °C for 24
h in an orbital shaker operating at 120 rpm to facilitate metabolite production. Following incubation, the
cultures were centrifuged at 1000 rpm for 10 min, and the cell-free supernatants were collected for
antimicrobial screening.

The antibacterial activity was evaluated against six human pathogenic bacteria, including three Gram-positive
bacteria (Staphylococcus aureus, Bacillus subtilis, and Micrococcus luteus) and three Gram-negative bacteria
(Escherichia coli, Salmonella typhi, and Pseudomonas aeruginosa). Nutrient agar plates were uniformly seeded
with each test organism using sterile cotton swabs. Wells of 5 mm diameter were prepared aseptically using a
sterile cork borer, and equal volumes of bacterial culture supernatant were dispensed into each well.
Erythromycin served as the positive control.

The plates were incubated at 37 °C for 24 h, after which the antibacterial activity was determined by measuring
the diameter of the clear inhibition zones (mm) surrounding each well using a digital Vernier caliper. All
experiments were performed in triplicate, and the mean inhibition zone was considered for interpretation.

2.4 Molecular Identification of the Potent Bacterial Isolate

Among the twelve bacterial isolates, isolate ZSA-04 exhibited the highest antibacterial activity against the tested
pathogens and was therefore selected for molecular characterization. Genomic DNA was isolated using the
cetyltrimethylammonium bromide (CTAB)-lysozyme extraction method described by Marmur and Doty (1962).
To improve DNA recovery, 1% glycine was added to late logarithmic-phase cultures prior to harvesting. The
bacterial cells were subjected sequentially to lysozyme digestion, proteinase K treatment, sodium dodecyl
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sulfate (SDS) lysis, CTAB extraction, chloroform-isoamyl alcohol purification, and isopropanol precipitation. The
purified DNA pellet was washed with 70% ethanol and resuspended in Tris-EDTA (TE) buffer. DNA
concentration and purity were assessed spectrophotometrically using the A260/A280 absorbance ratio, and
DNA integrity was verified by electrophoresis on 1% agarose gel.

2.5 PCR Amplification of the 16S rRNA Gene

The 16S rRNA gene was amplified using universal bacterial primers 27F (5'-AGAGTTTGATCMTGGCTCAG-3")
and 907R (5'-CCGTCAATTCMTTTRAGTTT-3'). PCR amplification was carried out in a total reaction volume of
25 pL containing 10x PCR buffer, MgCl,, dNTPs, Taq DNA polymerase, forward and reverse primers, and
genomic DNA template.

The PCR conditions consisted of an initial denaturation at 94 °C for 5 min, followed by 40 cycles of denaturation
at 94 °C for 1 min, annealing at 48 °C for 1 min, extension at 72 °C for 2 min, and a final extension at 72 °C for 5
min. Amplified PCR products were separated on 1.5% agarose gel containing ethidium bromide, visualized
under ultraviolet illumination, and photographed using a gel documentation system. PCR products showing a
single band of approximately 1500 bp were purified and subjected to bidirectional Sanger sequencing using the
ABI Prism 3700 DNA Analyzer (Applied Biosystems, USA).

2.6 Sequence Analysis and Molecular Identification

The obtained nucleotide sequence was edited and assembled using standard bioinformatics procedures. The
consensus sequence was subjected to nucleotide similarity searches using the Basic Local Alignment Search
Tool (BLASTn) available through the National Center for Biotechnology Information (NCBI) database. The
closest homologous sequences were selected based on percentage identity, query coverage, and E-value.
Nucleotide composition and GC percentage were calculated using SeqState version 1.21.

2.7 Multiple Sequence Alignment and Phylogenetic Analysis

To determine the phylogenetic position of isolate ZSA-04, homologous 16S rRNA gene sequences retrieved from
GenBank were aligned using the CLUSTALW algorithm. Evolutionary divergence among sequences was
estimated using the Maximum Composite Likelihood method. A phylogenetic tree was constructed in MEGA X
software employing the Maximum Parsimony algorithm with bootstrap analysis of 1000 replicates to evaluate
branch reliability. The phylogenetic tree was used to infer the evolutionary relationship of isolate ZSA-04 with
closely related Streptomyces species.

2.8 Statistical Analysis

All antimicrobial assays were performed in triplicate, and the results are expressed as mean * standard
deviation (SD). Descriptive statistical analyses were performed to summarize inhibition-zone measurements.

