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Abstract

Antimicrobial resistance is a global concern that
diminishes the options for treating diseases caused by
microbes. The WHO global report indicates a rise in
mortality from infectious diseases attributable to
antimicrobial resistance, leading to a global economic
loss of up to 100 trillion USD by 2050. Consequently,
the identification of novel antibacterial agents having
clinical relevance is imperative. The diversity of
marine ecosystems has led to the discovery of a wide
range of metabolites with bioactive qualities.
Conversely, numerous bioactive compounds linked to
marine invertebrates are synthesised by their symbiotic
microbes. Thus, the current work focused on the
identification of bacterial strains from Telescopium
telescopium exhibiting antimicrobial potential. This
investigation isolated 10 distinct bacterial colonies,
designated as ZTS-01 to ZTS-10. Among the 10
isolates, ZTS-08 showed superior antimicrobial
activity against the examined bacterial and fungus
species except C. albicans.

The PCR-amplified 16s rRNA gene of ZTS-08
comprises of 1500 bp in length and its G+C proportion
is 58.46%. The multiple sequence alignments reveal
variance, conserved sites and parsimony sites of 0.88,
0.06 and 0.021 respectively, with an overall mean
distance of 0.01. According to molecular phylogenetics
and morphological analyses, the bacterial isolate ZTS-
08 is a member of the N. dassonvillei species.
Keywords: Antimicrobial resistance, Molluscs,
Telescopium telescopium, 16s rRNA, Phylogeny.

Introduction

Antimicrobial resistance (AMR) poses a significant global
challenge that limits the options available for treating
infectious diseases caused by viruses, bacteria and fungi'®.
A global surveillance report from the World Health
Organization highlighted a rise in morbidity and mortality
due to infectious diseases attributed to AMR. This trend
could lead to an estimated worldwide economic loss of up to
100 trillion USD by 2050, corresponding to a 2%—3%
decrease in gross domestic product®”. Current estimates
indicate that antimicrobial resistance is responsible for
approximately 700,000 deaths globally each year, with
projections suggesting a rise to 10 million by the year
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20508, Consequently, it is imperative to identify novel
antimicrobial compounds that hold clinical relevance?.

Previous studies have thoroughly examined terrestrial
resources to identify novel bioactive compounds’. However,
the world's oceans make up over 70% of the planet's surface
and provide a vast resource for the development of
chemotherapeutic agents, the isolation of new sources of
antimicrobial and other bioactive compounds from marine
environments is growing quickly these days®. Moreover, the
diversity of marine organisms and habitats results in marine
natural products that include a broad range of chemical
classes such as terpenes, polyketides, acetogenins, peptides
and alkaloids which exhibit a variety of structures reflecting
an impressive array of biosynthetic pathways®e.

In the last 3 decades, marine organisms have been the subject
of a global initiative aimed at discovering novel natural
products. A limited variety of marine organisms, including
plants, animals and microbes, have produced over 12,000
novel chemicals, leading to the identification of numerous
new compounds annually'*. A significant barrier to the
advancement of many marine natural products is that the
concentrations of compounds are frequently minimal,
constituting less than one millionth of the wet weight?’.
Conversely, increasing evidence indicates that numerous
compounds initially linked to the biomass of marine
invertebrates are not produced by the organisms themselves
but rather synthesised by symbiotic or associated
microorganisms or originate from a diet consisting of
microorganisms®,

Hence, microorganisms linked with marine invertebrates are
therefore regarded as significant suppliers of marine
bioactive compounds. Marine invertebrates including
sponges, tunicates, soft and hard corals, bryozoans and sea
slugs, are significant sources of natural bioactive products®.
Molluscs represent the largest marine phylum among marine
invertebrates, comprising of 23% of marine organisms. The
systematic structural analysis of specific secondary
metabolites derived from molluscs indicates that these
compounds are produced by symbiotic bacteria rather than
by molluscs®. For example, the peptide antibiotic Bacicyclin
was isolated from Bacillus sp. BC028 and this bacterial
strain was obtained from the common mussel (Mytilus
edulis).

