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Abstract
Halophilic actinobacteria produce secondary metabolites with diverse biological activities. This study 
investigates bioactive compounds from termite mound isolates collected across Virudhunagar, Tamil 
Nadu. Twenty halophilic isolates were screened; only ten tolerated 12% NaCl. Among them, isolate 
N3 exhibited strong antibacterial activity against Klebsiella pneumoniae MTCC 39 and Staphylococcus 
aureus MTCC 96, and antifungal activity against Candida albicans MTCC 282. Bioactive metabolites 
were purified using TLC and identified via GC-MS, revealing diketopiperazine- and peptide-based 
compounds with antimicrobial, antitumor, and anti-inflammatory potential. 16S rRNA sequencing 
confirmed isolate N3 as Microbacterium barkeri (98% similarity). The study highlights the potential 
of halophilic actinobacteria as sources of novel antimicrobial agents and proposes possible coupling 
pathways between hydroxyl and carbonyl groups within bioactive diketopiperazines.

Keywords: Actinobacteria, Antibacterial, Anti-tumour, Anti-Inflammatory, Termite Mound

Abbreviation: TLC - Thin Layer Chromatography; GC-MS - Gas Chromatography-Mass Spectrometry; LB - Luria-Bertani (broth or 
media); MTCC - Microbial Type Culture Collection; DNA - Deoxyribonucleic Acid; RNA - Ribonucleic Acid; SEM - Scanning Electron 
Microscopy; TEM - Transmission Electron Microscopy; NCBI - National Center for Biotechnology Information; BLAST - Basic Local 
Alignment Search Tool; ORCID - Open Researcher and Contributor ID; NaCl - Sodium Chloride; KCl - Potassium Chloride; MgSO4 
- Magnesium Sulphate; CaCl2 - Calcium Chloride; CaCO3 - Calcium Carbonate; UV - Ultraviolet (light); HCl - Hydrochloric Acid; 
GC - Guanine and Cytosine (DNA base pair content); PDA - Potato Dextrose Agar (if mentioned contextually related); MR - Methyl 
Red (test); VP - Voges-Proskauer (test)

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0004-7984-400X
https://orcid.org/0000-0002-1284-7829


	  www.microbiologyjournal.org777Journal of Pure and Applied Microbiology

Arumugam & Natarajan | J Pure Appl Microbiol. 2026;20(1):776-801. https://doi.org/10.22207/JPAM.20.1.61

INTRODUCTION

	 Termite mounds have been traditionally 
used in many cultures for treating skin rashes and 
diseases due to their rich mineral content, microbial 
properties, and potential healing effects. The soil 
from termite mounds contains antibacterial, 
antifungal, and anti-inflammatory compounds 
that may help soothe skin irritations, infections, 
and wounds. The importance of termite mound 
applications lies in their natural healing abilities. 
The clay-like soil is packed with essential minerals 
like calcium, magnesium, and iron, contributing 
to skin repair and detoxification. Additionally, 
termite mounds host beneficial microorganisms 
that might promote skin microbiome balance, 
reducing inflammation and infections. Innovation 
in this practice could involve scientific validation 
and modern applications of termite mound 
extracts in dermatology. By isolating bioactive 
compounds, researchers can develop eco-friendly, 
sustainable skincare products derived from termite 
mound materials. This approach could lead to the 
creation of natural ointments, creams, or masks 
that harness the mound’s healing potential while 
ensuring safety and effectiveness. With rising 
interest in organic and traditional medicine, 
integrating termite mound-based treatments into 
modern dermatology could provide a new frontier 
for sustainable skincare, benefiting communities 
that have long relied on these natural remedies.
	 Gram-positive bacteria having a high 
genomic DNA content of guanine and cytosine 
(G+C) are known as actinobacteria. They have 
been observed in a range of ecological contexts. 
Their component species have been identified as 
the principal source of several bioactive chemicals, 
accounting for 70% of all antibiotics found to 
date.1 Roughly 25% of these were found to be 
non-Streptomyces species, and the remaining 75% 
were found to be Streptomyces.2 
	 Each genome of Streptomyces has many 
biosynthetic gene clusters (BGCs), which are the 
source of various bioactive substances used in 
medicine or agriculture.3 The phylum Bacteria 
has 30 main groupings, of which this is one of the 
biggest. This phylum has 374 genera, the biggest 
of which is Streptomyces, 63 families, 18 orders, 
14 suborders, and six classes.4 Streptomyces is a 
Gram-positive bacterium that shares physiological 

traits with certain fungal species and a GC content 
between 69% and 78% with other Actinobacteria 
genera.5