I11. RESULTS
3.1 Isolation and Purification of Tissue-Associated Bacterial Isolates

Isolation of tissue-associated bacteria from Anthopleura sola resulted in the recovery of twelve morphologically
distinct bacterial isolates. Following serial dilution and spread plate culturing on marine agar, colonies
exhibiting differences in colony morphology, pigmentation, elevation, texture, and margin characteristics were
selected and purified through repeated streaking. The purified isolates were designated ZSA-01 to ZSA-12 and
maintained on marine agar slants at 4°C for subsequent analyses.

The occurrence of multiple morphologically distinct colonies indicates that A. sola supports a diverse cultivable
bacterial community. Such microbial diversity is commonly associated with marine invertebrates, where
symbiotic bacteria contribute to host defense, nutrient cycling, and production of bioactive secondary
metabolites.

3.2 Screening of Antibacterial Activity

The antibacterial activity of crude culture extracts from the twelve bacterial isolates was evaluated against six
clinically important bacterial pathogens comprising three Gram-positive bacteria (Staphylococcus aureus,
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Bacillus subtilis, and Micrococcus luteus) and three Gram-negative bacteria (Escherichia coli, Salmonella typhi,
and Pseudomonas aeruginosa).

Considerable variation in antibacterial activity was observed among the isolates. Among all isolates, ZSA-04
consistently exhibited the strongest and broadest-spectrum antibacterial activity. The isolate produced
inhibition zones of 25 mm against Staphylococcus aureus, 32 mm against Bacillus subtilis, 25 mm against
Micrococcus luteus, 22 mm against Escherichia coli, and 22 mm against Pseudomonas aeruginosa. No inhibitory
activity was observed against Salmonella typhi.

Other isolates demonstrated comparatively limited antibacterial activity. ZSA-02 and ZSA-07 inhibited Bacillus
subtilis with inhibition zones of 27 mm each. ZSA-01 inhibited Micrococcus luteus (19 mm) and Salmonella typhi
(25 mm), whereas ZSA-06 inhibited Escherichia coli (22 mm). Isolate ZSA-10 showed weak activity only against
Staphylococcus aureus (18 mm). Most remaining isolates did not exhibit detectable antibacterial activity against
the tested pathogens.

Overall, the results demonstrated that isolate ZSA-04 possessed the highest antibacterial potential among all
recovered bacterial isolates and therefore was selected for molecular identification.

Table 1. Antibacterial activity of bacterial isolates obtained from Anthopleura sola

Bacterial isolate | S. aureus | B. subtilis | M. luteus | E. coli | S. typhi | P. aeruginosa

ZSA-01 - - 19 - 25 -

ZSA-02 - 27 - - - -

ZSA-03 - - - - - -

ZSA-04 25 32 25 22 - 22

ZSA-05 - - - - - -

ZSA-06 - - - 22 - -

ZSA-07 - 27 25 19 22 20

ZSA-08 - - - - - -

ZSA-09 - - - - - -

ZSA-10 18 - - - - -

ZSA-11 - - - - - -

ZSA-12 - - - - - -

(-) No detectable inhibition.
3.3 Genomic DNA Isolation and Quantification

Since isolate ZSA-04 exhibited the strongest antibacterial activity, it was selected for molecular characterization
using 16S rRNA gene sequencing.

High-quality genomic DNA was successfully extracted from isolate ZSA-04 using the CTAB-lysozyme method.
The total genomic DNA yield was 623 * 12 ng g™*, while the absorbance ratio (A260/A280) was 1.86 * 0.02,
indicating high purity with negligible protein contamination. The genomic DNA exhibited a G+C molar
percentage of 55.36%. Agarose gel electrophoresis revealed a distinct, intact genomic DNA band without
noticeable degradation, confirming the suitability of the extracted DNA for downstream molecular analyses
(Figure 2).
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Figure 1: Antimicrobial activity of crude extracts from the twelve bacterial isolates. A1, A2)Inhibitory zones of
Staphylococcus aureus, B1, B2) Inhibitory zones of Bacillus subtilis, C1,C2) Inhibitory zones of Micrococcus
luteus, D1,D2) Inhibitory zones of Escherichia coli,E1,E2) Inhibitory zones of Salmonella typhi, F) Inhibitory
zones of Pseudomonas aeruginosa.