S. sampsonii SCSIO 054 is a marine bacterium that is linked

to gastropods and molluscs. It has a biosynthetic gene cluster
that makes julichromes, an antibacterial compound?*®. Hence,
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the present study focused on systematically characterising
the bioactive potential of marine bacteria associated with
Telescopium telescopium. Telescopium telescopium (Linne,
1758) represents the largest snail inhabiting the muddy
substratum of midlittoral mud floors of mangrove forests,
classified within the Potamidiae family and is commonly
referred to as Rodong or Berongan®. The shells of T.
telescopium measure approximately 8-15 cm in length.
These robust conical shells exhibit a colouration that ranges
from black to a very dark reddish-brown, though their
distinctive markings are often obscured by mud and various
encrusting organisms®.

This species exhibits a broad geographical range across the
Indo-West Pacific region, extending from Madagascar to the
Philippines and the northern coast of Australial®. Chan et al!
noted that T. telescopium possesses bioactive secondary
metabolites in their bodies, serving as a defense mechanism
that frequently holds medicinal value. Researchers have
reported the presence of potent antimicrobial and immune-
contraceptive substances in the spermathecal gland of T.
telescopium?>26, However, to date, there remains a
significant lack of information regarding the antimicrobial
potentials of microbial species associated with Telescopium.
This study aims to isolate and identify Telescopium
associated bacterial species that exhibit antimicrobial
properties.

Material and Methods

Sample collection: Young and healthy T. telescopium
samples were collected from the estuary regions of Korangi
mangroves, which are situated in northeastern Andhra
Pradesh, bordering to the Bay of Bengal (Long: 18°33' 52"
to 18°32' 11"; N; Lat: 84°21' 26" E to 84°18' 22" E). The
samples were carefully transferred to sterile zip pouches and
subsequently transported to the laboratory for analysis. The
sample was cleaned with tap water and then with distilled
water. Following that, the T. telescopium was carefully
dissected and the tissue was separated. The isolated tissue
was preserved at -20°C for subsequent studies.

Preparation of T. telescopium tissue suspension: The
complete organism of T. telescopium was fragmented into
minute sections and gently macerated with 10 ml of
sterilised marine water. The homogenate was centrifuged at
1000 rpm for 5 minutes and the supernatant was collected.
Subsequent serial dilutions of the supernatant were prepared
as follows: 101, 102, 103, 104, 10 and 108,

Isolation of bacterial strains: The isolation of bacterial
species was conducted by inoculating dilutions onto marine
agar plates, which were then incubated for 48 hours at
35+2°C. Marine agar plates were made by dissolving 5.0 ¢
of peptone, 3.0 g of beef extract, 15.0 g of yeast extract, 8.0
g of NaCl and 15.0 g of bacteriological-grade agar in 1 litre
of sterilised marine water. To this medium, an additional 1%
of NaCl was added to enhance bacterial growth. The pH of
the medium was adjusted to 7.2 using 0.1 M NaOH. Then
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the medium was sterilised in an autoclave at 121°C for 15
minutes.

Following incubation, the morphological traits of colonies
cultivated on each plate were recorded. The morphologically
distinct bacterial strains were chosen and purified on 1%
NaCl-enriched marine agar medium using the repetitive
streak plate technique. The predominant bacterial colonies
exhibiting varied characteristics were selected to evaluate
their antibacterial capability and the most effective isolates
were chosen for future investigation.

Production of crude extract: The preparation of crude
extract commenced by culturing the purified bacterial
isolates in a 500-mL marine nutrient broth. The cultures
were agitated at 110 rpm for three days at ambient
temperature (29+2°C). Then, the medium was centrifuged at
6,000 rpm for 10 minutes to isolate the cells from the media.
The obtained liquid supernatant was mixed with ethyl
acetate (EtOACc) in a 1:1 (v/v) ratio and the suspension was
agitated for 15 minutes. The organic layer was subsequently
recovered from the aqueous phase by using a separating
funnel. The organic layer was evaporated with a rotary
evaporator at 40°C and the concentrated extract was
collected into a sterile container.

Screening of antimicrobial activity: The antibacterial
capacity was assessed using the well diffusion method
against Gram-positive bacteria including Staphylococcus
aureus, Bacillus subtilis and Micrococcus luteus, as well as
Gram-negative bacteria, such as Escherichia coli,
Salmonella typhi and Pseudomonas aeruginosa. The
antifungal efficacy was assessed utilising Candida albicans,
Aspergillus niger and Saccharomyces cerevisiae as test
fungi. Erythromycin and nystatin were used as positive
controls to assess antibacterial and antifungal efficacy.
DMSO was used as a negative control for both antibacterial
and antifungal activities.

