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Abstract

Actinomycetes are among the most significant prokaryotes due to their attribute in synthesizing bio-
active secondary metabolites. Soil-derived actinomycetes, in particular, are notable candidates for the pro-
duction of valuable compounds for pharmaceutical and industrial applications. In this investigation, actin-
omycetes were successfully isolated from the soil sample of agricultural landforms. Four different culture
media were utilized to examine the influence of medium composition on the actinomycetes count. Among
the tested media, starch casein agar yielded the highest actinomycete densities, ranging from 1.4 x 10° to
6.0 x 10° cfu g[1! across all sampling sites. The lowest counts were recorded on Czapek-Dox agar, with val-
ues between 1.0 x 10° to 2.3 x 10° cfu g'. Sample 2 exhibited the maximum average actinomycete density
(6.0 x 10° cfu g'), whereas sample 10 showed the lowest density of 1.4 x 10 cfu g! on starch casein me-
dium. The investigation revealed that 91.2% of the total isolates were tentatively classified as Streptomyces
species and 8.8% as non-Streptomyces species. Out of 68 isolates, 15 strains were prioritized based on their
bioactive potential and underwent morphological, physiological, and biochemical characterization. IA10
and IA17 were found to be more potent against tested clinical pathogens in the right-angle streak method
and in 16s rRNA sequencing; both the isolates showed close resemblance with Streptomyces toxytricini and
Streptomyces maritimus, respectively. This study highlights exploring the prevalence of the actinomycetes
population in agricultural landforms and isolation of strains with antagonistic properties.
Keywords: actinomycetes, starch casein medium, 16s rRNA sequencing, Streptomyces toxytricini, Strep-
tomyces maritimus

Pe3rome

AKTUHOMHIIETUTE Cca Ccpell Hail-3HaYMMUTE MPOKAPHOTH MOPAIH CIIOCOOHOCTTA UM Jla CHHTE3Hpar
OMOAKTUBHU BTOpUYHH MeTabonuTu. [lomydeHuTe OT mouBaTa M30JaTH Ca OCOOCHO 3a0eNeKUTEITHU
KaHAMJaTU 3a MIPOU3BOJCTBOTO HA IIEHHU ChEIUHEHHUs 3a (papMaleBTUYHHU U MPOMUIIUIEHU MPHIOKESHHUS.
B ToBa m3cnenBane akTHHOMHIIETUTE Ca YCIIEIIHO M30JIMPAHU OT MOYBEHA MPo0a OT 3eMeIeNICKH penedHu
¢dopmu. M3non3BaHu ca 4eTUpU pa3IMYHKU XPAHUTEJIHU CPEIH, 3a J1a C€ U3CIe/lBa BIMSHUETO Ha ChCTaBa
Ha cpefara BbpXy Opost Ha aktTuHomuIeTute. Cpel TeCTBAaHUTE CPeu, HUILIECTEHO-Ka3eMHOBUAT arap Jajie
Haii-BUCOKA IUTBTHOCT HAa aKTUHOMHUIIETUTE, Bapupaina ot 1.4 X 10° 1o 6.0 x 10° cfu g' BbB BcHuKku MecTa
3a B3eMaHe Ha npoou. Hait-Huckusar O6poii e peructpupan B arap Yanek-/lokc, cbe cToitHOCTH Mexay 1.0
x 10%u 2.3 x 10° cfu g'. [Ipoba 2 noka3Ba MakCHMaJlHa Cpe/iHa IUITBTHOCT Ha akTHHOMHULeTHTe (6.0 X 10°
cfu g'), nokaro npo6a 10 moka3pa Haii-HUCKA TUIBTHOCT OT 1.4 X 10° cfu g BBpXyY cpena OT HHIIECTEH
KazeuH. M3cnensanero paskpusa, ue 91.2% ot oOuus 6poil u3onatu ca npeaBapUTeIHO KiacuGuuupaHu
KaTo BUIOBeE Streptomyces, a 8.8% - Karo BUJOBE, pa3nuuHu oT Streptomyces. Ot 68 nszonary, 15 mama
ca IPUOPUTH3MPAHH Bb3 OCHOBA HAa TEXHMS OMOAKTHBEH MOTEHIIMAJ U Ca MOJJIOKEHN Ha MOp(oIoruyHa,
¢buzmonornyna u OmoxmmuuHa xapaktepuctuka. IA10 u [A17 ce oka3Bar Mo-CHJIHM Cpelly TECTBaHU
KJIMHUYHY NTATOTE€HH ITPU METO/1a Ha MPpaBObI'biiHaTa UBUIA U pu 16s RNA cexkBenupane. /IBara u3omnara
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MOKa3BaT OJM3KO CXOACTBO CHOTBETHO CBC Streptomyces toxytricini u Streptomyces maritimus. ToBa
MPOYYBAHE AaKIIEHTHUPA BbPXY M3CJIEABAHETO HA PA3NIPOCTPAHEHUETO HA MOMYIauaATa Ha aKTHHOMULIETUTE
B 3eMefesickuTe peneduu GopMu U U30JIMPAHETO HA IIAMOBE C AHTATOHUCTUYHU CBOMCTBA.

