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Abstract
Actinomycetes are filamentous, Gram-positive bacteria of major ecological and biomedical importance 
due to their exceptional ability to produce diverse bioactive secondary metabolites encoded by 
numerous biosynthetic gene clusters. In the present study, actinomycetes were isolated from 
rhizospheric and non-rhizospheric soil samples and systematically characterized using morphological, 
biochemical, and molecular approaches. The isolates were screened for antimicrobial, antioxidant, and 
L-glutaminase-producing potential, followed by 16S rRNA gene sequencing for taxonomic identification. 
Several isolates exhibited strong antibacterial activity against clinically significant pathogens, including 
Staphylococcus aureus (NCIM 2073) and Escherichia coli (NCTC 9001). Antioxidant potential evaluated 
using the DPPH radical scavenging assay confirmed the presence of redox-active metabolites. 
Efficient production of L-glutaminase, an amidohydrolase enzyme was observed. To complement the 
experimental findings, in silico molecular docking studies were performed to investigate the interaction 
of selected bioactive compounds with relevant target proteins, providing mechanistic insights into 
binding affinity and molecular stability. The docking results revealed favourable binding energies 
and key hydrogen-bond and hydrophobic interactions, supporting the observed biological activities. 
Overall, the integrated experimental and in silico approach highlights soil-derived actinomycetes as 
versatile and sustainable bioresources with significant pharmaceutical and biotechnological potential, 
emphasizing their role in combating antimicrobial resistance and enabling the rational development 
of novel therapeutic and industrial products.
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INTRODUCTION

	 Actinomycetes are a group of unicellular 
filamentous, Gram-positive bacteria that play a 
crucial role in microbial biotechnology and soil 
ecosystems. Their principal ecological niche is soil, 
where they actively assist in the decomposition of 
organic materials and the recycling of nutrients. 
They are widely distributed in both terrestrial 
and aquatic environments. Actinomycetes 
are morphologically characterized by mycelial 
growth, aerial and substrate hyphae, and spore 
production. Until molecular and phylogenetic 
analysis, these traits were considered as fungus.1 
Their genomes are generally high in guanine 
and cytosine (G+C content), which is linked to 
genetic stability and adaptability to challenging 
environmental circumstances. Numerous bioactive 
metabolites are produced by these microbes. 
More than two-thirds of all naturally derived 
antibiotics currently used in clinical settings 
come from the genus Streptomyces, which is 
the most studied and commercially exploited. 
Actinomycetes are the source of traditional 
antibacterial drugs including streptomycin, 
tetracycline, erythromycin, rifampicin, and 
chloramphenicol, which have transformed 
contemporary medicine. Actinomycete-derived 
metabolites have enormous therapeutic 
potential due to their antifungal, antiviral, 
antiparasitic, anticancer, and immunosuppressive 
characteristics in addition to their antibacterial 
action.2 Actinomycetes are becoming more widely 
acknowledged as important sources of industrial 
enzymes and antioxidant metabolites in addition 
to antibacterial substances. Numerous species 
generate redox-active molecules, flavonoids, 
and phenolic compounds that can scavenge 
reactive oxygen species, reducing oxidative 
stress linked to inflammatory illnesses, cancer, 
ageing, and neurological conditions. Assays like 
DPPH, ABTS, and FRAP have been frequently 
used to assess the antioxidant potential of 
actinomycetes.3 Because of these characteristics, 
actinomycetes are now useful in nutraceutical 
and functional food applications in addition to 
pharmaceutical. In addition to its usage in flavor 
enhancement, biosensors, and biocatalysis, 
L-glutaminase has gained special attention due 
to its therapeutic value in the treatment of 

cancer. Recent years have seen a resurgence of 
scientific interest in the study of actinomycetes 
from various sources due to the rapid growth 
of multidrug-resistant diseases. In this regard, 
finding potential candidates with antibacterial, 
antioxidant, and enzyme-producing ability still 
requires the systematic isolation, characterization, 
and functional assessment of actinomycetes. 
Thus, the goal of this study is to investigate soil 
actinomycetes as multipurpose bioresources with 
important uses in the biotechnological, industrial, 
and medicinal fields.4