Nutrient agar and potato dextrose agar media were prepared
for the cultivation of bacteria and fungi. Subsequently, 0.5
mm wells were made and filled with positive control,
negative control and crude extracts of bacterial isolates.
Then, the plates were sealed with parafilm and incubated at
37°C for 24 hours. Following incubation, the zone of
inhibition for the extracts was quantified in millimetres
utilising an antibiotic zone scale.

Extraction of genomic DNA: The CTAB lysozyme
technique was employed to extract the genomic DNA from
the purified bacterial isolate, demonstrating significant
antibacterial activity. To isolate DNA, 2 mL of a 48-hour-
old pure culture was transferred to a 2 mL Eppendorf tube
and centrifuged at 2000 rpm for 10 minutes at ambient
temperature. Following centrifugation, the cell pellet was re-
suspended in 450 pL of Tris EDTA solution. 50 pL of 10
mg/mL concentrated lysozyme were added to the resultant
cell solution, which was then gently vortexed and incubated
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at 37°C overnight. Subsequent to incubation, 150 uL of a 2:1
mixture of 10% SDS and 10 mg/mL proteinase K solution
was added to the cell suspension with gentle agitation and
incubated at 55°C for 30 minutes. Subsequently, 200 pL of
5M NaCl and 160 pL of CTAB solutions were added, mixed
gently and incubated at 65°C for 10 minutes.

Following incubation, an equivalent amount of a 24:24:1
mixture of phenol, chloroform and isoamyl alcohol solution
was introduced to the cell suspension, agitated briskly and
subsequently centrifuged at 8000 rpm for 5 minutes. The
upper aqueous layer was transferred to a new 2 mL
Eppendorf tube and an equal volume of ice-cold ethanol was
added, followed by centrifugation at 6000 rpm for 25
minutes to precipitate DNA. Subsequent to precipitation, the
DNA was rinsed with 70% ethanol and air dried. The
resultant DNA pellet was reconstituted in 100 pL of TE
buffer. The quality of the isolated DNA was assessed using
1% agarose gel electrophoresis.

Amplification and sequencing of 16S rRNA gene: PCR
amplification and 16S rRNA gene sequencing were
conducted as outlined by Li et al?. Primers 27F
(5'AGAGTTTGATCMTGGCTCAG 3) and 2490R
(5'GACATCGAGGTGCCAAAC3I) were used to amplify
the 16S rRNA gene from a potent bacterial isolate. The PCR
reaction mixture comprised of 2 uL of template DNA, 2 uL
of each 10 pmol primer, 2 uL of 0.2 mM dNTP, 2 pL of 2
mM MgCl, and 2 uL of 2U Taq polymerase, with the final
volume adjusted to 25 pL using nuclease-free water. DNA
amplification was performed in a thermocycler using the
following protocol: an initial denaturation phase at 94°C for
5 minutes 40 cycles consisting of 30 seconds at 94°C
(denaturation), 45 minutes at 52°C (annealing) and 90
seconds at 72°C (extension), followed by a final elongation
phase at 72°C for 5 minutes and subsequently cooled to 4°C.

Amplified PCR products were resolved by electrophoresis
on a 1.5% agarose gel containing 0.5 pg/ml ethidium
bromide and subsequently photographed. The standard DNA
samples (100 bp DNA ladder marker) were used as a
molecular size reference. The purified PCR products
underwent Sanger di-deoxy sequencing in both forward and
reverse orientations, utilising the Big Dye Terminator v3.1
cycle sequencing kit on the ABI Prism 3700 DNA Analyser
(Applied Biosystems Inc., USA).

Sequence alignment and phylogenetic analysis: The
nucleotide composition of 16s rRNA gene was computed by
Biologics International Crop server (https://
www.biologicscorp.com/tools/GCContent/). The molecular
identification of pure bacterial isolates was performed by
creating a phylogenetic tree using analogous bacterial
species.

To find a homologous sequence or species, the 16S rRNA

gene sequence of the purified bacterial isolates was run via
the NCBI server's BLASTn program. From the NCBI
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database, species that were similar to the target 16s rRNA
gene sequence, were chosen based on the degree of
similarity. The 16S rRNA gene sequences of the selected
species were obtained from the NCBI database and subjected
to multiple sequence alignment using UPGMA.. A distance
matrix was established to examine the variances among the
sequences and a maximum-parsimony tree was created using
MEGAX based on the differences indicated in the distance
matrix. The assessment of phylogenetic tree topologies was
conducted using the bootstrap method with 1000 replicates
for all nodes*®.