Introduction

Actinobacteria have been widely acknowl-
edged as a bountiful source of biopharmaceuticals,
particularly antibiotics (Amin ef al., 2018; Amin et
al., 2019). Actinomycetes constitute the majority
of free-living microorganisms that thrive in diverse
ecosystems. Actinomycete’s hostile behaviour
provides proof that the ecosystem is a significant
source of secondary metabolites with biological
activity. The distinctive nature of actinomycetes in
the transformation of organic and inorganic sub-
strates has drawn the attention of researchers to ex-
plore open field (Murtaza et al., 2024). Soil serves
as the principal habitat for Actinomycetes and acts
as a critical site for their interactions with other life
forms (Singh and Dubey, 2018).

Actinomycetes  are  characterized  as
Gram-positive and heterotrophic saprophytes,
which are recognized by significantly synthesizing
extracellular enzymes to withstand competing en-
vironments (Sapkota et al., 2020) and have a high
proportion of G+C base pairing. They exhibit a sta-
ble hyphae network formed by filamentous branch-
ing. They represent a vital component of microbial
communities and have been discovered across a
variety of natural terrains, including extreme and
harsh environments. Isolation and cultivation of
Actinomycetes remain challenging by virtue of their
ability to produce comprehensive and multifaceted
natural compounds with curious bioactivity. Micro-
biomes from overlooked domains are being looked
for in drug discovery (Nouioui et al., 2024).

Recent breakthroughs in molecular biology,
genomics, and metagenomics have enabled re-
searchers to tap into the vast untapped potential of
actinomycete diversity, revealing new insights into
their evolution, ecology, and biochemistry (Baltz,
2017). This has spawned alluring chances for the
identification of new bioactive substances, includ-
ing enzymes and bioactive compounds that can be
used in a variety of industrial, pharmaceutical, and
agricultural applications. A study by Singh et al.
(2022) accentuated the sense of Indian soils as a
rich source of actinomycete diversity, with a focus
on the isolation of novel species from uncharted re-
gions.

Evident from these outcomes, our current in-
vestigation spotlights the study on the biodiversity
of actinomycetes in and around Namakkal district,
India, since it has been given inadequate considera-
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tion in microbial diversity research. This territory’s
unacknowledged morality makes it a desirable top-
ic for current research, which is primed for insights
and improvements to the discipline of microbiolo-
gy. In this research, ten different unresolved agro-
ecological niches in Namakkal district, India, were
investigated to isolate Streptomyces sp., which has
guaranteed bioactivity.

Materials and Methods
Sample collection

On a track to isolate novel actinomycetes
with high-grade bioactivity, a total of 10 soil sam-
ples were collected in and around the Namakkal
district, India. The samples were obtained based on
the parameters of soil such as pH, Electrical con-
ductivity, moisture content, and organic matters in-
cluding carbon and nitrogen. Under sterile circum-
stances, the samples were obtained from a depth of
10 to 15 cm, where the humus content was found to
be good. The obtained samples were transferred to
the laboratory in sterile zip-lock covers and kept at
refrigerated conditions until processing (Kumari et
al., 2019).