	 The Streptomycetaceae family and 
the Streptomycetales order encompass them. 
Actinobacteria have produced approximately 
39% of distinct natural chemicals, with the 
Streptomyces genus alone contributing over 80%. 
Many novel Actinobacteria have been identified 
due to the theory that strains from previously 
unidentified sources may be great targets for the 
discovery of bioactive chemicals.6 The objective 
is to investigate the diversity of actinobacteria in 
termite nests and explore their bioactive potential 
as antimicrobial bioactive compound.
	 Termites are a kind of social insect in the 
Isoptera order, and are very similar to cockroaches. 
They inhabit vast colonies with a ruler, their 
queen, and workers, all of whom have distinct 
behaviours and functions. Soil termites assist to 
circulate nutrients in the soil by digesting dead 
plant materials. Termite populations are generally 
located in a protective building termed a “termite 
nest”.7 The subterranean variety is typically found 
underground at depths ranging from 50 to 100 
cm.8

	 Termite mound soil have rich amount 
of clay minerals such as kaolinite, smectite and 
montmorillonite. These minerals may help to 
eliminate toxins and skin conditions, speed 
up healing. Termite mound soil has a diverse 
microbiological life, including bacteria and fungi. 
Some of these microorganisms can produce 
bioactive compounds with antibacterial, anti-
inflammatory or immunomodulatory properties. 
The organic matter in termite mound soil may help 
to improve its therapeutic effects by delivering 
nutrients and promoting a healthy microbial 
ecology. This organic compound may include 
bioactive molecules with therapeutic potential. 
Alkalinity: Termite mound soil is typically alkaline, 
which could explain its antibacterial and wound-
healing properties. Alkaline environments can 
inhibit the growth of certain bacteria and fungus, 
resulting in fewer diseases.9

	 The excessive use of antibiotics has 
resulted in growing antimicrobial resistance.10 
This greatly increases the demand for new drug 
and antibiotic research and development. Natural 
chemicals obtained from microbes, synthetic 
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and semi-synthetic derivatives equivalents have 
traditionally been crucial sources of antibiotics.11 
Current investigations have increasingly directed 
their focus toward extreme environments for 
having competitive conditions that promote 
the production of novel secondary metabolites 
as a defense or/and signaling strategy.12 Also, 
the enzymes and products formed under these 
challenging conditions are more physically and 
chemically stable when facing high pressure and 
temperature.13,14 These metabolites encompass 
a diverse array of compounds, including 
antimicrobial, antifungal, antitumor, antivirals, 
and antioxidants critical in modern medicine.15,16 

The aim of this research is to find the diversity 
of halophilic actinobacteria in termite mound 
soil which is obtained from various areas. 
It also includes the study of investigation in 
biotechnological capabilities of actinobacteria 
which is related to antibacterial, anti- tumour and 
anti-inflammatory properties when the bioactive 
compound is tested against the specific pathogens.
	 Halophilic actinobacteria, thriving in 
high-salinity environments such as salt lakes 
and marine or saline soils, are prolific producers 
of enzymes, antibiotics, and other bioactive 
secondary metabolites. These unique organisms 
synthesize compounds rarely found in non-
halophilic bacteria, many of which display 
potent antibacterial properties effective against 
drug-resistant pathogens. Their adaptation to 
extreme salinity drives the evolution of specialized 
metabolic pathways that enable the production 
of antimicrobial and stress-tolerant molecules, 
making them promising candidates for broad-
spectrum antibiotic development.
	 This  study aimed to isolate and 
characterize halophilic actinobacteria from termite 
mounds in Virudhunagar through morphological, 
biochemical, and Gram-staining analyses. The 
isolates were screened for antimicrobial activity 
against Klebsiella pneumoniae, Staphylococcus 
aureus, and Candida albicans. Secondary 
metabolites were purified and characterized using 
TLC and GC-MS, and the most potent isolate (N3) 
was identified via 16S rRNA sequencing. The study 
further explores the mechanisms and therapeutic 
potential of the identified bioactive compounds as 
antimicrobial, antitumor, and anti-inflammatory 
agents.

