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Abstract: The study involved isolating and screening Streptomyces species from marine soil and
evaluating their antibacterial activity. They produce the bulk of antibiotics and differ significantly in
appearance, physiology, and metabolic processes. The soil sample collected from marine sources
yielded four actinomycete types, and the isolate VR3 from Marakkanam Beach showed strong
antibacterial activity and was selected for further investigation. The spore chain structure of the
Streptomyces phaeolivaceus strain VR3 revealed that the spores were simple, transverse, Gram-
positive, and smooth-surfaced. The aerial mycelia of the isolate, while cultivated on various media,
were generally white, whereas the substrate was creamy white. The isolated VR3 showed antibacterial
activity against Escherichia coli (9 mm), Staphylococcus aureus (7.5 mm), Proteus mirabilis (7.7 mm),
Pseudomonas aeruginosa (7 mm), and Klebsiella pneumoniae (4.5 mm) at a concentration of 3.5mg/ml.
The minimum inhibitory concentration of the isolate VR3 was 0.531 mg/ml for Escherichia coli and
Pseudomonas aeruginosa, 1.062 mg/ml for Staphylococcus aureus, 0.265 mg/ml for Proteus mirabilis,
and 2.125 mg/ml for Klebsiella pneumoniae.
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1. Introduction

Actinomycetes are commonly found and can live in harsh conditions [1]. Gram-
positive, filamentous bacteria with a fungal shape are known as actinomycetes. They are
abundantly dispersed in the natural world, especially in soil [2]. Because of their ability to
synthesize numerous natural chemicals and to adapt to extreme environments, microbes in
extreme habitats have attracted significant interest [3]. Because they develop slowly compared
to common conditions, actinomycetes from diverse environments, such as saltwater habitats,
are exceedingly challenging to cultivate. The selection of the screening source, the chosen
medium, the growing environment, and the isolation and identification of potential colonies
are all important considerations in standard isolation approaches [4]. One of the most useful
prokaryotic bacteria for biotechnological purposes is the actinomycete. They are well
recognized as a source of bioactive compounds and antibiotics. It has been confirmed that the
majority of their bioactive compounds exhibit antibacterial (streptomycin, tetracycline, and
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chloramphenicol), antifungal (nystatin), antiviral (tunicamycin), and antiparasitic (avermectin)
characteristics [5,6]. The most commercially and biotechnologically useful prokaryotes are
actinomycetes, which may create a variety of biologically active secondary metabolites,
including enzymes, anticancer agents, antibiotics, and immunosuppressive compounds.
Various bioactive compounds are extracted from several Actinomycetes species that possess
well-documented biological activities, including antifungal, antibacterial, antimalarial,
anticancer, and anti-inflammatory properties. Similarly, Actinomycetes can produce various
bioactive naturally occurring substances, including cellulose, xylanase, cosmetics, nutritional
supplements, insecticides, antibiotics, herbicides, and antiparasitic agents [8]. These are
saprophytic, unlimited microorganisms that are a key ingredient in the synthesis of antibiotics
[9]. In 1984, the first marine Actinomycete was identified [10, 11], and numerous new marine
Actinomycete species have since been discovered in aquatic habitats worldwide [12-17].
Actinomycetes have population sizes that vary with physicochemical factors such as pH,
temperature, total organic carbon, salinity, pressure, etc. [10]. The diverse chemical structures
and conformations of bioactive compounds from marine actinomycetes may facilitate the
development of innovative medications with the potential to combat various drug-resistant
illnesses [18]. Actinomycetes from various settings are being screened for their capacity to
produce new bioactive components because the occurrence of novel bioactive substances
identified from terrestrial Actinomycetes decreases over time. Actinomycetes isolated from the
marine environment have been shown to be biologically active and adapted to life in water.
Streptomyces is particularly prolific and may produce numerous bioactive molecules and
antibiotics [19, 20]. Because of their unique chemical properties, the bioactive compounds
produced by marine actinomycetes may be used to develop novel treatments for various chronic
diseases that are resistant to existing drugs [21-24]. The main genus of Actinobacteria,
Streptomyces, is an aerobic, gram-positive filamentous bacterium that forms spores. They
generate a thick, leathery, extensively branched substrate mycelium that produces diffusible
pigments [25, 26]. On the other hand, Streptomyces produces aerial hyphae that can split to
form spores resistant to adverse conditions and readily transported to alternative locations and
nutrient sources when conditions are restricted [27]. They have arthrospore chains on their
aerial mycelium, and the Guanine and Cytosine composition of Streptomyces genomes ranges
from 69 to 78% [28]. About 40% of all bioactive secondary compounds are produced by
Streptomyces species, making it crucial for drug discovery [29]. Due to their inhibitory
properties, many Streptomyces produce over 6,000 bioactive secondary metabolites, which are
used in medical applications, including antimicrobials [30]. The Streptomyces genus is
recognized for producing medically tested antibiotics and other chemotherapeutic drugs [31-
33]. The genomes of Streptomyces, which are relevant to ecology, biotechnology, and
veterinary medicine, were sequenced, and it was found that their morphological, biochemical,
and genetic variability accurately reflects their diversity [34]. In addition to a wide range of
naturally occurring bioactive substances, such as antifungals, antivirals, anti-hypersensitivity,
and anticancer [35, 36]. They also manufacture other molecules that are harmful to competing
bacteria [37,38]. Various studies have recently focused on isolating Streptomyces, bacteria that
produce antibiotics, from coastal environments [39]. Streptomyces-produced bioactive
substances are used as biological control agents and to treat human and animal ailments. They
are also well-known manufacturers of medicinal, agrochemical, and industrial enzymes [40].
Numerous modes of action are exhibited by Streptomyces antimicrobial substances, including
membrane function disruption, suppression of cell wall production, and interference with
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nucleic acid biosynthesis [41]. They are crucial for the breakdown of organic matter, carbon
recycling, and the improvement of soil fertility [42-44]. The emergence of antimicrobial
resistance in bacteria to frequently prescribed antibiotics and antifungal medications has
created a need for novel chemicals, and members of the genus Streptomyces provide possible
lead molecules [45]. The study aimed to separate, recognize, and describe the Streptomyces
species found in marine soil samples.