Physico-chemical parameter analysis of the soil
sample

Physical parameters such as pH, temperature,
moisture content, and electrical conductivity were
examined for the soil samples using Handheld in-
struments. TOC was determined by the Walkley—
Black wet oxidation method using 0.5 g of soil di-
gested with 1 N K Cr, O, (Merck) and concentrated
H,SO, (Sigma-Aldrich), followed by titration with
0.5 N Fe(NH,),(SO,),"6H,O (HiMedia) using di-
phenylamine indicator. TN was estimated by the
Kjeldahl method, in which 0.5 g of soil was di-
gested with H SO, (Merck) and a K, SO,:CuSO,:Se
(10:1:0.1) catalyst (HiMedia), distilled using a
Kjeltec™ 8200 unit (Foss Analytical), and titrated
with 0.01 N H_,SO, after ammonia absorption in
4% boric acid. Results were expressed as % TOC
and % TN on a dry-weight basis (Dandwate et al.,
2020). The relationship between the physicochemi-
cal parameters of soil and the population density of
actinomycetes was evaluated using Pearson’s cor-
relation coefficient.

Pretreatment of soil samples

The soil samples obtained from the sampling
sites were pre-treated before processing to isolate
actinomycetes. The step was initiated by mixing



the soil sample in a solution containing 6% yeast
extract (YE) and 0.05% sodium dodecyl sulphate
(SDS) at 40°C for 20 minutes (Hayakawa and Non-
omura, 1989). One gram of processed soil was ad-
mixed with 9.0 ml of sterile distilled water. 1.0 ml
of this preparation was serially diluted up to 10
logarithmic dilutions and used for plating purposes
to isolate a pure culture.

Growth promotion medium selection

Starch Casein Agar (SCA) (g/l) Starch 10.0;
Casein 1.0; K.HPO, 2.0; KNO, 2; MgSO,.7H,0
0.05; FeSO,.7H,0 0.01; CaCO, 0.02; NaCl 2; Agar
20.0; distilled water; pH 7.2.

Actinomycetes Isolation Agar medium
(ATA) (g/l) (Sodium caseinate 2; L-Asparagine
0.1; C,H\NaO, 4; K.HPO, 0.5; MgSO, 0.1; FeSO,
0.001; Agar 20; distilled water 1L.

Glycerol Asparagine Agar (GAA) (g/l) (L-as-
paragine, 1.0; glycerol, 10.0; K.HPO,.7H,0 1.0;
agar 20.0).

Czapek-Dox Agar (g/1) (Sucrose 30; NaNO,,
3; K,HPO,.7H,0 1.0; MgSO, 0.5; KCl, 0.5; FeSO,
7H,0 0.01; Agar 20.0.

These media were infused with nalidixic acid
30 pg/ml and cycloheximide 50 ug/ml (Van Hop et
al.,2011). Prepared media were autoclaved, cooled,
and dispensed into petri dishes. The sterile media
plates were maintained under refrigeration in a ster-
ile condition until use. The spread plate technique
was employed for plating of soil samples. 100 pl
of the prepared dilutions were disseminated on the
prepared selective agar media in Petri plates. After
inoculation, the processed plates were incubated at
30°C for 1 to 2 weeks. Following the period of incu-
bation for 7 days, prototypical actinomycete colo-
nies were enumerated for the determination of total
actinomycete populations.

Screening of a potent strain

Repeated sub-culturing on Actinomycet-
es Isolation Agar medium was used to purify the
culturable actinomycetes colonies cultivated from
each soil sample until pure cultures were obtained
and verified by microscopic inspection and colony
morphology. The right-angle streak method was
initially carried out to evaluate the actinomycetes
strain’s antibacterial properties (Madigan et al.,
1997). After streaking the isolates’ axenic cultures
on assay media and leaving them undisturbed at
room temperature for a four to seven-day period,
test bacterial strains Escherichia coli MTCC 3261,
Pseudomonas aeruginosa MTCC 741, Klebsiella
pneumoniae MTCC 3040, Enterobacter aerogenes
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MTCC 7724, Staphylococcus aureus MTCC 3103,
and Streptococcus pyogenes MTCC 9724 were
sown at a 90° angle. The inhibitory zones were
measured in millimetres after the plates were kept
undisturbed for a period of 1 to 2 days at 28°C. For
additional characterization, isolates with moderate
to good inhibitory activity were chosen.