METHODOLOGY

Collection and isolation of samples
	 Actinomycetes were isolated from six 
soil samples using the viable plate count method 
and serial dilution up to 10-9 The samples were 
plated on Actinomycetes Isolation Agar (Himedia) 
supplemented with griseofulvin and fluconazole, 
and were subsequently incubated at 35 °C. Pure 
cultures were obtained by streak plating.5

Morphological and biochemical characterization 
	 The morphological characterization was 
done, which included Gram staining, aerial and 
substrate mycelium, and spore morphological 
studies by the cover slip method. The biochemical 
tests included Catalase, indole, methyl red, Voges-
Proskauer, citrate utilization, gelatin hydrolysis, 
and carbohydrate fermentation tests that provide 
details on metabolic profiles.6

Genomic DNA isolation (CTAB method)
	 Bacterial isolates were cultivated in LB 
broth, then centrifugation was used to extract the 
cells. After suspending the pellet in CTAB extraction 
buffer, it was incubated for 30 minutes at 60 °C. 
Chloroform:isoamyl alcohol (24:1) was used to 
extract the supernatant following centrifugation. 
After precipitating DNA with cold isopropanol, it 
was cleaned with 70% ethanol, allowed to air dry, 
and then dissolved in TE buffer. DNA concentration 
was measured after RNase A treatment.

DNA purification
	 A commercial spin-column kit was used 
to further purify the isolated DNA in accordance 
with the protocol. Before PCR amplification, the 
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Table 1. List of selected bioactive ligands associated with actinomycetes, including their PubChem compound IDs and 
corresponding chemical structures, used for ligand preparation and subsequent in silico molecular docking studies

No.	 Ligands	  Molecule names	 Structure

1.	 65064	 Epigallocatechin gallate	

	

2.	 234402	 Allantodapsone	

	

3.	 9810884	 9810884	

	

4.	 439199	 Amino-N-[2-(methylamino)-	
		  2-oxoethyl]acetamide

	

5.	 2266	 Azelaic acid	

purified DNA was quantified and eluted in elution 
buffer.7

PCR amplification of 16S rRNA gene
	 T h e  u n i v e r s a l  p r i m e r s  2 7 F 
(5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R 
(5'-GGTTACCTTGTTACGACTT-3') were used to 
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amplify the 16S rRNA gene. Template DNA (25-40 
ng), PCR buffer, MgCl2, dNTPs, forward and reverse 
primers, Taq DNA polymerase, and nuclease-free 
water were all included in each 25 µL PCR reaction. 
Initial denaturation at 95 °C for two minutes, thirty 
cycles of denaturation at 95 °C for thirty seconds, 
annealing at 50 °C for thirty seconds, extension 
at 72 °C for one minute, and a final extension at 
72 °C for ten minutes comprised the PCR cycling 
conditions.8

Gel extraction and purification
	 The appropriate bands were removed and 
purified using a gel extraction kit in accordance 
with the manufacturer’s instructions after PCR 
products were resolved on an agarose gel.9

Sanger sequencing
	 The same primers were used to perform 
Sanger sequencing on purified PCR results. 
Following conventional cycling conditions for 
sequencing reactions, ethanol-EDTA precipitation 
was used for post-reaction purification. After 
being denatured in Hi-Di formamide, the refined 
products were fed into an automated DNA 
Sequencer. Sequence analysis software, such as 
FinchTV, BioEdit, and ChromasLite, was used to 
examine chromatogram files (ab1). For identifying 
bacteria, high-quality sequences were put 
together and compared with reference sequences 
in the NCBI BLAST database.10

Ligand preparation
	 Bioactive ligand constituents associated 

with actinomycetes were retrieved from the 
PubChem database based on an extensive review of 
the literature. Five selected ligands-Epigallocatechin 
gallate (CID 65064), Allantodapsone (CID 234402), 
CID 9810884, N-amino-N-[2-(methylamino)-2-
oxoethyl]acetamide (CID 439199), and Azelaic 
acid (CID 2266)-were downloaded in SMILES and 
SDF formats. These ligands were prepared by 
adding hydrogen atoms, assigning appropriate 
charges, and performing energy minimization 
before further in silico molecular docking analysis  
(Table 1).11

Protein selection and preparation
	 The three-dimensional crystal structures 
of Fibronectin-binding protein (PDB ID: 1KZN) 
and Glycoprotein adhesin SasA (PDB ID: 4F20) 
were retrieved from the RCSB Protein Data Bank 
(PDB). These structures were prepared using the 
protein preparation wizard of Maestro v13.3 to 
fix all the problems in the existing structures. 
The bond orders were assigned, hydrogen bonds 
optimized, and missing loops and side chains were 
filled using Prime. Additionally, water molecules 
were Removed12 (Figure 1).