Results and Discussion

Isolation of bacterial strains: The present study
encompassed the complete tissue of T. telescopium for the
purpose of isolating bacterial strains, resulting in the
identification of a total of 10 distinct bacterial colonies. The
ten bacterial isolates have been labelled as ZTS-01, ZTS-02,
ZTS-03, ZTS-04, ZTS-05, ZTS-06, ZTS-07, ZTS-08, ZTS-
09 and ZTS-10. Figures 1 and 2 present the isolation and
purification plates of the bacterial isolates. Researchers have
thoroughly investigated extreme environments over the past
few decades, revealing the presence of bacteria across
diverse settings. Korangi mangrove forest represents one of
the largest coastal regions in India, indicating significant
potential for bacterial diversity. The current study indicates
that the T. telescopium from the Korangi mangrove forest
serves as a significant source of bacteria.

Environmental factors directly influence the type, quantity
and metabolic activities of microflora within any
ecosystem?. Isolation is essential for acquiring novel
microbes and their physiological characteristics, which aid
in understanding their physiological and environmental
functions as well as their potential applications®!. Numerous
bacteria and archaea have been isolated from marine
invertebrates, leading to the identification of several new
taxa®2.

Screening of antimicrobial activity of isolated bacterial
colonies: Table 1 and figure 3 show the antibacterial activity
of the crude extracts of 10 bacterial isolates. Based on the
findings, the ZTS-08 had stronger antibacterial activity
against the tested bacterial and fungal species. The crude
extract of ZTS-08 displayed the highest antimicrobial
activity against Micrococcus luteus (28 mm) followed by
Bacillus subtilis (27 mm), Staphylococcus aureus (24 mm),
Pseudomonas aeruginosa (22 mm), Escherichia coli (21
mm), Salmonella typhi (30 mm), Aspergillus niger (16 mm)
and Saccharomyces cerevisiae (9 mm) whereas the ZTS-08
extract does not exhibit any effect on Candida albicans. In
comparison to other bacterial strains, ZTS-08 demonstrates
superior activity, leading to its molecular identification
through 16s rRNA analysis. Potential antimicrobial species
can be found through the assessment of antimicrobial
activity from crude extracts, which is also used to isolate and
identify the secondary metabolites that give rise to
bioactivities.
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Figure 3: Antimicrobial activity of crude extracts from the ten bacterial isolates.
A) Inhibitory zones of Staphylococcus aureus, B) Inhibitory zones of Bacillus subtilis,
C) Inhibitory zones of Micrococcus luteus, D) Inhibitory zones of Escherichia coli,
E) Inhibitory zones of Salmonella typhi, F) Inhibitory zones of Pseudomonas aeruginosa,
G) Inhibitory zones of Aspergillus niger, H) Inhibitory zones of Candida albicans,
1) Inhibitory zones of Saccharomyces cerevisiae.
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Table 1
Antimicrobial activity of crude extracts from the ten bacterial isolates.
Name of the Strain Zone of Inhibition (mm) of ZTS isolates
01 | 02| 03 | 04 |05/06 | 07| 08 |09 |10 | +Ve | -Ve
Staphylococcus aureus - - - 18 - |16 | 15| 24 | - - 28 -
Bacillus subtilis 21 | - 11 14 - (12 -] 27 - - 30 -
Micrococcus luteus - - - 16 - - - | 28 - - 28 -
Escherichia coli 11| 8 9 10 - [ 11|11 ] 21 - - 26 -
Salmonella typhi - - - - - - - | 20 | - - 26 -
Pseudomonas aeruginosa - - - 11 - - - 22 - - 24 -
Aspergillus nigra 12| - - 8 - - - 16 | - - 22 -
Candida albicans - - - - - - - - - - 18 -
Saccharomyces cerevisiae - - - - - - - 9 - - 18 -

Bacteria are one of the finest natural resources for
antimicrobial chemicals because they may compete with
other microorganisms to maintain the health of their colonies
and minimise potentially hazardous microbes*. As
demonstrated by the current results, Lotfy et al*? found that
the fungal isolate Aspergillus awamori produced a bioactive
chemical called DEHP, which demonstrated strong
antibacterial activity against Gram-negative bacteria and
Candida albicans. The presence of secondary metabolites in
the extracts is typically linked to their antimicrobial
properties.