MATERIALS AND METHODS

Collection of termite mound samples
	 Samples of termite mounds were 
obtained from three different sites in Nathampaati 
labelled as (N), Pudhupatti (P), and K. Pudur 
labelled as (S). Each termite nest sample (200 g 
per sample from each location) was packaged in 
plastic bags and stored in an icebox for up to 24 
hours before being moved to the laboratory. The 
samples were ground into fine particles. The dried 
materials were mixed in sterile distilled water and 
thoroughly combined before being assessed using 
a pH meter.

Media preparation
	 To prepare the media, the following 
ingredients were used: Glucose - 1.8 g, KCl - 1.2 
g, MgSO4 - 50 mg, CaCl2 - 78 mg, CaCo3 - 50 mg, 
NaCl - 12 g, KH2PO4 - 20 mg, LB broth - 2 g, and 
Agar - 1.8 g for every 100 ml of distilled water. The 
amount of each ingredient was measured using 
a weighing machine. After that, the ingredients 
were dissolved in purified water. The medium’s pH 
was brought to 7.2 as needed. After that, agar was 
added and cooked until it totally dissolved. Once 
all the components had dissolved, the media was 
autoclaved. To prevent contamination, autoclave 
sterilization was carried out at 121 °C for 15 
minutes at a pressure of 15 pounds.

Isolation of Halophilic Actinobacteria from 
Termite Mound 
	 Halophilic Actinobacteria were isolated 
from a termite mound by diluting dried N, P and 
S samples with water in a 1:1 ratio. The samples 
were then pretreated using a dry bath at 55 °C 
for 10 minutes. Subsequently, the samples were 
spread onto LB broth with 12% NaCl media. For 
twenty-four hours, all plates were incubated at 
55 °C. The individual colonies that were produced 
were then adhered to a different plate.

Colony morphology and storage
	 Colonial morphology is utilized as the 
initial step in identifying colonies, with emphasis 
on size, colour, and Gram’s staining. Glycerol stock 
is employed for the extended preservation of 
isolates at -86 °C to facilitate future studies.
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SEM analysis of cell morphology
	 SEM study of cell cultures entails 
comparing the surface morphologies of normal and 
malignant cells to light microscopy images of the 
same cells in their live condition. Different research 
groups have developed unique sample preparation 
protocols to visualize specific biological samples 
with the required resolution. Most SEM protocols 
include fixation steps with paraformaldehyde and/
or glutaraldehyde, followed by osmium tetroxide. 
Specimens are then dehydrated with ethanol or 
acetone, dried using critical point drying, and 
coated with metal. These protocols can achieve 
a resolution of 5 nm, sufficient for investigating a 
cell’s ultrastructure. However, most morphometric 
descriptors discussed in this review paper do not 
necessitate such high resolution.

Biochemical tests
	 Tradit ional  tests  inc lude s imple 
biochemical tests like the Indole Test, Methyl Red 
Test, Voges-Proskauer Test, Citrate Utilisation Test, 
Catalase Test, Starch Hydrolysis, and Carbohydrate 
Fermentation, as well as staining and microscopy 
methods like gram staining, endospore staining, 
and Grams staining.48