2. Materials and Methodology

2.1. Isolation of microbial strain.

The soil sample was collected from the coastal region of Marakkanam, Viluppuram
district, Tamil Nadu. At a depth of 25 cm, soil samples were aseptically taken, and factors
including pH and temperature were recorded at the time of sample collection.

2.1.1. Pre-treatment of soil samples.

After air drying, the collected soils were sieved to remove debris. The dry dirt was
covered with 1% calcium carbonate and left overnight. The dirt was isolated, dried for two

hours at 60°C, and used for further study.

2.2. Morphological study.
2.2.1. Isolation of actinomycetes from the marine soil sample.

The starch-casein agar medium was prepared and sterilized for 15 minutes at 121 °C.
Subsequently, 20 pg/1 of tetracycline and 50 pg/l of amphotericin B were added to inhibit
bacterial and fungal growth. The SCA media was poured into the sterilized Petri dishes, and
then 9 ml of sterile, double-distilled water and 1g of marine soil sample were mixed. The
samples were again serially diluted to 10-6, and 0.1 of the diluted samples were spread on agar
plates. The inoculated petri plates were incubated at 30°C for up to one week. The purified
isolates were used for streaking colonies on a new plate of SCA medium using sterile wire
loops. The isolated pure cultures of Streptomyces species were transferred to the SCA slants
and stored at 4°C for further use. The fresh bacterial colonies were kept alive in 20% glycerol
and stored at freezer conditions for future studies (Figure 1) [46].

Starch casein agar medium was used for
isolation of Actinomycetes

¥

Serial dilution - one gram in 9ml sterile water (10
to 10

v

Spread plate technique was used; the plates were
incubated for 10 days at 30°C

V

Single colonies were isolated. Pure Colonies were
isolated using the quadrant streaking method
using SCA media

v

Culture stored in ISP 2 slants at 4°C and
20% glycerol stock at freezer condition

Figure 1. Schematic representation of a Streptomyces strain isolated from a marine soil sample.
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2.2.2. Morphological characterization.

Actinomycete strains were characterized morphologically using a magnifying glass on
a starch-casein agar plate after 5 to 14 days of culture. Colony morphology was observed
regarding aerial color, aerial mycelium, size, colony type, reverse side color, and pigmentation.
Isolates were examined under a microscope.