Phenotypic identification
Spore chain morphology

A light microscope with a 40x objective lens
and a scanning electron microscope (SEM) were
used to view the morphology of the spore chains.
Spore chain-bearing aerial mycelium was placed on
a glass slide suspended in a drop of water, covered
with a coverslip, and examined with the aid of a
light microscope. Samples were dehydrated using
graded ethanol, coated with 2.5% glutaraldehyde,
and fixed for SEM (Konwar et al., 2023).

Morphological and cultural analysis of actin-
omycetes on various growth media

The method framed by Shirling and Gottlieb
(1966) and Kampfer (2006) was used to assess the
producer strain’s cultural traits. The strains were
likely nutured on various International Streptomy-
ces Project (ISP) media, including Oat Meal Agar
(ISP-1), Yeast extract-Malt extract Agar (ISP-2),
Tryptone-Yeast Extract Agar (ISP-3) Inorganic salt
Starch Agar (ISP-4), Glycerol Asparagine Agar
(ISP-5), Peptone Yeast extract Iron agar (ISP-6),
and Tyrosine Agar (ISP-7) (HiMedia Laboratories
Pvt.Ltd., Mumbai, India). The synthesis of diffus-
ible pigments, chromatic features of the colony,
aerial and substrate mycelial color, growth pattern,
and growth intensity were among the cultural traits
noted from ISP2 medium, which provides optimum
pigment differentiation. The colony colors were
visually determined under natural light using the
ISCC-NBS Color System (Kelly and Judd, 1976)
as a standard color reference (Sun et al., 2020)

Physiological and biochemical analysis

Biochemical and physiological testing were
conducted using the procedures outlined by Wil-
liams et al. (1983). Tests were conducted to deter-
mine physiological characteristics, including ideal
pH (6-10), temperature (25°-40°C), and salinity
(1-8%). Furthermore, biochemical characteriza-
tion, i.e., Voges-Proskauer, citrate, methyl red, and
indole production tests, and sugar utilization tests
were conducted.

Screening for enzymatic activity
The actinomycetes strains were investigated
on harnessing the enzymatic potential in synthesiz-



ing a range of extracellular enzymes, viz., amylase
using Starch Agar Medium (HiMedia M107), pro-
tease (Skim Milk Agar, HiMedia M557), cellulase
(Carboxymethyl Cellulose Agar, HiMedia M1651),
lipase (Tributyrin Agar, HiIMedia M043), gelatinase
(Nutrient Gelatin Medium, HiMedia, M009), ure-
ase (Urea Agar Base, HiMedia, M112), and cata-
lase using 3% of H,O, (Prescott et al., 2002).

Hierarchical clustering

Strains ascertained to be potent from prima-
ry screening were subjected to hierarchical cluster-
ing using Python (V3.10) with Scipy and Matplot-
lib libraries. Dissimilarities were calculated using
the Euclidean distance metric. Clustering was
conducted using Ward’s method to minimize with-
in-cluster variance. A dendrogram was generated to
visualize relationships among strains.

Phylogenetic identification of a potent strain
Based on the antimicrobial activity of the
crude extract of the selected strain, the genotyp-
ic identification of the strains IA10 and [A17 was
done by sequencing the 16S rRNA gene. Extrac-
tion of genetic material was carried out with the
CTAB method according to the instructions of
the manufacturer. Two universal primers (27F
5'-AGAGTTTGATCCTGGCTCAG-3’; 1492R
5'-GGTTACCTTGTTACGACTT-3") were selected
for amplification of PCR reactions. By comparing
and investigating the similarity and the homology
of the obtained sequence of the isolate IA10 and
IA17 with the equivalent gene sequences available
in the NCBI database by using the BLAST online
search tool and phylogenetic tree was constructed
using MEGA 11 software (Zeng et al., 2024).

Results and Discussion

The physico-chemical properties of soils
from sampling sites of Namakkal district, Tamil
Nadu, were analyzed, revealing variations in soil
texture, organic matter concentration, pH, and nu-
trient content (Fig. 1A and 1B).