Binding site prediction
	 The binding sites of proteins were 
retrieved using the Sitemap tool of the Schrodinger 
Suite. The top-ranked potential binding site was 
selected in the receptor grid generation tool of the 
suite to generate a grid surrounding the binding 
site amino acid residues for both proteins, which 
generated grid zip files as the output.13

Figure 1. 3D structures of proteins: (a) Fibronectin-binding protein (PDB ID: 1KZN); (b) Glycoprotein adhesin SasA 
(PDB ID: 4F20)
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Molecular docking
	 Molecular  docking studies were 
performed using Schrodinger Glide software to 
evaluate the interactions between selected ligands 
and key biofilm- and resistance-associated protein 
targets. The crystal structures of Glycoprotein 
adhesin SasA from Staphylococcus aureus (PDB 
ID: 4F20), Fibronectin-binding protein from 
Staphylococcus aureus (PDB ID: 1KZN), and an 
extended-spectrum b-lactamase (ESBL) protein 
from Escherichia coli were retrieved from the 
Protein Data Bank. These proteins were selected 
due to their critical roles in biofilm formation, 
host adhesion, and antibiotic resistance. Docking 
analyses were carried out to determine binding 
affinities and key molecular interactions, thereby 
identifying potential inhibitory ligands against the 
selected protein targets.14

Antioxidant activity (DPPH Assay)
	 The DPPH (2,2-diphenyl-1-picrylhydrazyl) 
assay measures antioxidant activity by measuring 
a compound’s capacity to quench the stable 
DPPH free radical. Ascorbic acid was maintained 
as standard. Spectrophotometric measurements 
reveal a colour shift from deep purple to yellow 
when DPPH is reduced by electron or hydrogen 

donation.15 The absorbance was measured at 517 
nm and the percentage of scavenging activity was 
determined using the formula
	 %   R a d i ca l   s cave n g i n g   a c t i v i t y = 
[1-(Absorbance of control/Absorbance of sample)] 
×100

Screening for L-glutaminase production
Primary screening
	 Agar plates enriched with L-glutamine 
and phenol red as a pH indicator were used for 
primary screening. Around colonies, a shift in color 
from yellow to pink or red suggested the formation 

Table 2. Distribution of actinomycete isolates obtained 
from six soil samples, indicating the number of isolates 
recovered and selected for further characterization

Soil	 Soil	 Total	 Selected 
Samples 	 Colour	 Isolates	 Isolates
		  Obtained	 for study

S1	 Black soil	 11	 4
S2	 Black soil	 09	 3
S3	 Red soil	 07	 4
S4	 Lateritic	 08	 3
S5	 Lateritic	 13	 3
S6	 Red soil	 10	 3
Total		  58	 20

Figure 2. (a) Representative colony morphology of actinomycete isolates observed on agar plates, showing 
characteristic growth patterns; (b) Representative Gram-stained and spore morphology of actinomycete isolates 
revealing rectus, flexibilis and open hook arrangements under light microscopy
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of L-glutaminase as a result of ammonia release 
and the ensuing rise in pH.16,17

Semi-qualitative 
	 Actinomycetes were grown in a production 
medium that included glucose, mineral salts (NaCl, 

KH2PO4, MgSO4), and L-glutamine as the nitrogen 
source. The cultures were shaken and incubated 
for 48-72 hours at 30-37 °C. Whatman No. 1 filter 
paper was used to filter the broth after it had been 
incubated, and the filtrate was gathered for Semi-
Qualitative analysis.16,17

Table 3. Biochemical characterisation of actinomycete isolates (AM1-AM20), including Gram staining and enzymatic 
and metabolic test results

Isolate	 Grams	 Catalase	 Indole 	 Methyl	 Voges-	 Citrate	 Gelatine	 Carbohydrate
Code	 Staining			   Red	 Proskauer	 Utilization	 Hydrolysis	 Fermentation