2.2.3. Gram staining.

Each isolate was converted into a thin smear and heat-fixed on a clean glass slide. The
smear was then stained for 1 minute with crystal violet, rinsed with water, and inspected with
Gram stain iodine. The slide was washed with tap water and alcohol used for the study. The
smear was decolored before being counterstained with safranin. The slide was then cleaned,
air-dried, and viewed under a microscope.

2.2.4. Acid-fast staining.

The acid-fast staining method was used to visualize the actinomycete colony. A thin
coating of the isolate was spread out and heated on a clean glass slide. After three to four
repetitions of the procedure for 5 minutes, the slide was washed with water, and the smear was
counterstained with methylene blue for 60 seconds. The slide was then decolorized using acid
alcohol for 30 seconds. After washing the smear under running water, it was air-dried.

2.2.5. Slide culture method.

The sporulation pattern and chain architectures were studied using the slide culture
technique. A 24-hour-old strain of Streptomyces species was placed at the spot where the sterile

coverslip was inserted over the glass slide, followed by incubation for 7 days at 30°C at an

angle of 40° in starch casein agar medium. After that, the glass slide and the Streptomyces

growth were carefully removed and placed on an additional glass slide that had been previously
lactophenol blue-stained. The slide was examined under a 100x light microscope to study the
spore surface morphology.

2.3. Molecular characterization.

2.3.1 DNA isolation of the Streptomyces isolates

The Actinomycete strains were cultivated twice using Tris EDTA buffer after reaching
the late exponential stage in Starch Casein broth at 28 £+ 2°C. 500 ul of 5 M solutions of sodium
chloride were mixed with 0.5-1.0 g of resuspended cells in 5 ml of lysis buffer (25 mM Tris,
25 mM EDTA, pH 8.0; 10-15 pg lysozyme, and 50 g/ml Rnase) to retrieve chromosomal DNA.
This procedure took 30-80 min at 37°C. The suspension was thoroughly stirred in a vortex
mixer until it became translucent. The cells were lysed following the injection of 1.2 ml of 10%
SDS. For 15 to 30 minutes, the lysates were incubated at 65°C. After adding 2.4 ml of 5 M
potassium acetate, the mixture was stirred and allowed to sit on ice for 20 minutes. The resultant
solution was centrifuged for 30 minutes at 6,000 rpm to get 8 ml of supernatant. The DNA was
extracted by precipitation with 2 liters of isopropanol. The residue was dissolved with 700 I/g
of 50 mM Tris and 10 mM EDTA (pH 8.0). After spinning off insoluble materials, the aqueous

phase was collected into a 1.5 ml microfuge tube. After adding 500 pl of isopropanol and 75
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ul of 3M sodium acetate, the solution was centrifuged for 30 to 2 minutes. After being dried
and dissolved in 100 pl of T.E. (10 mM Tris/I mM EDTA, pH 8.0), the residue was washed
with cold 70% ethanol [47].

2.3.2. 16S rRNA PCR amplification.

A combination of 12.5 ul of sterile, deionized, distilled water (28.1 nmol) of the
upstream primer (5 AGAGTTTGATCCTGGCTCAG 3') and 32.3 nmol of the downstream
primer (5' GGTTACCTTGTTACGACTT 3') Four microliters (ul) of a 10X PCR premix Kit,
including reaction buffer 1x, gel loading buffer 1X, dNTPs mix (2.5 mM each), i-Star Taq
DNA polymerase (2.5 U/ul), and one microliter (50 ng) of actinomycete template DNA, were
placed in a 0.5 ml microcentrifuge tubes. The 20 ul mixture was gently spun in a tube for 10
seconds, and then the particles were allowed to settle. The Eppendorf PCR thermal cycler was
used to store the samples. The 35 cycles of the amplification were performed as follows: primer
annealing for 60 sec at 55°C, denaturation for 60 sec at 94°C, and polymerization for 45 sec at
72°C. At 72°C for 10 minutes, the tube's full polymerization was ensured. 2 ul of PCR products
were loaded onto a 1% agarose gel and subjected to electrophoresis for 45 minutes at 50 volts.
A UV transilluminator was used for gel observation, and the results were compared with a 1
Kb DNA ladder [48].