The total actinomycete populations in the
collected soil samples were determined. The results
indicated that from the total isolation highest pop-
ulation of actinomycetes was recorded in sample 2
(15.2%), followed by sample 3 (13.8%) and sam-
ple 5 (11.6%). The lowest population density was
found in sample 6 and 10 (5.8%) (Fig. 2). A corre-
lation analysis between the physico-chemical prop-
erties of the bulk soil samples and the population
density of actinomycetes revealed significant posi-
tive correlations between actinomycetes population
density and pH (= 0.82, p <0.05) which shows the
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indication of alkaline conditions favor the prolifer-
ation of actinomycetes, organic matter content (car-
bon) exhibited positive correlation (r = 0.67, p <
0.05) suggesting higher organic matter supports the
microbial growth and metabolic activity and mois-
ture content (» = 0.38 p < 0.05) implying adequate
soil moisture enhances survival of actinomycetes.
The data obtained from the investigation showed
that the physcio-chemical parameter of soil has im-
pact on microbial population dynamics.
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Fig. 1. Physicochemical properties of different soil sam-
ples: A. Dependence on moisture content (MC), total ni-
trogen (TN), and total organic carbon (TOC); temperature
(°C), pH, and electrical conductivity (EC)

In particular, the pH of the soil has a positive
correlation with the population of actinomycetes
obtained from the sample. Actinobacteria predom-
inantly bloom in slightly alkaline and neutral pH.
Actinomycetes populations are remarkably high-
er in soil with pH levels of 7.0 to 8.0 (Zanane et
al., 2024). In extremely acidic soils with a pH less
than 5.0, the actinomycetes population tends to be
reduced more likely due to reduced nutrient avail-
ability and in harsh environments. The moisture
content of the soil is also known to influence mi-
crobial activity, particularly actinobacteria, and it



prefers moderately damp soil. Reduced moisture
level of the soil found to have a decreased number
of actinomycetes (Chungopast et al., 2023). The
population density of actinomycetes may decline
in extreme dry conditions due to water stress, and
increased moisture levels may restrict the availabil-
ity of oxygen; as a result, it lowers the activity of
actinomycetes (Borowik and Wyszkowska, 2016).
Actinomycetes prevail in soils with balanced mois-
ture content, which reinforces both the spore devel-
opment and their metabolic activities.

Soil sample vs Population of Actinomycetes
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Fig. 2. Actinomycetes population in different soil samples
(S1-S10 — Soil sample 1 to 10)

Another critical factor that reinforces the
growth and dispersion of actinomycetes in soil is
temperature. Actinomycetes are ordinarily boon
in moderate temperatures between 25°C and 35°C,
and temperatures outside of this range may lead to
a decline in the actinomycetes population (Barka et
al.,2016). Cold and excessively hot soils inhibit the
development of actinomycetes due to their sensitiv-
ity to extreme ranges of temperature. Research has
indicated a notable increase in actinomycete diver-
sity and population in temperate and tropical soils
with moderate temperature ranges (Adegboye and
Babalola, 2012).

Soil organic material is found to be a crucial
factor for the growth of actinomycetes as it pro-
vides a source of carbon and energy. An affirmative
correlation between soil organic matter and actin-
omycetes population has been reported in several
studies (Binayke et al., 2018). Actinomycetes, par-
ticularly Streptomyces species, are exceptionally
productive in decomposing organic materials like
plant residues, contributing to nutrient cycling in
the soil. Soils productive of organic matter usually
support a higher diversity of actinomycetes due to
the abundance of substrates available for microbi-
al breakdown (Barka et al., 2016). Organic matter
content is a supreme indicator of soil quality degra-
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dation. This organic matter contributes to soil sta-
bility, high water retention ability, mineral element
fixation, and substrate for the microorganisms of
the soil (Mohammadi et al., 2011).

In general, the actinomycete population in the
study area varied depending on the media, which
served as the exploration test to expound the impact
of the medium components on the actinomycete
count and to select the one that allows the maxi-
mum counts. The population density of actinomy-
cetes varied significantly among the different soil
samples and culture media (Fig. 3).