Molecular and Phylogenetic characterization of ZTS-08
Genomic DNA quality and quantity: The findings were
reported as mean * standard deviation (SD) derived from
three separate experiments. The extraction of genomic DNA
from bacterial isolate ZTS-08 was accomplished, yielding a
total DNA content of 4268 pg/gm. The absorbance ratio of
the extracted DNA at A260/280 is measured at 1.9+0.01.
The molar percentage of G+C in ZTS-08 genomic DNA was
determined to be 54.68%. The melting temperature of DNA
correlates directly with the molar percentage of guanine and
cytosine content. The Marmur equation's slope of regression
is 0.41 and the number 69.3 is obtained by estimating the
DNA with 100 mol% A+T intersecting the temperature axis
at 69.3°C. The genomic DNA extracted from ZTS-08
appeared as a distinct band on 1% agarose gel. Figure 4A
displays the genomic DNA band on a 1% agarose gel.

PCR amplification and sequencing of 16s rRNA gene:
The high discriminating strength and primer specificity of
the 16s rRNA gene have made it an effective tool for
phylogenetic research?®. The primers used for the
amplification of the 16S rRNA from the bacterial isolate
ZTS-08 vyielded distinct single bands measuring 1500 bp,
demonstrating high quality. Figure 4B illustrates the PCR
amplification of the 16s rRNA gene as observed in 1.5%
agarose gel. The amplified PCR gene product from ZTS-08
was sequenced using Sanger's di-deoxy method and the
results were deposited in the NCBI database under the
accession number PQ621652.

The development of molecular methods, such as 16s rRNA
isolation and sequencing procedures, has made it possible to
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discover various kinds of microbial communities with great
efficacy. The 16S rRNA gene, due to its high degree of
conservation and functional consistency, has emerged as a
crucial evolutionary indicator that can identify the three
facets of life’®. The bacterial isolate ZTS-08 was identified
in this study using the 16S rRNA technique sequencing and
the molecular characterisation aids in understanding the
evolutionary relationships between ZTS-08 and related
species. Numerous instances have extensively used the 16s
rRNA gene sequence to distinguish between Actinomycetes
and non-Actinomycetes bacteria, as well as anaerobic Gram-
positive bacilli, a task often challenging in clinical
microbiology'2.

Tazi et al*® noted that direct sequencing of 16s IRNA genes
from environmental samples has emerged as a prevalent and
efficient method for analysing microbial community
prevalence, organisation and function. The 16s rRNA gene
was used because its coding region is easy to amplify and
make a sequence. This has a big effect on phylogenetic
studies because it makes it possible to reliably put taxa into
groups and genera.

Figure 4: Photograph showing A) bacterial isolate ZTS-
08 genomic DNA in 1% agarose gel B) PCR amplified
16S rRNA gene band in 1.5% agarose gel.

Sequence analysis: The sequence properties, including

nucleotide composition and %GC, were assessed using the
GC content calculator from Biologics International Crop
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(https://www.biologicscorp.com/tools/GCContent/).  The
nucleotide makeup of the ZTS-08 16S rRNA gene is
presented in table 2. The 16s rRNA gene sequence consists
of 333 bp of adenine (A), 283 bp of thymine (T), 500 bp of
guanine (G) and 367 bp of cytosine (C). The G+C content
was calculated to be 58.46%. Figure 5 illustrates the GC
distribution across the amplified 16s rRNA gene sequence of
ZTS-08.

One extremely variable feature of every species is its GC
content. According to Lynch?3, the GC content of bacterial
species might vary between 25 and 75 percent. In line with
previous studies, the 16s rRNA gene from bacterial isolate
ZTS-08 has a comparatively high GC content. Hildebrand et
al'” observed significant variability in GC content among
bacterial species, with values ranging from 13% to 75%
across different species. Mann and Chen?* estimate that a
number of factors, including evolutionary changes and
environmental impacts, are implicated in the GC variation,
even though the precise causes of these variations in GC
content within and between species are unclear.