Figure 2: Photograph showing bacterial isolate ZSA-04 genomic DNA in 1% agarose gel.
3.4 PCR Amplification of the 16S rRNA Gene
PCR amplification of genomic DNA using universal bacterial primers successfully amplified the 16S rRNA gene

of isolate ZSA-04. Electrophoretic separation of the PCR products on 1.5% agarose gel produced a single,
distinct DNA fragment of approximately 1500 bp, indicating successful amplification of the target gene.

The amplified PCR product exhibited high specificity without nonspecific amplification or primer-dimer
formation. The purified PCR product was subsequently subjected to bidirectional Sanger sequencing for
molecular identification and phylogenetic analysis (Figure 3).
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Figure 3: Photograph showing the PCR amplified 16S rRNA gene band in 1.5% agarose gel
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3.5 Sequence Characteristics of the 16S rRNA Gene

Sequence analysis revealed that the amplified 16S rRNA gene consisted of 1505 base pairs. Nucleotide
composition analysis showed that the sequence contained 337 adenine (22%), 278 thymine (20%), 507
guanine (33%), and 383 cytosine (25%) residues. The overall GC content was 59.1%, consistent with the
relatively GC-rich genomes characteristic of members of the genus Streptomyces (Table 2 &Figure 4).

Table 2: Nucleotide composition of the 16S rRNA gene of isolate ZSA-04

Parameter Value

Sequence length | 1505 bp

Adenine 337 (22%)

Thymine 278 (20%)

Guanine 507 (33%)

Cytosine 383 (25%)

GC content 59.1%

TEGCTCACGACGAAMGETUGOGGOGTUCTTAACACATCCAAGTOGAMGATOGAACCACTTOGGTG
CGOATTAGTOOOOAAMCGOGTGAUTAACACOGTOOGCAA TCTCCOC TACACTUTGOOACANGCOOTG
CAANCGOGGTTTAATACCGOATACTOA CCATTOCAGGCATCTOTGATGO TOGAAAGCTOOUGOOG
TGCAGGA TOAGOCOGCOOOCT A TCAGCT TGT TGO TGAGU TAG TOGCTCACCAAGGUU MG ALGUG
TAGOCGHC CTGAGAGGOCGANCGGOCACACTGGOACTOAGACACGGOOCAGACTOCTADGGGAG
GEAGCAGTGGOGAATATTICACAA TG GOGAAMLCCTGA THC AGUGACGOCGCG TGAGUGUGATGA
COOCCTTCOOGTTGT AMACCTCTTTCAGCAGUIGAAGAAGOGA A AGTGACGGTACCTGOAVGAATAA
GOGCOGGCTAAMTACGTGOCAC AGCUGOCG TAA TACGTAGGGOGOGAGUGTTGTOCGGAATTAT
TAOGOGTAAAGAGCTOOTAGOOGGCTTIOTC ACOTCGOTTOTOAAAGOOOGGOOCTT AN OCOGG
TCTGCAGTUOATACOOGCACGCTAGAGTTOGUTAMGGGACATOCOAATTIOCTOGTUTAGCGOTOA
AATGOGCAGATATCAGGAGOAACACOGOTGOCGAAGOOGGATCTCTOGGOCGATACTGACGC TG
AGGAGOGAA A GTUOGG M GAACAOGATTAGATACCCTGG TAMGTCOACGC OGTA ANCGETGG
GCACTAOGTOTGOOC AACATTCCACGTTCTC OO TOOCOCAGCTANCOCATTAAGTOOCOCOCCTC
GOOMGTACGGOCGCAMKICTAAN ACTCAAGOAATTGMOGEHEHKGOCOGCACAAGOOGOGGALC A
TOTOOCTTAATTOGACCCAALCCOAAGAACCTTACCANMGCTIGACATACACCGOAAALGICTOO
AGAMAGOOOOCOCTTOTGOTOGGTAT ACAGOTGGTGCATGGCTGTOGTOAMCTOGTUTOGTGAG
ATCTTGGOTTAAGTOCOGCAALGAGCGUAACCCTTCTOCOGTGTTGOC AGCAGGOCCTTO TGO T
TOGGOACTCACGGOAGA OCGOOGGGOTCAM TOGGAGOAA GO TOGGOACGACGTCAMITCATUA
TECCCCTTATGICTTOGOCTGCACACGYGUTACAATGGOC GEYACAATGAGCTGUGATACOGCGA
OOTGOAGOCAATETC AAAAAC OGO TCTCAGTTCOOATTOGOOTCTOCAACTCOACCOC A TOAAG
TCGGAGTOGCTAGTAATOGCAGA TCAGUATTGUTGOGGTGAATACGTTCOOHGCCTIG TACACA
COGOCOGTCACGTCALGAAAGTOGGTAACATCCOAACCCOUTGOOCCAACCOCTTUTGOGAGGG A
GCTGTCOGAAGG TUUGACTGGOGATTUGGACG