6x10°%F
5x10¢F

4x105f

3x106F

Population Density of Actinomycetes (cfu/g)

2x10%F
1x106} T
0 C L L L L
SCA AlA GAA CDA
Media

Fig. 3. Population density of Actinomycetes with

respect to different growth media

SCA- Starch Casein Agar, AIA- Actinomycetes Isolation
Agar, GAA — Glycerol Asparagine Agar and CDA — Cza-
pek-Dox Agar

The starch casein agar medium supported the
highest density of actinomycetes, ranging from 1.4
x 10% to 6.0 x 10 cfu g! across all sampling sites.
In contrast, the Czapek Dox agar medium exhibit-
ed comparatively lower densities, ranging between
1.0 x 10%and 2.3 x 10° cfu g'. Among the samples,
Sample 2 showed the maximum actinomycete den-
sity (6.0 x 10° cfu g!), followed by Sample 3 (5.6 x
10° cfu g') on starch casein agar. The lowest popu-
lation density was observed in Sample 10 (1.4 x 10°
cfug?). These results indicate that starch casein agar
was more effective in supporting the growth of ac-
tinomycetes than other tested media. Our outcomes
illustrate that starch casein agar was the preeminent
medium in yielding a far greater number of actin-
omycetes colonies compared to other media. The
outcome of the research illustrated the starch casein
agar medium as being preeminent in buttressing
the development of actinomycetes, with a greater



number of colonies compared with other media.
This output highlighted the efficacy of starch casein
agar for the isolation of actinomycetes (Ayoyib et
al.,2024). Jessy Padma et al. (2018) concluded that
actinomycetes strains isolated from terrestrial soils
flourished successfully on starch casein media. An
analogous study by Ahmad ef al. (2017) determined
that a biodiversity assessment of actinomycetes
from different circumstances in the Mediterranean
Sea reported the greatest number of isolates and the
highest count on starch casein agar. The efficacy of
starch casein agar with enhanced effectiveness can
be attributed to its distinctive composition, which
includes starch, an accessible carbon source, while
casein in the medium supplies essential nitrogen.

Characterization of the strain

A deliberate survey of actinomycetes in Nam-
akkal district has led to the isolation of 276 isolates,
among which 68 showed distinguished colony fea-
tures and were grouped for preliminary identifica-
tion. The isolates were recognized based on their
aerial and substrate mycelial color, microscopic
inspection of spore chain sequences (spirals, recti-
flexibles, flexibles, and monospore chains), and pig-
ment production. Microscopic examination follow-
ing Gram staining revealed branched filamentous
hyphae with purple and deep violet color (Fig. 4A,
4B). The outcome of the research revealed that 62
(91.2%) of the 68 isolates were designated as Strep-
tomyces species, characterized by spiral, hooked,
and rectiflexible spore chain patterns. The active
isolate IA10 under SEM exhibited well-developed
mycelia with spores arranged along the filament sur-
face, and appeared to be rectiflexible types. 1A17
revealed a compact, extensively interwoven myceli-
al structure (Fig. 4C, 4D). The residual six isolates
(8.8%) have been confirmed as non-Streptomyces
species. Streptomyces spp. comprised the soil sam-
ple examined in the current research, which is con-
cordant with previous findings (Singh et al., 2016;
Ahmad et al., 2017; Dar et al., 2024).

This finding reinforces the vital role of Strep-
tomyces spp. in soil ecosystems, as they are the big-
gest contributors to decomposing organic matter
and fixing nitrogen, as well as producing secondary
metabolites with antimicrobial activity and antifun-
gal abilities (Javed et al., 2021). The diversity of
Streptomyces spp. in soil is influenced by a range
of factors, which include the type of soil, pH, tem-
perature, moisture level, and its organic matter. In
this work, the soil sample was obtained in a tropical
climate, which may have facilitated the growth of
certain Streptomyces species.
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Fig. 4. Light microscope and SEM observation of Strep-
tomyces: A — S. toxytricini IA10, B — S. maritimus 1A17,
C - 8. toxytricini 1A10, D — S. maritimus TA17

Screening of the active strain

Actinomycetes colonies displaying
unique morphological attributes had been selected
for primary screening (Fig. 5).

Among the 68 total isolates, 15 showed prom-
inent antimicrobial effect against both Gram-posi-
tive and Gram-negative bacteria, with IA10 and
[A17 displaying the highest activity (Fig. 6A, 6B).
The screening results revealed that the majority of
the isolates had antibiotic activity, prompting fur-
ther investigation. As a result, the active isolates
were chosen to receive additional taxonomic, bio-
chemical, and physiological characterization to de-
termine their antibacterial potential.