AM1	 +	 +	 −	 +	 −	 +	 −	 −
AM3	 +	 +	 −	 −	 +	 −	 −	 −
AM6	 +	 +	 +	 −	 −	 +	 −	 −
AM7	 +	 +	 +	 +	 +	 +	 −	 −
AM9	 +	 +	 −	 +	 −	 −	 −	 −
AM11	 +	 +	 +	 −	 +	 +	 −	 −
AM13	 +	 +	 −	 +	 −	 +	 −	 −
AM15	 +	 +	 −	 −	 +	 −	 −	 −
AM17	 +	 +	 +	 +	 −	 +	 −	 −
AM18	 +	 +	 −	 −	 −	 −	 −	 −
AM19	 +	 +	 −	 +	 +	 +	 −	 −
AM20	 +	 −	 −	 −	 −	 −	 −	 −

Where: (+) Positive reaction; (−) Negative reaction

Figure 3. BLASTN analysis of the 16S rRNA gene sequence showing significant similarity with actinomycete taxa, 
confirming the phylogenetic affiliation of the isolate based on high sequence identity and query coverage
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Figure 4. Agarose gel electrophoresis showing intact genomic DNA isolated from the actinomycete isolate, with a 
clear high-molecular-weight DNA band indicating good quality extraction

Antibacterial activity of Actinomycetes
Primary screening
	 The actinomycete culture was streaked as 
a single streak on the media and then incubated 
for four to five days. After growing, the bacterial 
culture was incubated at the proper temperature 
and streaked perpendicularly. The decreased 
growth near the streaked line was indicative of 
the antibacterial activity.18

Secondary
	 The actinomycetes cultures were grown 
in Starch Casein Nitrate Broth at 35 °C for 7 days. 
Filtration was done to obtain the culture extract. 
The 24 hours old test organisms were Escherichia 
coli and Staphylococcus aureus cultures that were 
24 hours old were utilized as test organisms on 
Mueller-Hinton agar. The perpendicular streak 
method was used to assess antibacterial activity; 
antibacterial potential was shown by the inhibition 
of bacterial growth close to the actinomycete 
streak.18

RESULTS

Isolation and characterization
	 A total of 58 actinomycete isolates were 
obtained from six soil samples. Among these, 20 
isolates were selected for further study based 
on distinct morphological characteristics. The 
distribution of isolates across the six soil samples 
is presented in Table 2. 

	 The isolates were powdery, velvety, slimy, 
and cottony, and their pigmentation ranged from 
chalky white to greyish white. All isolates were 
Gram-positive. The coverslip study of isolates 
showed a variety of spore chain configurations, 
such as spiral, hook, and rectus (straight). 
All isolates had positive catalase activity and 
negative gelatin hydrolysis and carbohydrate 
fermentation of all tested sugars, according to 
biochemical characterization, which revealed 
variable reactions. Five isolates were positive for 
Indole, seven isolates were positive for Methyl red, 
five isolates were positive for Voges-Proskauer, six 
isolates were positive for citrate and one negative 
for catalase. The morphological and microscopic 
characteristics of representative isolates are shown 
in Figure 2, while the biochemical characteristics 
are summarized in Table 3.
 
Bioinformatics analysis
	 The potent isolate AM7 was further 
confirmed through 16S rRNA gene sequencing and 
the 16S rRNA gene sequence (799 bp) showed a 
very strong match, according to the NCBI database. 
With an E-value of 0.0, high query coverage 
(~93%), and ~99%-100% sequence identity, 
Streptomyces indiaensis had the highest BLAST 
similarity (Figure 3). These results confirm that 
the isolate belongs to the genus Streptomyces and 
is closely related to Streptomyces indiaensis. This 
molecular identification supports its taxonomic 
position based on 16S rRNA analysis. The GenBank 
accession number is JQ065726.1.
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Table 4. Docking results of Protein 4F20 Staphylococcus aureus

No.	 Protein Name	 Molecule Name	 H-bond 	 D-Scores 	 Ligand interactions 
	 and ID

1.	 4F20 Crystal 	 Epigallocatechin	 6	 -8.878	
	 structures	 gallate
	 Staphylococcus
	 aureus