Methods for identification of isolates by 16S 
rRNA analysis
	 Isolates were cultured on suitable growth 
media under optimal conditions for halophilic 
actinobacteria. Pure cultures were obtained 
through repeated streaking. To ensure high-
quality DNA, genomic DNA was extracted using a 
commercial DNA extraction kit or a conventional 
bacterial DNA extraction methodology, such as 
the CTAB method. Universal primers, such as 
27F: 5'-AGAGTTTGATCMTGGCTCAG-3' and 1492R: 
5'-TACGGYTACCTTGTTACGACTT-3', were used to 
amplify the 16S rRNA gene by PCR. PCR conditions 
comprised a 5-minute initial denaturation at 94 °C. 
30 cycles of 94 °C (30 seconds) denaturation, 55 
°C (30 seconds) annealing, and 72 °C (1 minute) 
extension. Final extension: 10 minutes at 72 
°C. Electrophoresis on a 1% agarose gel stained 
with ethidium bromide and seen under UV light 
was used to validate the amplified products. A 
gel extraction or PCR cleaning kit was used to 
purify the PCR results, and an automated DNA 
sequencer was used to sequence them. The 16S 

rRNA sequences were aligned and compared 
with reference sequences in the NCBI GenBank 
database using BLAST to ascertain sequence 
similarity utilizing further sequence alignment 
and BLAST analysis. Phylogenetic trees were 
constructed using software like MEGA (Molecular 
Evolutionary Genetics Analysis) to analyse 
evolutionary relationships. Isolates were identified 
based on sequence similarity (>97%) and clustering 
with known species in phylogenetic trees.

Extraction of secondary metabolite
	 The 20 isolates were chosen to extract 
Secondary Metabolite based on the antimicrobial 
study. 20 ml of LB broth with 12% NaCl was 
prepared, and the isolates were then inoculated 
into individual tubes. The culture broths of these 
isolates were centrifuged at 6000 rpm for 10 
minutes to obtain cell-free supernatant. The cell-
free supernatant was collected, and a solvent 
mixture of ethyl acetate, toluene and acetone was 
added at a ratio of 7:1:3. After thorough mixing, 
the solution was stored at -20 °C for 24 hours. 
Following this period, the solution was separated 
into two layers, with the upper layer being carefully 
transferred into separate tubes. Finally, the extract 
was air-dried.

Thin layer chromatography
	 T h e  c h e m i ca l s  i n c l u d e d  i n  t h e 
isolates’ extract were visualised using thin 
layer  chromatography.  S i l icone gel  (20 
× 20 cm, 0.25 mm Alugram® SIL G/UV 254, 
Macherey and Nagel, Duren) and mobile phases 
[hexane:toluene:acetone] in a 7:1:3 ratio were 
used to perform the chromatography on aluminium 
plates. Under a UV lamp, the chemicals were seen.

Antibacterial studies on microbial bioactive 
compound
	 The work area was disinfected using 
a disinfectant and an open burner. A total of 
20 microbial bioactive compounds were tested 
against K. pneumoniae MTCC 39 using the disc 
diffusion method. Plates of Meat Extract agar were 
prepared. A sterile cotton swab was immersed in 
the K. pneumoniae MTCC 39, and excess liquid 
was removed by pressing the swab against the 
tube wall. The agar plate was rotated in order 
to swab the whole surface. On the agar surface, 
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the inoculum was dispersed uniformly. To ensure 
proper absorption of the inoculum by the medium, 
the plates were allowed to dry for approximately 
five minutes. Seven microliters of the bioactive 
substance were put onto a sterile disc that was 
set on the agar surface. This step needed to be 
completed within 15 minutes of inoculation. Each 
disc was gently pressed onto the agar to ensure 
proper attachment. After then, the plates were 
typically incubated at 37 °C for the whole night. 
After incubation, the antibiotic discs’ surrounding 
zones of inhibition were examined, and each zone’s 
diameter was quantified.47

Bioautography studies on bioactive compound 
	 Ten metabolites were chosen based on 
the disc diffusion method. Subsequently, 10 µl 
of each metabolite was applied to TLC plates and 
incubated at 37 °C for one to two hours. Following 
this, Petri dish was placed in an airtight container, 
and water was added to the dish to maintain a 
moist environment. The TLC plates were then 
transferred to the Petri dish using forceps, and 
the bacterial culture of S. aureus MTCC 39 was 
spread on the plate. We observed the zones 
of inhibition surrounding each metabolite and 
measured the width of each zone after a 24-hour 
incubation period at 37 °C. The disc diffusion 
method was used for the confirmation, and N3 
was compared. Additionally, the technology of Gas 
Chromatography-Mass Spectrometer (GC-MS) was 
used to identify the bioactive chemicals.17