Sinden? proposed that high GC content may be favoured by
evolution due to the increased resilience of DNA, as the
assembling of guanine and cytosine requires more energy
than the positioning of adenine and thymine. This is further
supported by Zhang and Gao® findings, who showed that as
amino acids are selectively adopted to be found in GC-rich
species, rising percentages of amino acids translated by GC-
rich codons favourably contribute to enhanced evolutionary
trends. Therefore, elevated GC composition results in
microbial genomes being less prevalent than AT nucleotides,
indicating that bacterial genes possess a high GC content. In
accordance with a study by Foerstner et al'® microbial
communities that live in the same environments typically
have a comparable percentage of GC, irrespective of the
taxonomic classification.

Multiple sequence alignment: The BLASTN report shows
the percentage of identity for the sequences that are
comparable to the ZTS-08 16s rRNA sequence. BLASTn
screening of ZTS-08's 1483 bp 16s rRNA gene sequence
against the GenBank database showed that ZTS-08 shares
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similarities with Streptomyces and Nocardiopsis species.
The results indicate that the 16s rRNA gene sequence
of ZTS-08 exhibits a 99% identity to Nocardiopsis
dassonvillei strain OK-8, with an E value of 0.0. A total of
15 sequences from the Nocardiopsis and Streptomyces
genera were retrieved from the GenBank database and used
for multiple sequence alignment. The sequences chosen for
the multiple sequence alignment and phylogeny are
presented in table 3.

Multiple sequence alignments showed that 16s rRNA has a
varying number of deletions and insertions. The variance,
conserved and parsimony sites of 16s rRNA alignments are
0.88, 0.06 and 0.021 respectively, with a mean distance of
0.01 (Table 4). The evolutionary variation in sequences at
the generic level ranges from 0.00068 to 0.02368. ZTS-08
has the greatest evolutionary divergence with Nocardiopsis
alborubida strain OAct926 (0.02368) and the lowest with
Nocardiopsis  synnemataformans (0.00539). Table 5
illustrates the evolutionary divergence of selected species.
High levels of conservation were found when multiple
sequence alignments were performed on the 16s rRNA gene
sequences.

Multiple sequence alignment (MSA) methods integrate
computational techniques to align evolutionarily related
sequences, considering all evolutionary events such as
mutations, insertions, deletions and rearrangements3.
Computing the distance matrix revealed the disparities
among the selected sequences, the maximum-parsimony
phylogenetic tree was constructed using MEGAX based on
the distance matrix and the bootstrap method with 1000
repetitions for all nodes evaluated topologies'.

Phylogeny: In the phylogenetic tree, there were two main
clades and the first main clade consisted of two subclades.
The first subclade of main clade consisted of two clades,
which were composed of ZTS-08, Nocardiopsis dassonvillei
strain OK-8 (KF543088.1), Nocardiopsis halotolerance
strain OK-4 (KC759319.1), Streptomyces sp. VL61
(KC492827.1) and Streptomyces flavidofuscus strain
174510 (EU593716.1).

80

40

20

I

f

L

lﬂ }\ 'i [| A
l’llllﬂ|l. )‘Hﬁ \ h]JHHJ ! H"”h

—— GC Content

U\; f N ﬁf“\'

!

¥

LAl iy
['.”.H'

T||

0

N DJ\ ,\%'\ qj‘\ ,5%'\ cg}'\ E‘m E?;\ qlrl"\ T;\'\ QJQ'\ 0-_,?'\ a\(}%f\ \,\-1"\ *-:16\ {:‘rﬁ'\ *‘&L\

Figure 5: GC distribution over the amplified 16s rRNA gene sequence of ZTS-08.
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Table 2
Nucleotide composition of ZTS-08 16s rRNA gene
S.N. Parameter Number of nucleotides % of nucleotides
1 Total bases 1483 --
2 Adenine 333 22
3 Thymine 283 21
4 Guanine 500 33
5 Cytosine 383 24
6 G+C 367 58.46
Table 3
List of selected species sequences used for MSA and phylogenetic study
Species Max Total | Query E % Length

score score cover value | Ident.
KF543088.1 Nocardiopsis dassonvillei 2667 2667 99% 0.0 99.06 1494

strain OK-8
MF321781.1 Nocardiopsis 2575 2575 97% 0.0 98.70 1614
synnemataformans strain Alw2
KC492827.1 Streptomyces sp. VL61 2575 2575 99% 0.0 98.05 1526
MW448353.1 Actinomycetes bacterium 2569 2569 97% 0.0 98.63 1468
strain P46
MHS843116.1 Nocardiopsis 2567 2567 97% 0.0 98.69 1478

synnemataformans strain KaS3
KM214828.1 Streptomyces sp. Ahbb4 2564 2564 97% 0.0 98.56 1523
KC759319.1 Nocardiopsis halotolerance 2564 2564 98% 0.0 98.36 1466

strain OK-4
X97885.1 Nocardiopsis antarctica 2562 2562 97% 0.0 98.63 1461
ON8104321.1 Nocardiopsis alborubida 2558 2558 97% 0.0 98.49 1458
strain DB