2.		  Allantodapsone	 3	 -6.577	

3.		  9810884	 2	 -6.281	

4.		  Amino-N-[2-(methylamino)-	 3	 -3.599	
		  2-oxoethyl]acetamide

5.		  Azelaic acid	 3	 -0.560	
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Protein-ligand interaction analysis
	 The docking study of Glycoprotein 
adhesin SasA (PDB ID: 4F20) from Staphylococcus 
aureus demonstrated significant interactions 
with the tested phytocompounds. Among the 
evaluated molecules, ligand Epigallocatechin 
gallate showed the highest binding affinity with 
a docking score of -8.878 kcal/mol, forming six 
hydrogen bonds, indicating a strong and stable 
interaction. The detailed docking interactions and 
binding scores of protein 4F20 are summarized in 
Table 4. Allantodapsone exhibited a binding energy 
of -6.577 kcal/mol with three hydrogen bonds, 
suggesting favorable binding within the active 
site of the protein. Ligand ID 9810884 displayed 
a docking score of -6.281 kcal/mol, forming two 
hydrogen bonds, whereas ligand Amino-N-[2-
(methylamino)-2-oxoethyl]acetamide showed 
moderate binding affinity (-3.599 kcal/mol) with 
three hydrogen bonds. The weakest interaction 
was observed with ligand ID 2266, which exhibited 
a low binding energy of -0.560 kcal/mol despite 
forming three hydrogen bonds. Taken together, 
the docking analysis indicates that ligand 65064 
and ligand Allantodapsone possess the greatest 
potential to inhibit fibronectin-mediated biofilm 
formation in S. aureus, warranting further 
experimental validation.
	 The molecular docking analysis of 
the target protein 1KZN revealed strong and 
variable binding interactions with the selected 
phytocompounds. Among the tested molecules, 
ligand Allantodapsone exhibited the highest 
binding affinity with a docking score of -11.349 

kcal/mol, forming three hydrogen bonds, indicating 
a highly stable protein-ligand complex. Ligand 
Epigallocatechin gallate also showed excellent 
binding, with docking scores of -10.440 kcal/
mol (four hydrogen bonds) and -9.610 kcal/
mol (five hydrogen bonds) in different binding 
conformations, suggesting consistent interaction 
stability. Ligand ID 9810884 demonstrated strong 
binding affinities of -10.366 kcal/mol with one 
hydrogen bond and -7.104 kcal/mol with two 
hydrogen bonds, reflecting orientation-dependent 
interactions within the binding pocket. Ligand 
Amino-N-[2-(methylamino)-2-oxoethyl]acetamide 
showed moderate binding affinity with a docking 
score of -7.950 kcal/mol and three hydrogen 
bonds, whereas the weakest interaction was 
observed for ligand, which exhibited a docking 
score of -3.121 kcal/mol with two hydrogen 
bonds. Overall, the docking results indicate that 
ligand Allantodapsone and Epigallocatechin gallate 
possess the strongest interaction potential with 
the 1KZN protein, highlighting them as promising 
candidates for further experimental validation. 
The docking interactions and binding affinities 
of ligands with protein 1KZN are presented in  
Table 5.
	 A f te r  t h e  syste m at i c  i s o l at i o n , 
morphological and biochemical characterization of 
actinomycetes, followed by genomic DNA isolation, 
16S rRNA gene amplification, gel purification, and 
Sanger sequencing, the biological potential of the 
identified isolates was further validated through 
in silico molecular docking studies. The quality 
and integrity of the isolated genomic DNA were 

Figure 5. (a) Standard calibration curve of ascorbic acid showing the linear relationship between absorbance and 
concentration (µg); (b) DPPH radical scavenging assay depicting percentage inhibition as a function of sample 
concentration (µl)
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Table 5. Docking results of protein 1KZN Escherichia coli

No.	 Protein Name	 Molecule Name	 H-bond 	 D-Scores 	 Ligand interactions
	 and ID