Biochemical and physiological characterization
The cultural facets, which include microbial
growth pattern and pigment formation, were as-
sessed on different International Streptomyces Pro-
ject (ISP) media, and their results are summarized
in Table 1. All the chosen actinomycete isolates
demonstrated moderate to abundant growth with
different growth patterns. The pigment of the sub-
strate mycelium showed variation and was found
mostly to be white and grey. Two isolates express
beige pigment, one produces blue pigment, three
produce yellow pigment, one strain shows orange,
and one produces brownish-black pigment. The
presence of diffused brown-to-black coloration in-
dicates the presence of melanin pigment formation.
This illustrates the capability of the medium in sup-
porting pigment production due to the source of nu-
trient composition of the media (Kazi et al., 2022).
All the isolates grew well on oatmeal agar
medium and optimally between 25°C -40°C and
the majority of the isolates showed good growth
at 30°C, with the optimum pH value between 7-8,
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Fig. 5. Representatives of isolated Streptomycetes from soil

which was related to the study by Bhanu Shrestha et
al. (2021). All the tested isolates produced amylase,
while the majority produced protease and cellulase.
Except for the strains IA6, IA24 and IA33 the se-
lected strains possessed the ability to tolerate 4%
NaCl in the medium with the exception of strains.

Fig. 6. Antagonistic activity of potent strains against test
organisms: A: S. foxytricini 1A10, B: S. maritimus 1A17
Test organisms in A and B: 1. E. coli MTCC 3261, 2. P.
aeruginosa MTCC 741, 3. K. pneumoniae MTCC 3040,
4. E. aerogenes MTCC 7724, 5. S. aureus MTCC 3103
and 6. S. pyogenes MTCC 9724

Hierarchical Cluster analysis

A hierarchical cluster analysis of 15 Actin-
omycetes strains showed that they can be grouped
into four main categories when the dissimilarity
level is about five (Fig. 7).

Cluster I included 1A10, IA17, IA39, IA21,
and [A56, with IA10 and IA17 being the most sim-
ilar to each other in this group. Cluster I possessed
IA10, 1A17, 1A39, 1A21, and IAS56, with IA10 and
IA17 sharing the highest similarities within the
group. Cluster II comprised IA6 and 1A24, which
were closely interrelated and remarkably similar

158

to Cluster I. Cluster III displayed IA63 and TA67,
whereas Cluster IV comprised IA51 and TA68, the
most strongly connected pair overall. Strains [A33,
IA13, 1A34, and A48 did not fit into the main clus-
ters and integrated at higher dissimilarity levels, ex-
hibiting significant genetic diversity.

Molecular characterization

Genomic DNA of the isolates IA10 and [A17
was extracted according to the standard protocols,
and 16S rRNA sequences were amplified with the
appropriate primers in PCR. A single discrete PCR
amplicon band of [11163bp and [11047bp was ob-
served in the isolates IA10 and [A17, respectively,
when resolved on agarose gel (Fig. 8).

According to 16S rRNA sequence analysis,
isolate IA10 and IA17 were analyzed in Blast and
revealed the highest homology. The results demon-
strated that the isolate IA 10 was similar to S. fox-
ytricini with 95.37% similarity, and IA17 was sim-
ilar to S. maritimus with 97.32% similarity. The
sequence of the isolates was deposited in the Gene-
Bank depository as S. toxytricini IA10 and S. mar-
itimus TA17 with the accession numbers PP758842
and PP758807, respectively, and the phylogenetic
tree was constructed as shown in (Fig. 9A, 9B). This
result is in line with previous research, where Strep-
tomyces sp. recovered from different geographical
niches of India was superior among distinct genera
with antimicrobial potential (Singh et al., 2016).

Conclusion
This study firmly supports the idea that the
viable count of actinomycetes showed substantial
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variation across regions. The actinomycete species
isolated from various agro-ecological landforms
exhibit an outstanding ability to produce bioactive
compounds that are active against drug-resistant
bacterial pathogens. Phylogenetic analysis of the
strain found that the strain is in the genus Strepto-
myces. This research despite the great deal of avail-
able research data on exploration of actinomycetes
and their secondary metabolites, there remains a
tremendous source for discovering new bioactive
agents from the genus with respect to diversity in-
vestigation, abundance of the unexplored soil in
Namakkal district, India. Future interdisciplinary
initiatives featuring the fields of microbiology,
genomics, metabolomics, chemistry of bioactive
compounds, and drug science are needed to thor-
oughly investigate this untapped resource in remote
regions.
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