2.3.3 Nucleotide sequence accession.

The standard protocol was used to isolate and sequence the DNA of the bacterial
species. The morphological and sequencing results confirmed that the selected strains belonged
to different genera, and the generated raw data were submitted to GenBank. The submitted
gene sequence was confirmed as Streptomyces phaeolivaceus strain VR3 Bacterial species, and
the accession number was 0Q121828.

2.3.4 Phylogenetic analysis

Using the website http://www.ncbi.nih.gov/genebank, the reference sequences required
for comparison were retrieved from the EMBL database. All sequences were aligned using the
multiple-sequence alignment tool Clustal W, developed by Higgins et al. (1992). The manually
aligned sequences were grouped into blocks of 250 base pairs per row, gap-checked, and then
stored in the format used by MEGA 4 [49]. The phylogenetic tree was constructed using the
neighbor-joining method, and each clade support was evaluated using a 1,000-replication
bootstrap analysis [50, 51].

2.4. Biological analysis.
2.4.1. Antibiotic sensitivity.

Actinomycete lawn cultures were established on starch-casein agar. The media was
covered with the antibiotic discs that were chosen. The plates performed room-temperature
incubation. The zone of inhibition was measured and classified as sensitive or resistant after
24 hours of incubation [52].
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2.4.2. Optimization of growth conditions.

Optimization of culturing conditions was based on the screening results from the
secondary screening. The incubation process was carried out at the following conditions: 4°C,
10°C, 15°C, 25°C, 30°C, 37°C, 42°C, 45°C, 50°C, and 60°C. To enhance the salt content,
various concentrations of marine salt (20 g, 40 g, 60 g, 80 g, and 100 g per liter) were used,
and the cultures were incubated at 28°C. The Optimization of culture development at different
pHs as 4, 5, 6, 7, 8, and 9 was noticed at 28°C [53].

2.4.3. Organisms tested for biological analysis.

Bacterial and fungal cultures were obtained from the Microbial Type Culture Collection
(MTCC) and American-type culture collections (ATCC). Bacterial cultures (Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Proteus mirabilus), Fungal cultures (Aspergillus
niger, Candida albicans). The cultures were maintained on slants and stored at 4 °C. These
strains were subcultured every three months to maintain their viability [54].

2.4.3.1. Screening for biological characterization.

The cross-streak technique evaluated the Actinomycetes' capacity to produce
antimicrobials [55]. On the surface of the altered Bennett's agar plate, a single streak of
actinomycetes was formed and incubated at 30°C. The pathogens (Pseudomonas aeruginosa,
Escherichia coli, Proteus mirabilis, and Staphylococcus aureus) were streaked at a right angle

to the first streak of actinomycetes and incubated at 37°C after observing a fine ribbon-like

formation of the actinomycetes on the Petri dishes. We assessed the zones of inhibition after
24 hours and 48 hours. The actinomycetes that produce antimicrobial chemicals were selected
based on the presence or absence of zones.

2.4.3.2 Optimisation of Microbial Growth and Production of Bioactive Metabolites

Bioactive metabolites from Actinomycete were extracted using various media
compositions and listed in Table 3.3. 500 ml culture media were initially placed in one-liter
Erlenmeyer flasks for fermentation. A loopful of cell culture from a pure colony was utilized

as an inoculum. The cell cultures were kept at 28°C and 180 rpm of agitation for 15 days. Every

two days, 10-20 milliliters of each sample were collected, and the supernatant was separated
by centrifuging the sample for 15 minutes at 10,000 rpm. Subsequently, the supernatant was
passed through a Millipore filter (0.45um) to collect samples free of cells. The well-diffusion
assay was used to assess the antibacterial properties of each cell-free supernatant [56]; 50—
200ul of the sample was added to each well and examined. All test microbes were used to
evaluate the antimicrobial activity, as shown in Table 3.0. The well-diffusion assay modified
the Schillinger and Lucke (1989) approach. The actinomycete strains with the strongest
antagonistic activity were selected and tested against harmful bacteria and fungi. The selected

strains were cultured individually for 7 days at 30°C and 180 rpm in 500 ml conical flasks

containing 200 ml of starch casein broth. The microbial residue was separated through a
Millipore filter (0.45 m) followed by incubation to get cell-free extraction. The filter was used
under 33 aseptic conditions to preserve it for further testing in the conical flasks. Three yeast-
like fungi and five clinically significant pathogenic bacteria were inoculated into S.D.A. and
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M.H.A., respectively. On top of the identically grown media, the bacterial isolates were
dispersed. The sterile cork borer wells, 5 mm in diameter, were obtained after solidification. A
separate quantity of cell-free filtrate (25 pl) was placed into the wells and incubated at 37°C
for 24 hours. After incubation, the antimicrobial activity of the actinomycete strain was
analyzed by measuring the inhibition zone diameter around the wells [59].