1.	 1KZN Escherichia	 Allantodapsone	 3	 -11.349	
	 coli

2.		  Epigallocatechin gallate	 4	 -10.440	

3.		  9810884	 1	 -10.366	

4.		  Amino-N-[2-(methylamino)-	 3	 -7.950	
		  2-oxoethyl]acetamide

5.		  Azelaic acid	 2	 -3.121	
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confirmed by agarose gel electrophoresis as 
shown in Figure 4. The docking analysis provided 
a scientific link between the experimentally 
observed antimicrobial and enzyme-producing 
activities and their possible molecular mechanisms. 
Selected Ligands were docked against key target 
proteins associated with pathogenicity and 
biofilm formation in Staphylococcus aureus and 
Escherichia coli, revealing strong and stable 
protein-ligand interactions characterized by 
favorable binding energies and multiple hydrogen 
bonds. Notably, ligands such as Epigallocatechin 
gallate and Allantodapsone showed high binding 
affinity toward fibronectin and the 1KZN protein, 
supporting their potential role in disrupting 

microbial adhesion, biofilm formation, and 
survival pathways. Thus, the in silico docking 
results scientifically validate and complement 
the experimental findings, strengthening the 
conclusion that actinomycete-derived bioactive 
compounds represent promising candidates 
for the development of novel antimicrobial and 
biotechnological applications.

Antioxidant activity (DPPH)
	 The actinomycete extracts exhibited 
significant free radical scavenging activity in the 
DPPH assay, indicating the presence of redox-
active secondary metabolites. The standard 
calibration curve and DPPH radical scavenging 

Figure 6. A) Control B) Positive result for Primary screening of L-glutaminase on phenol red-L-glutamine agar showing 
a distinct pink halo around isolate AM7 due to alkaline shift from L-glutaminase activity, while other isolates exhibit 
weak or no color change

Figure 7. Primary antibacterial screening of actinomycete 
isolates by the perpendicular streak method showed 
distinct inhibitory activity of isolate AM7 against 
Escherichia coli and Staphylococcus aureus, while other 
isolates exhibited weak or no inhibition

activity are illustrated in Figure 5. Among the 
isolates, AM7 showed the highest percentage 
inhibition, demonstrating strong antioxidant 
potential compared to other isolates. 
	
Screening for L-glutaminase
	 Primary screening using phenol red–L-
glutamine agar revealed distinct pink zones around 
isolate AM7, indicating efficient L-glutaminase 
production due to ammonia release and an 
alkaline shift in the medium. The results are 
depicted in Figure 6.

Antibacterial activity
Primary screening
	 Twelve isolates (AM1, AM3, AM6, AM7, 
AM9, AM11, AM13, AM15, AM17, AM18, AM19, 
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AM20) inhibited both the test organisms. Isolate 
AM7 showed distinct inhibitory activity against 
both Escherichia coli and Staphylococcus aureus 
during primary screening using the perpendicular 
streak method, whereas other isolates showed 
little to no inhibition. The primary antibacterial 
screening results are shown in Figure 7.

Secondary screening
	 Around six isolates (AM1, AM7, AM9, 
AM11, AM13, AM17) showed inhibition. Further 
study revealed that AM7 exhibited potent and 
repeatable antibacterial action, indicating the 
generation of broad-spectrum antimicrobial 
secondary metabolites, while the other isolates 
showed no discernible inhibition, according to 
antibacterial screening using the perpendicular 
streak method. The secondary antibacterial 
activity results are summarized in Table 6 and 
illustrated in Figure 8.

DISCUSSION

	 The present study demonstrates that 
soil-derived actinomycetes constitute a robust 
and versatile source of bioactive metabolites and 
industrially important enzymes.19 By isolating 
actinomycetes from both rhizospheric and non-
rhizospheric environments, this work captured 
ecological diversity that directly translated into 
functional and metabolic variability. The consistent 
expression of antimicrobial, antioxidant, and 
enzymatic activities underscores the metabolic 
plasticity driven by complex biosynthetic gene 
clusters characteristic of this group. Several 
isolates displayed strong antibacterial activity 
against Staphylococcus aureus and Escherichia 
coli, indicating the production of metabolites 
capable of targeting both Gram-positive and 
Gram-negative bacterial systems.20 Such broad-
spectrum inhibition strongly suggests interference 
with conserved cellular pathways, including cell 
wall synthesis, membrane integrity, or protein 
function. In the context of escalating antimicrobial 
resistance, these findings reinforce the relevance 
of actinomycetes as a critical reservoir for the 
discovery of next-generation antimicrobial 
agents.21