Antibiotic sensitivity test
	 The isolates were chosen based on 
their activity and subsequently subjected to an 
antibacterial susceptibility test. A total of 10 
isolates were tested against various antibiotics 
using the Kirby-Bauer disk-diffusion method. The 
antibiotics were prepared at a concentration of 
100 mg/ml, with 50 µl of each antibiotic added 
to the media and poured onto the plates. The 
bacterial isolates were then patched onto the 
plates. Following a 24-hour incubation period, 
the results were examined. Similarly, 100 µl of 
antibiotic was added in the subsequent steps. 
The antibiotic disks used included Tetracycline, 
Erythromycin, Streptomycin, Penicillin, Ampicillin, 
Norfloxacin, Gentamicin, Amoxicillin, Amikacin, 
and Levofloxacin. After being left to dry at room 

temperature, the plates were incubated for 18 to 
24 hours at 37 °C. The data were evaluated for 
sensitivity or resistance following the incubation 
period.

MIC (Minimum Inhibitory Concentration)
	 The minimum amount of an antimicrobial 
substance that, upon incubation, prevents a 
bacterium from growing visibly. A series of test 
tubes or wells with varying concentrations of 
the antimicrobial agent. Bacteria are added, and 
the tubes are incubated 37 °C. The MIC is the 
concentration in the first tube where no visible 
growth (turbidity) is observed.

MBC (Minimum Bactericidal Concentration)
	 An antimicrobial substance kills 99.9% of 
the bacteria at its lowest concentration. Identifies 
whether the antimicrobial is bactericidal (kills 
bacteria) or bacteriostatic (inhibits growth but 
does not kill). Samples from tubes that show no 
signs of growth are plated on an agar medium 
once the MIC has been established. The lowest 
concentration that prevents colony formation on 
the plate is the MBC. 

Differences Between MIC and MBC
	 MIC focuses on stopping bacterial 
growth, while MBC confirms bacterial death. For 
bactericidal agents, the MIC and MBC values are 
typically close, while for bacteriostatic agents, MBC 
is much higher than MIC.

RESULTS 

Impact
	 Termites can thrive in a wide range of 
environments, spanning from dense forests to 
urban settings and across the diverse ecosystems 
of South India. These highly organized insects, 
belonging to the Blattodea order, are critical 
in maintaining the ecosystem by decomposing 
organic matter and shaping the environment. 
Their population growth is aided by the warm 
and humid climate of South India, where they 
contribute to soil fertility, ecosystem stability, and 
nutrient circulation. The saliva of termites at the 
heart of their colonies is a remarkable example 
of biological adaptability. Despite its seemingly 
insignificant nature, termite saliva contains a 
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wealth of proteins, enzymes, and other bioactive 
compounds that support the colony’s activities 
and impact its interactions with the surrounding 
environment. Research on termite saliva sheds light 
on a complex web of ecological relationships and 
potential applications, and termites play essential 
roles in natural and human-influenced ecosystems 
for experimental design in workflow studies 
(Figure 1). Our research highlights the potential for 
New Drug Development, particularly concerning 
the N3 isolate derived from bioactive compounds, 
which includes antitumor, antimicrobial, and 

anti-inflammatory properties, as well as the 
pressing challenge of antibiotic resistance. This 
emphasizes the urgent necessity to identify new 
antibiotics. The development of new antibacterial 
remedies for work plans may benefit from the 
unique bioactive chemicals found in halophilic 
actinobacteria (Figure 1). These microorganisms 
flourish in saline environments, which remain 
largely untapped in both pharmaceutical and 
industrial sectors. Their unique characteristics 
make them a sustainable choice for antibiotic 
production, featuring distinctive metabolites, 

Figure 1. Shows the antimicrobial bioactive compound from spore halophilic actinobacterial isolate of the Termite 
mound and screening the experimental design of the workflow chart

Figure 2. Shows different locations of Termite mound from Virudhunagar district (A) Termite mound soil collected 
from Nathampatti, (B) Termite mound soil collected from Pudhupatti, (C) Termite mound soil collected from K. Pudur
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resilience to harsh conditions, a broad spectrum 
of bioactivity, and the promise of innovative 
drug discovery, thus alleviating competition for 
resources essential for food production. 