2.5. Preparation of organic extracts.

Cultures of Streptomyces isolates were inoculated into 25 mL of yeast tryptone extract
medium (ISP1) and grown for 21 days. The cell-free broth was filtered through 0.22 um syringe
filters, and the metabolites were extracted with an equal volume of ethyl acetate. After shaking
vigorously for 30 min, the mixture was allowed to stand in a separatory funnel to separate the
2 phases. The organic layer was removed and heated at 50°C [60]. For additional examination,
the dried extract was weighed, reconstituted in 1 mL of double-distilled water, and sterilized
using 0.22 um syringe filters [61].

2.6. Determination of minimal inhibitory concentration.

The M.I.C. was ascertained in a 96-well microplate using Muller-Hinton broth after
dissolving 40 mg of crude extract in 200 pl of DMSO [57].

3. Results and Discussion

3.1. Isolation of actinomycetes from a marine soil sample.

Five different media, broth-like starch casein broth, yeast malt extract broth (ISP-2),
oatmeal broth (ISP-3), inorganic salt starch broth (ISP-4), glycerol asparagine broth (ISP-5),
and nutrient broth were used for the isolation of the actinomycetes isolates from the sample.
On starch casein agar, the actinomycete isolates were seen as morphologically different
colonies (Figure 2). The majority of the actinomycete isolates belonged to the genus

Figure 2. Isolation of marine Actinomycetes.

Table 1. Cultural characteristics of Streptomyces phaeolivaceus VR3 on various culture media.

Si. No Test Properties Media
Growth Excellent
Aerial mycelium White .
1. - - Starch casein agar (SCA
Substrate mycelium Yellowish brown gar ( )
Pigmentation Nil
2 Growth Moderate Yeast malt extract broth (ISP-2)
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Si. No Test Properties Media
Aerial mycelium White, Pale grayish
Substrate mycelium Pale yellow, brown
Pigmentation Nil
Growth Good
3 Aerial myceliu.m Whitish Oatmeal broth (ISP-3)
Substrate mycelium Pale yellow
Pigmentation Nil
Growth Excellent
4 Aerial mycelium Whitish Inorganic salt starch broth (ISP-
' Substrate mycelium Yellow to slightly brown 4)
Pigmentation Nil
Growth Excellent
c Aerial mycelium White to pale creamy Glycerol asparagine broth (ISP-
' Substrate mycelium Yellowish brown 5)
Pigmentation Nil

3.2. Physiological characterization.

The growth of S. phaeolivaceus VR3 isolate was assessed at five different temperatures.
The isolate could not grow at the following tested temperatures: 4°C, 10°C, 50°C, and 60°C.
Instead, it developed optimally at 20°C, 30°C, and 40°C. Up to 6% salinity (NaCl) and pH 7.0
were also favorable growth conditions for the isolate. Among the six antibiotics tested, the
isolate was sensitive only to Bacitracin and Chloramphenicol, and showed resistance to
Amikacin, Ampicillin, Streptomycin, and Tetracycline (Table 2).

Table 2. Antibiotic sensitivity test.

Si. No Tests Streptomyces phaeolivaceus VR3
1. Chloramphenicol Resistant
2. Amoxicillin Resistant
3. Gentamicin Sensitive
4. Streptomycin Sensitive
5. Ampicillin Sensitive
6. Tetracycline Sensitive

3.3. Morphological characterization.

Actinomycetes display a noteworthy variety of macroscopic characteristics, including
the coloration of the spores, aerial and substrate mycelium, and diffusible extracellular
pigments. Actinomycetes are distinguished from the other actinomycete groupings primarily
by their morphology. The Actinomycete was observed in tight spirals with smooth spore
surfaces in both normal and scanning electron microscopic views, as shown in Table 3.

Table 3. Identification and characterization of Streptomyces phaeolivaceus VR3.