	 The significant antioxidant activity 
observed through DPPH radical scavenging 
assays confirms the synthesis of redox-active 
secondary metabolites. These compounds actively 
neutralize free radicals and may contribute to 
cellular protection against oxidative damage, 
positioning actinomycete-derived antioxidants 
as promising candidates for therapeutic and 
nutraceutical development. The coexistence 

Table 6. Antibacterial activity of actinomycete isolates 
against Escherichia coli and Staphylococcus aureus 
expressed as zones of inhibition (mm). Streptomycin 
was used as the positive control

Isolate Code	 Escherichia	 Staphylococcus 
	 coli 	 aureus

Streptomycin	 38 mm	 37 mm
AM1	 23 mm	 24 mm
AM7	 28 mm	 33 mm
AM9	 19 mm	 21 mm
AM11	 27 mm	 31 mm
AM13	 23 mm	 26 mm
AM17	 17 mm	 21 mm

*Values represent the diameter of inhibition zones measured 
in millimetres (mm), indicating the relative antibacterial 
efficacy of each isolate

Figure 8. Secondary antibacterial screening of 
actinomycete isolates by the perpendicular streak 
method showing clear zones of inhibition, with isolate 
AM7 exhibiting strong and reproducible broad-spectrum 
antibacterial activity compared to other isolates 
displaying weak or no inhibition
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of antimicrobial and antioxidant properties 
within the same isolates further highlights their 
multifunctional metabolic potential. Moreover, 
the efficient production of L-glutaminase by 
selected isolates establishes their importance in 
biotechnological and biomedical applications. By 
catalyzing glutamine hydrolysis, L-glutaminase 
plays a crucial role in food biotechnology, 
biosensor design, and anticancer strategies that 
exploit glutamine dependency in malignant cells. 
The concurrent synthesis of L-glutaminase and 
secondary metabolites suggests coordinated 
metabolic regulation that enhances industrial 
feasibility.22

	 Importantly, in silico molecular docking 
analyses complemented the experimental 
data by revealing strong binding affinities and 
stable molecular interactions between selected 
bioactive compounds and target proteins. These 
computational insights elucidate key hydrogen 
bonding and hydrophobic interactions responsible 
for ligand stabilization and biological activity. 
The integration of in vitro screening with in 
silico validation strengthens the mechanistic 
interpretation of the results and provides a rational 
framework for lead optimization. Collectively, this 
study positions actinomycetes as strategically 
valuable microorganisms for pharmaceutical 
innovation and industrial biotechnology.14

CONCLUSION

	 The present investigation confirms 
that soil-derived actinomycetes are a prolific 
and sustainable source of biologically active 
secondary metabolites and industrially important 
enzymes. Isolates obtained from rhizospheric 
and non-rhizospheric soils demonstrated marked 
antimicrobial activity against Staphylococcus 
aureus and Escherichia coli, along with significant 
antioxidant potential as evidenced by effective 
DPPH radical scavenging. The efficient production 
of L-glutaminase further emphasizes the 
biotechnological relevance of these strains for 
applications in food biotechnology, biosensor 
development, and anticancer strategies.
	 In the current study, in silico molecular 
docking analyses substantiated the experimental 
findings by revealing strong and stable interactions 
between selected bioactive compounds and target 

proteins. The docked ligands exhibited favorable 
binding energies ranging from approximately -3.88 
to -8.36 kcal/mol, indicating moderate to high 
binding affinity. Among the tested compounds, 
ligand CID 9810884 demonstrated the highest 
affinity with a docking score of -8.358 kcal/mol 
and formed two stabilizing hydrogen bonds, while 
ligand CID 65064 showed consistent binding across 
multiple poses with up to six hydrogen bonds, 
reflecting enhanced interaction stability. Other 
ligands displayed moderate docking scores (-5.30 
to -5.44 kcal/mol) supported by 3-5 hydrogen 
bonds, further validating their binding potential. 
Collectively, the correlation between strong 
docking scores, hydrogen bond interactions, and 
experimental bioactivity highlights the reliability of 
the integrated in vitro-in silico approach. This study 
establishes actinomycetes as promising candidates 
for the rational discovery and development 
of novel antimicrobial agents, antioxidant 
compounds, and enzyme-based therapeutics, 
providing a solid scientific foundation for future 
metabolite purification, structural elucidation, and 
translational research.
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