NR 112743.1 Nocardiopsis alborubida 2558 2558 97% 0.0 98.49 1458
strain NBRC 13392
MG661750.1 Nocardiopsis alborubida 2553 2553 97% 0.0 98.42 1551
strain OAct926
MHS843133.1 Nocardiopsis dassonvillei 2551 2551 97% 0.0 98.62 1457
strain KaW34

EU593716.1 Streptomyces flavidofuscus 2542 2542 97% 0.0 98.48 1461
strain 174510

KU744854.1 Nocardiopsis dassonvillei 2542 2542 97% 0.0 98.29 1467

strain YHSA42
OMO033449.1 Actinomycetes bacterium 2540 2540 97% 0.0 98.29 1455
strain MAF14
Table 4
Phylogenetic parameters of ZTS-08
S.N. Parameter Value
1 Conserved sites (%) 88.72
2 Variable sites (%) 6.27
3 Parsimony sites (%) 2.13
4 Singletons (%) 3.16
5 Overall mean distance 0.01
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The second subclade of main clade 1 consisted of two clades,
which were composed of Nocardiopsis synnemataformans
strain Alw2 (MF321781.1), Nocardiopsis dassonvillei strain
Kaw34  (MH843133.1), Nocardiopsis  antarctica
(X97885.1), Actinomycetes  bacterium  strain P46
(MW448353.1) and Nocardiopsis synnemataformans strain
KaS3 (MH843116.1). The second main clade of main clade
was composed of two subclades.

The first subclade of main clade 2 consisted of two
subclades, which were composed of Nocardiopsis
dassonvillei strain YHSA42 (KU744854.1), Actinomycetes
bacterium strain MAF14 (OMO033449.1) and Streptomyces
sp. Ahbb4 (KM214828.1) while the second subclade of main
clade 2 is composed of Nocardiopsis alborubida strain DB
(ON810432.1), Nocardiopsis alborubida strain NBRC
13392 (NR_112743.1) and Nocardiopsis alborubida strain
OACt926 (MG661750.1). Molecular phylogenetics reveals
that the bacterial isolate ZTS-08 belongs to the Nocardiopsis
dassonvillei species. Figure 6 displayed the maximum-
parsimony phylogenetic tree. According to DeGroot et al'?,
generic level identification was considered successful when
all hits concerned a single genus and the maximum percent
identification scores were higher than 95%.

The identification of species was considered successful only
when one species with the greatest percent identity score
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(greater than 95%) was included. The integration of various
species and strains primarily arranges classes in the
phylogenetic tree. Thus, creating a local barcode database is
essential for many ecological applications, such as building
a community phylogenetic tree?.

Conclusion

The current findings indicate that the bacterial strain ZTS-08
demonstrated more effective antimicrobial potential
compared to all 10 isolates from T. telescopium. The
amplification of the 16S rRNA from the bacterial isolate
ZTS-08 produced clear single bands measuring 1483 bp with
the G+C content calculated at 58.46%. Additionally, ZTS-
08 exhibits the highest similarity to Nocardiopsis
dassonvillei strain OK-8, showing an identity of 99%. In
terms of evolutionary divergence, ZTS-08 is most similar to
Nocardiopsis alborubida strain OAct926 (0.02368) and least
similar to Nocardiopsis synnemataformans (0.00539).

The phylogenetic analysis indicated that the bacterial isolate
ZTS-08 is closely related to the Nocardiopsis dassonvillei
strain OK-8 (KF543088.1). The current investigation
revealed that T. telescopium serves as a significant source of
bioactive bacteria. The findings concluded that the isolated
bacterial strain ZTS-08 exhibits superior antimicrobial
properties against a broad spectrum of microbial species.
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Figure 6: Maximum Parsimony tree of bacterial isolate ZTS-08 and other relative species.
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Table 5
Estimates of evolutionary divergence among the selected species.
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