I so lat ion  and col lect ion  of  ha lophi l i c 
actinobacteria from termite mound 
	 The termite mound samples were 
col lected from three specif ic  locations: 
Nathampatti (N), Pudhupatti (P), and K. Pudur 
(S) in the Virudhunagar district (Figures 2a-c). 
Soil sampling distances in the surrounding areas 

were chosen to evaluate the variation in soil 
nutrients as the distance from the termite mounds 
increased. A total of 20 isolates from various 
actinobacteria were gathered from termites in 
Nathampatti (N), Pudhupatti (P), and K. Pudur (S) 
regions for examination (Figure 2). The culture 
medium used for bacterial growth (LB with 12% 
NaCl) was controlled to confirm no interference 
with the tested compounds produced by the 
actinobacteria.

Table 1. Studies on biochemical test and different sugar hydrolysis of the different actinobacterial isolates from 
Termite mound

No.	 Isolates	 Indole 	 MR	 VP	 Citrate	 Catalase	 Sucrose	 Fructose	 Lactose	 Starch
					     utilization 					     hydrolysis
					     Test

1	 N2	 -	 +	 -	 -	 +++	 ++	 ++	 -	 -
2	 N3	 -	 -	 -	 +	 +++	 -	 ++	 -	 +
3	 N6	 -	 +	 -	 -	 +++	 +	 ++	 -	 -
4	 N7	 -	 +	 -	 +	 +++	 ++	 +++	 -	 -
5	 N11	 -	 +	 -	 -	 +++	 ++	 +++	 -	 -
6	 P1	 -	 +	 -	 -	 +++	 +	 ++	 -	 -
7	 P2	 -	 +	 -	 -	 +	 -	 ++	 -	 -
8	 S3	 -	 +	 -	 -	 ++	 ++	 +++	 -	 -
9	 S6	 -	 +	 -	 -	 ++	 ++	 +++	 -	 -

- sign indicate negative response, + indicates weak positive activity, ++ indicates moderate positive activity, and +++ indicates 
strong positive activity

Figure 3. (A) Halophilic colonies on the modified agar plate in different locations of Virudhunagar district, (B) 
screening the different morphology of halophilic colonies on the patch with the 12% NaCl with agar plate
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Figure 4. (A) Colony morphology of Actinobacterial isolate N3 (Microbacterium barkeri M17) in 12% agar plate with 
clear halophilic zone formed, (B) Gram’s staining of N3 600x view, (C) SEM images of N3 Actinobacterial isolate for 1 
µm size of the cells, and (D) SEM images of N3 Actinobacterial isolate for 1 µm and measure single cell size =738.4 nm

Media preparation and isolation of halophilic 
actinobacterial colonies
	 Actinobacterial isolates were typically 
grown on YMA medium, but for this study, a 
modified LB medium was used with the following 
composition: KCl (1.2%), NaCl (12%), starch (1%), 
glucose (1.8%), and oatmeal milk (0.5%). The 
isolates were characterized both macroscopically 
and microscopically. Macroscopic characterization 
involved observations of colony shape, including 
elevation, pigmentation, and the colour of the 
aerial and substrate mycelium. Using a light 
microscope set to 1000x magnification, Grams 
staining was used for microscopic characterization 
in order to view the mycelium’s structure and 
form. These methods were employed to identify 
variations in cultural characteristics. Based on 
colony morphology and color, halophilic bacterial 
organisms were selected and transferred to 
separate plates (Figure 3). The authors isolated 
three strains: N1-34 from Nathampatti, P1-10 from 
Pudhupatti (Virudhunagar) and S1-8 from K. Pudur.