Figure 4: Nucleotide sequence of ZSA-04 16s rRNA gene (1505 bp).
3.6 BLAST Sequence Analysis

The obtained 16S rRNA gene sequence was subjected to BLASTn analysis against the NCBI GenBank database to
determine its closest phylogenetic relatives.

BLAST analysis demonstrated that isolate ZSA-04 shared 100% nucleotide sequence identity with
Streptomyces luteogriseus strain ZG728 (GenBank accession GQ985454.1) with 100% query coverage and an
E-value of 0.0. Several additional Streptomyces species exhibited sequence similarities greater than 99%,
confirming that isolate ZSA-04 belongs to the genus Streptomyces. The exceptionally high sequence similarity
strongly supported identification of the isolate as Streptomyces luteogriseus (Figure 5).
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Figure 5: GC distribution over theamplified16srRNAgenesequenceofZSA-04.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[153]


http://www.irjmets.com/

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:08/Issue:07/July-2026 Impact Factor- 8.187 Www.irjmets.com

3.7 Multiple Sequence Alignment and Phylogenetic Analysis

Multiple sequence alignment of the 16S rRNA gene of isolate ZSA-04 with homologous Streptomyces sequences
retrieved from GenBank revealed a highly conserved nucleotide sequence with only minor insertions and
deletions among related taxa. Evolutionary divergence analysis indicated pairwise sequence distances ranging
from 0.003 to 0.772, reflecting close genetic relationships among the analyzed species.

Phylogenetic analysis using the Maximum Parsimony method clustered isolate ZSA-04 within the Streptomyces
luteogriseus lineage. The isolate formed a strongly supported clade with Streptomyces luteogriseus strain EGBT-
401 (GenBank accession MG547740.1), confirming its taxonomic placement. The phylogenetic tree further
demonstrated close evolutionary relationships with Streptomyces parvulus, Streptomyces arenae, and
Streptomyces venetus, while maintaining clear separation from more distantly related Streptomyces species.
These findings corroborated the BLAST-based identification and confirmed that isolate ZSA-04 belongs to
Streptomyces luteogriseus (Table 3).

Table: 3. List of selected species sequences used for MSA and phylogenetic study

Total | Query E %

Species Max score|
score cover | value | Ident.

Length

GQ985454.1 Streptomyces

2626 2626 1009 0.0 100 1487
luteogriseusstrainZG728 %

KP986577.1Streptomycessp. DHS C014 2622 2622 100% 0.0 99.93 1475

MG547740.1Streptomyces

2614 2614 999 0.0 99.86 1456
luteogriseusstrainEGBT-401 %

AM180560.1Streptomyces tumenensis 2612 2612 99% 0.0 99.86 1485

KX683294.1Streptomyces

2595 2595 1009 0.0 99.52 1494
luteogriseusstrainRA03 %

MH209254.1Streptomycessparsus

0
strainRHRM30 2585 2585 99% 0.0 99.45 1472

NR_104281.1Streptomyces

2582 2582 9 . . 1484
purpurascensstrain]CM4509 58 58 99% 0.0 99.38 8

NR_041115.1Streptomyces
violaceusstrainNBRC13103

2579 2579 99% 0.0 99.52 1477

KX055838.1Streptomycestuirus strainAR-7 | 2576 2576 99% 0.0 99.45 1456

MZ389914.1Streptomyces

0,
hawaiiensisstrainBOF4P1 2575 2575 99% 0.0 99.24 1476

NR_041068.1Streptomyces

0,
hawaiiensisstrainNBRC12784 2574 2574 99% 0.0 9945 1477

MN901087.1 Streptomycesparvulus
strain2A11

2572 2572 100% 0.0 99.18 1517

NR_112609.1Strept
- reptomycesarenae 2572 | 2572 | 99% 00 | 9945 | 1451

strainNBRC13016
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purpurascensstrainNBRC13349