Si. No Properties Actinomycetes
1. Sporophore Morphology Spirally twisted
2. Spore mass White
3. Colour of Substrate mycelium Dull yellowish brown color
4. Colour of aerial mycelium Dull white
5. Spore surface Smooth
6. Acid-fast Non-acid-fast
7. Gram staining Positive

3.4. Molecular characterization of Streptomyces species.

Streptomyces sp. molecular characteristics were assessed by amplification of the 16S

rRNA gene using PCR. In an agarose gel, the amplifying and genomic DNA products were
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segregated. A unique 16S rRNA sequence primer (5° AGAGTTTGATCCTGGCTCAG 3' -
forward primer and 5' GGTTACCTTGTTACGACTT 3' - reverse primer) was used to partially
sequence the 16S rRNA gene of the Actinomycete isolated from the marine coastal region.
After processing, the actinomycete 16S rRNA sequence was submitted to GenBank (NCBI)
under accession 0Q121828, corresponding to the strain Streptomyces phaeolivaceus VR3. The
analysis involved comparing the marine Streptomyces sequence with different sequences found
in the EMBL database. The marine isolate Streptomyces sp. 1404 bp sequence matched the
extant Streptomyces phaeolivaceus subsp. Species, according to phylogenetic analysis
(neighbor-joining tree).

3.4.1. Identification of actinomycetes.

Based on the morphological, physiological, and molecular properties, the marine isolate
of Actinomycete was identified as Streptomyces phaeolivaceus (Figure 3). Bergey's Manual of
Systematic Bacteriology [52], Bergey's Manual of Determinative Bacteriology [54], and a
phylogenetic study utilizing the multiple sequence alignment tool Clustal W all validated the
species identification.

9 Streptomyces sp. strain KCTC 19241 16S ribosomal RNA gene, partial seque..

9
9 Streptomyces sp. SCY301 16S ribosomal RNA gene, partial sequence
9
9 Streptomyces sp. SCP-2 partial 16S rRNA gene, isolate SCP-2
9
Q 9 Streptomyces europaeiscabiei strain YL020208 16S ribosomal RN...

9 Streptomyces phaeolivaceus strain GY16 16S ribosomal RNA gene, partial sequence

") ; ; ; ;
| 0.001 I 9 Streptomyces phaeolivaceus strain VR3 168 ribosomal RNA gene, partial sequence
9

O Streptomyces phaeolivaceus strain VR3 16S ribosomal RNA gene, partial sequence

Figure 3. Associations between the streptomycete isolates Streptomyces phaeolivaceus VR3 and related species
of the genus Streptomyces sp. are depicted in neighbor-joining clusters based on an almost full 16S rRNA gene
sequence.

3.5. Minimal inhibitory concentration (M.1.C.) of VR3 strain.

The isolated Streptomyces VR3 strain was also tested using M.1.C.s, and we discovered
that the M.1.C.s for all species ranged from 0.2 to 2.1g/mL. Significant susceptibility to the
strain was observed in the tested Bacteria, namely Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Proteus mirabilis, and Klebsiella pneumonia. The minimum inhibitory
concentration of isolate VR3 against Klebsiella pneumonia was 2.125 mg/mL, demonstrating
greater resistance among the gram-negative bacteria tested. Whereas Escherichia coli,
Pseudomonas aeruginosa, and Proteus mirabilis demonstrated the lowest M.I.C. values of
0.531 mg/ml and 0.265 mg/ml, Staphylococcus aureus was determined to be the gram-positive
bacterium that responded to the VR3 the most; the M.1.C. value was 1.062 mg/ml.