Morphological characterization
	 A c t i n o b a c t e r i a l  c o l o n i e s  w i t h 
comparatively different colours were rough, 
starchy, and irregularly shaped, and they were 
cultivated on 12% NaCl agar media. Isolates based 

on the antimicrobial study; 24 colonies were 
selected. The isolates from Nathampatti are N2, 
N3, N4, N5, N7, N9, N10, N11, N16, N25, N26, and 
N28. The isolates from K. Pudur are S1, S2, S3, S6, 
S11, and S21. The isolates from Pudhupatti are P1, 
P2, P3, P5, P6, and P10. Li et al.5 have classified the 
colony features of actinobacteria into two types. 
The first group may generate aerial mycelium 
and has a velvety, colourful colony surface. The 
colony surface of the second group was colourless 
and smooth, and they did not generate aerial 
mycelium. Among the colonies, zone creation was 
chosen for more research.

Characterization of colony morphology of 
halophilic actinobacterial isolates N3
	 Milky and sticky white halophilic colonies 
were observed (Figures 4a-d). In microscopic 
observation, gram-positive small cocci are joined 
together and look like a rod. SEM analysis is similar 
to the microscopic observation that cocci-shaped 
bacteria are joined together to form rod-shaped.	
	 Actinobacteria exhibit phenotypic 
characteristics that are crucial for describing a 
genus or species. Actinobacteria physiological and 
biochemical assays require careful consideration 
of a number of factors. These include selecting 
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strains from closely related taxa and the type 
strain of the appropriate genera for comparison 
based on phylogenic information from 16S rRNA 
analyses and Indole, MR activity, VP broth study, 
citrate utilization, catalase, and different sugar, 
such as sucrose, fructose, lactose, starch hydrolysis 
(Figures 5a-b, Table 1). Methodology is also a 
concern, and it is advisable to use established 
approaches and relevant tests. Evidence of their 
reliability compared to established methods must 
be provided if new methods are employed.
	 Also, testing should be performed in 
duplicate or triplicate since the phenotypic 
characteristics of actinobacteria might be 
influenced by culture conditions and other 
variables. It is also crucial that the trials include 
appropriate positive and negative controls. It is 
impossible to draw similar conclusions about 
the Actinobacterial phenotype from only seeing 
the organism. In their phenotypic examination, 

strains of the most closely related taxa have to be 
compared using the same techniques. The type 
strain of the relevant genus’ type species must be 
included in the comparisons.49

16S rRNA sequence analysis
	 The actinobacterial strains exhibiting the 
most significant biological activities underwent 
additional characterization utilizing molecular 
features. Following the 16S rRNA gene sequencing, 
the acquired sequences were deposited into the 
NCBI Gene Bank Nucleotide Database (Figure 5 
a-c). Subsequent analysis of the sequences through 
NCBI’s BLASTN algorithm revealed that the strains 
were affiliated with two distinct bacterial species. 
The high degree of sequence similarity observed 
with a specific bacterial species already present in 
the Gene Bank led to this conclusion. Specifically, 
Isolate N3 displayed sequence similarity with the 
Microbacterium barkeri strain.

Table 2. Selection of 10 different actinobacterial isolates from 20 isolates and their antibacterial efficiency of 
different isolates from Termite mound against Klebsiella pneumoniae MTCC 39 (106 cells/mL)

No.	 Name of the		 The antibacterial activity of the
	 actinobacterial 		  inhibition in cm.
	 isolate	
		  Before	 After	 Results
		  incubation	 incubation

1	 Control (Ethyl	 Nil	 Nil	 Nil
	 acetate alone)
2	 Positive control	 0.192	 0.43 ± 0.02	 ++
	 1 mg/L 
	 Streptomycin
3	 P3 (Positive	 0.184	 0.71 ± 0.03	 +++
	 control)
4	 N2	 0.225	 0.27 ± 0.01	 +
5	 N3	 0.223	 0.71 ± 0.02	 +++
6	 N6	 0.232	 0.24 ± 0.01	 +
7	 N7	 0.215	 0.23 ± 0.02	 +
8	 N11	 0.259	 0.29 ± 0.02	 +
9	 N26	 0.256	 0.31 ± 0.02	 +
10	 P1	 0.241	 0.31 ± 0.01	 +
11	 P2	 0.241	 0.28 ± 0.01	 +
12	 S3	 0.184	 0.27 ± 0.01	 +
13	 S6	 0.185	 0.29 ± 0.02	 +
14	 Termite	 0.188	 0.40 ± 0.02	 ++
	 mound soil