NR_112521.1Streptomyces

2570 2570 999 0.0 99.38 1473
purpurascensstrainNBRC13077 %

KY072953.1 Streptomycestendae
strainAJ2R

2565 2565 99% 0.0 99.17 1486

MZ433283.1Streptomyces

2564 2564 1009 0.0 99.11 1488
massasporeusstrainCRDUCKO01 o

LC073310.1 Streptomycesvenetus
CMU-AB225

2562 2562 99% 0.0 99.24 1448

AB045889.1Streptomyces steffisburgensis 2562 2562 99% 0.0 99.11 1483

0M746935.1Streptomycesrochei

0
strainBF3A1 2559 2559 100% 0.0 98.97 1473

IV.  DISCUSSION

Marine ecosystems have increasingly been recognized as valuable reservoirs of microorganisms capable of
producing structurally unique secondary metabolites with significant pharmaceutical potential. The present
investigation demonstrated that Anthopleura sola, an intertidal sea anemone inhabiting the Visakhapatnam
coast of the Bay of Bengal, harbors diverse cultivable bacterial symbionts exhibiting varying degrees of
antibacterial activity. Among the twelve bacterial isolates recovered, isolate ZSA-04 exhibited the broadest
antibacterial spectrum and was subsequently identified as Streptomyces luteogriseus through 16S rRNA gene
sequencing. These findings reinforce the growing evidence that marine invertebrates serve as important
ecological niches for bioactive microorganisms capable of producing antimicrobial metabolites (Subramani and
Aalbersberg, 2012; Berdy, 2012).

The recovery of twelve morphologically distinct bacterial isolates from Anthopleura sola indicates that sea
anemones support a diverse cultivable bacterial community. Marine invertebrates continuously interact with
complex microbial assemblages that contribute to nutrient cycling, host defense, and ecological adaptation.
Several studies have demonstrated that bacteria associated with marine cnidarians frequently produce
antimicrobial compounds that protect their hosts against pathogenic microorganisms and biofouling organisms
(Taylor et al., 2007; Hernandez-Agreda et al,, 2017). The bacterial diversity observed in the present study
therefore agrees with previous investigations describing marine invertebrates as reservoirs of metabolically
versatile microorganisms possessing significant biotechnological potential.

Considerable differences in antibacterial activity were observed among the isolated bacteria, suggesting that
antimicrobial metabolite production varies substantially among symbiotic bacterial species. Only a few isolates
exhibited detectable antibacterial activity, whereas isolate ZSA-04 consistently inhibited both Gram-positive
and Gram-negative bacterial pathogens. Such variability is commonly reported among marine bacterial isolates
because the biosynthesis of antimicrobial compounds is highly strain-dependent and is influenced by ecological
competition within the host-associated microbial community (Jensen et al., 2005). Production of extracellular
antimicrobial metabolites enables symbiotic bacteria to compete successfully for ecological niches while
simultaneously providing protective benefits to their host organisms.

The antibacterial assay demonstrated that isolate ZSA-04 exhibited particularly strong activity against Gram-
positive bacteria, especially Bacillus subtilis and Staphylococcus aureus. Gram-positive bacteria generally possess
a relatively simple cell wall consisting primarily of peptidoglycan, which allows antimicrobial compounds to
diffuse more readily into the cell. In contrast, Gram-negative bacteria possess an outer membrane enriched with
lipopolysaccharides that functions as an effective permeability barrier against many antibiotics (Silhavy et al.,
2010). Consequently, the comparatively lower inhibition observed against Escherichia coli and Pseudomonas
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aeruginosa is consistent with the intrinsic resistance mechanisms commonly exhibited by Gram-negative
bacteria. Similar antibacterial spectra have been reported for several marine-derived Streptomyces species
producing polyketides, peptide antibiotics, and other bioactive secondary metabolites (Subramani and Sipkema,
2019). An important outcome of the present investigation was the molecular identification of the most active
isolate as Streptomyces luteogriseus. Members of the genus Streptomyces are widely recognized as the most
prolific producers of naturally occurring antibiotics, accounting for approximately 70% of all clinically
important microbial secondary metabolites (Berdy, 2012). Besides antibiotics, Streptomyces species synthesize
diverse compounds exhibiting antifungal, antiviral, anticancer, antioxidant, antiparasitic, immunosuppressive,
and enzyme inhibitory activities (Barka et al.,, 2016). Identification of S. Iuteogriseus from Anthopleura sola
therefore provides strong evidence that sea anemones represent promising reservoirs of pharmaceutically
important actinomycetes. The 16S rRNA gene sequence analysis provided reliable taxonomic identification of
isolate ZSA-04. BLAST analysis demonstrated 100% sequence similarity with Streptomyces luteogriseus, while
phylogenetic analysis clustered the isolate with closely related Streptomyces strains supported by high
bootstrap values. Molecular identification using the 16S rRNA gene has become the standard approach for
bacterial taxonomy because the gene contains highly conserved as well as variable regions that facilitate
accurate discrimination among bacterial taxa (Clarridge, 2004). Integration of molecular characterization with
antimicrobial screening substantially increases the scientific reliability of microbial bioprospecting studies and
enhances reproducibility.