3.6. Discussion

Although there is a remarkable variety of life on land, the seas have the highest
biodiversity [58]. A few of the 18 major lineages now recognized as belonging to the domain
Bacteria, containing five subclasses and 14 suborders, are Actinobacteria [59]. Around 7,000
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compounds listed in the Glossary of Natural Products are generated by actinobacteria, bacteria
belonging to the Order Actinomycetales (also known as actinomycetes), one of the five
subclasses. Actinomycetes develop as aerial mycelia and exhibit a high G+C content in their
deoxyribonucleic acid (DNA) [62]. They produce approximately half of the known bioactive
molecules, including enzymes, antibacterials [63-65], anticancer properties, and
immunosuppressives [66-69]. Over the last few decades, many actinomycetes have been
isolated and screened from soil [70]. Recently, the pace of isolating active constituents has
grown while the rate of discovering new molecules from terrestrial actinomycetes has dropped
[71, 72]. The distribution in the ocean is largely unknown, and the existence of native coastal
actinomycetes in the ocean remains a mystery. Research on the diversity of actinomycetes in
marine environments has increased significantly over the last 10 years. Streptomyces strains
are found worldwide in marine and terrestrial environments [73, 74] and are of industrial
interest due to their ability to produce new compounds. Some filamentous bacteria can degrade
intricate biological polymers and are highly adapted to the marine ecosystem. The family
Streptomycetaceae, which contains gram-positive aerobic representatives of the order
Actinomycetales and suborder Streptomycineae inside the new class Actinobacteria, would
include the genus Streptomyces. The DNA G+C content of this family ranges from 68 to 79
mol% [75]. It is well recognized that actinomycetes, particularly Streptomyces, have
antibacterial properties. In addition to saltwater and sediment, marine Streptomyces is
extensively found in microbial sources such as mollusks, fish, mangroves, sponges, and
seaweed. These microbes are becoming increasingly significant not only from a taxonomic and
environmental perspective but also because they produce novel bioactive substances, such as
enzymes, antibiotics, enzyme inhibitors, and pigments, and because they have biotechnological
uses, such as producing probiotic strains and single-cell proteins [76]. Several types of
actinomycete isolation media were used in the procedure; S.A., SCA, and I.S.P. showed
promising medium parameters for the isolate's development [77]. Only one marine
Actinomycete, Streptomyces phaeolivaceus VR3, was shown to have antibacterial action
against Gram-positive, Gram-negative, and fungal strains in the current experiments of four
actinomycete isolates. The findings demonstrated the huge potential for discovering and
characterizing novel chemicals for medicinal uses. It has been found that several human
pathogens have up to ten distinct resistance-generating genes [78]. The morphological,
biochemical, metabolic, cultural, physiological, and molecular characteristics can all be used
to identify S. phaeolivaceus VR3. Bacterial colony formation, substrate vegetative and aerial
mycelium, formation of 57 sporophores, and spores are among the key features of the
characterizing Streptomyces strains [79-81]. Since the identification of nucleic acid sequences
using sequencing methods, molecular systematics, which involves classification and
identification, has taken on a new role. Because it reveals details about the species'
phylogenetic position, 16S rRNA sequencing has become increasingly significant as a
technique for identifying bacterial strains [82-84]. In this study, of the five isolated
actinomycetes, only one marine Actinomycete, Streptomyces phaeolivaceus VR3, was
identified based on morphological, biochemical, and physiological characteristics. Hence, the
current investigation demonstrates that Streptomyces phaeolivaceus subsp. and the isolate S.
phaeolivaceus VR3 is closely related. A polyphasic taxonomic methodology, incorporating
morphological, ecological, biochemical, cultural, physiological, and molecular criteria, can
only aid in creating an effective taxonomic recognition system for all microbes, not just
actinomycetes.
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4. Conclusion

The final findings of the present research work isolated, screened, and identified S.
Phaeolivaceus VR3 from the marine soil sample collected from the Marakkanam Coastal Area,
which showed good antibacterial activity. The spore chain structure of the strain Streptomyces
phaeolivaceus VR3 revealed that the spores were simple, transverse, Gram-positive, and
smooth-surfaced. The aerial mycelia of the isolate, while cultivated on various media, were
generally white, whereas the substrate was creamy white. The isolate VR3 showed antibacterial
activity against Escherichia coli (9 mm), Staphylococcus aureus (7.5 mm), Proteus mirabilis
(7.7 mm), Pseudomonas aeruginosa (7 mm), and Klebsiella pneumonia (4.5 mm) at a
concentration of 3.5mg/ml. The minimum inhibitory concentration of the isolate VR3 was
0.531 mg/ml for Escherichia coli and Pseudomonas aeruginosa, 1.062 mg/ml for
Staphylococcus aureus, 0.265 mg/ml for Proteus mirabilis, and 2.125 mg/ml for Klebsiella
pneumonia. The isolated Streptomyces strain can produce a lipopeptide with various industrial
applications.
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