The relatively high GC content observed in the amplified 16S rRNA gene is characteristic of members of the
phylum Actinobacteria, particularly the genus Streptomyces. High genomic GC content has frequently been
associated with large genomes containing numerous biosynthetic gene clusters responsible for secondary
metabolite production (Bentley et al.,, 2002). Genome sequencing studies have shown that marine Streptomyces
species possess dozens of cryptic biosynthetic pathways capable of synthesizing structurally diverse
antimicrobial compounds under suitable environmental conditions. Therefore, although only antibacterial
activity was evaluated in the present investigation, the isolate may possess additional biosynthetic capabilities
that remain unexplored.

Marine-derived Streptomyces species have attracted considerable attention because environmental adaptation
to saline ecosystems often results in the evolution of unique biosynthetic pathways absent in terrestrial
relatives. Salinity, osmotic stress, nutrient limitation, and competition within marine microbial communities
stimulate the synthesis of novel secondary metabolites with unusual chemical structures (Subramani and
Aalbersberg, 2012). Consequently, marine actinomycetes have become one of the principal targets in
contemporary natural product research and drug discovery programs.

The antibacterial activity exhibited by S. luteogriseus in the present study is likely attributable to extracellular
secondary metabolites secreted during bacterial growth. Members of the genus Streptomyces are known to
produce diverse classes of antibiotics, including aminoglycosides, anthracyclines, B-lactams, macrolides,
tetracyclines, glycopeptides, and polyketides (Barka et al., 2016). Although the chemical nature of the
antimicrobial compounds produced by isolate ZSA-04 was not investigated in the present study, the broad-
spectrum antibacterial activity observed strongly suggests the production of one or more bioactive metabolites
deserving further chemical characterization.

The present investigation also emphasizes the importance of exploring marine symbiotic microorganisms from
the Indian coastline. Despite India's extensive coastline and remarkable marine biodiversity, comparatively few
studies have investigated the antimicrobial potential of bacteria associated with marine cnidarians. Most
marine bioprospecting efforts have focused primarily on sponges and marine sediments, whereas sea anemone-
associated microorganisms remain relatively underexplored. The isolation of Streptomyces luteogriseus from
Anthopleura sola therefore contributes valuable information regarding the cultivable microbial diversity
associated with Indian marine invertebrates.

Although the findings demonstrate promising antibacterial activity, several limitations should be acknowledged.
The antimicrobial metabolites responsible for bacterial inhibition were not purified or chemically
characterized. Likewise, minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC),
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cytotoxicity, and metabolomic analyses were beyond the scope of the present investigation. Future studies
should therefore focus on purification of the active metabolites, structural elucidation using chromatographic
and spectroscopic techniques, whole-genome sequencing to identify biosynthetic gene clusters, and evaluation
of the compounds against clinically relevant multidrug-resistant pathogens.

V. CONCLUSION

Overall, the present study demonstrates that Anthopleura sola harbors cultivable symbiotic bacteria with
considerable antibacterial potential. Identification of the most active isolate as Streptomyces luteogriseus further
supports the growing recognition of marine actinomycetes as important sources of biologically active secondary
metabolites. Continued exploration of marine microbial diversity, particularly microorganisms associated with
underexplored marine invertebrates, is expected to facilitate the discovery of novel antimicrobial agents
capable of addressing the increasing global challenge of antimicrobial resistance.
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