- sign indicate negative response, + indicates weak positive activity, ++ indicates moderate positive activity, and +++ indicates 
strong positive activity
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Figure 5. (a) Studies on N3 isolate (Microbacterium barkeri M17) for 16S rRNA gene sequencing, deposited into the 
NCBI GenBank Nucleotide Database, and (b) Phylogenetic tree of molecularly characterized isolates, (c) Identification 
and Sequences of gene identification

Antibacterial activity of cell free extract
	 Antibacterial metabolites were extracted 
thrice from the cell-free supernatant using various 
solvents, among which ethyl acetate proved 
most effective. The concentrated extract formed 
a greenish-yellow residue, later diluted with 
methanol for testing. Sterilized discs containing 

10 µL of the extract were placed on Klebsiella 
pneumoniae MTCC 39–inoculated LB agar plates. 
After 24 hours of incubation, notable inhibition 
zones were observed (Figures 6a,b), confirming 
the strong antibacterial activity of the N3 isolate. 
The antibacterial assay (Table 2) includes mean 
inhibition zones ± standard deviations, calculated 
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Figure 6. (A) Shown antibacterial activity studies on Nathampatti halophilic actinobacterial isolates from Termite 
mound against Klebsiella pneumoniae MTCC 39 (10⁶ cells/mL). (B) Pudhupatti and K. Pudhur halophilic actinobacterial 
isolates from Termite mound against Klebsiella pneumoniae MTCC 39 (10⁶ cells/mL)

Figure 7.  Defense mechanism of action for two chemical and formation of diketopiperazine and antibiotic function

from three independent replicates (n = 3). Among 
the isolates, N3 exhibited the largest and most 
consistent inhibition zone (0.71 ± 0.02 cm), 
comparable to the positive control streptomycin 
(0.43 ± 0.02 cm). This indicates the reproducible 
and potent antibacterial activity of the N3 isolate’s 
secondary metabolites against test pathogens. 
The bioactive compounds effectively inhibited 
pathogenic bacteria, suggesting their potential 
in developing new antimicrobial agents. Overall, 
halophilic actinobacteria from termite mounds 

demonstrated significant antibacterial potential, 
underscoring their value as promising sources of 
novel bioactive metabolites to combat antibiotic 
resistance.

Mechanism of action
	 The merging of compounds such as 
4-[(trimethylsilyl)oxy] butyl and cyclo(prolyltyrosyl) 
with 3-benzyl-6-isopropyl- 2,5-piperazinedione 
to create a new compound involves chemical 
synthesis. Interestingly, the known compounds 
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Figure 8. Thin layer chromatography on a cell free extract from 20 different halophilic actinobacterial isolates from 
microbial bioactive compounds pattern in TLC plate

Figure 9. Studies on Bioautography of 10 different halophilic actinobacterial isolates with termite mound soil extract

above were functional group of analysis in the form 
of 4-[(trimethylsilyl)oxy] butyl contains a silyl ether 
with a hydroxyl functionality, which can act as a 
nucleophile after deprotection. A cyclodipeptide 
structure containing amino acid residues with 
reactive groups such as hydroxyl (-OH) in 
tyrosine and possibly amine (-NH2) or carboxyl 

(-COOH) groups at termini. 2,5-Piperazinedione, 
3-benzyl-6-isopropyl-: A diketopiperazine (DKP) 
structure with potential reactive sites at amide or 
carbonyl positions. And then potential reaction 
pathways were involved in the hydroxyl group 
of 4-[(trimethylsilyl)oxy] butyl can react with the 
carbonyl group of the diketopiperazine or the 
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Figure 10. (A) TLC profile of bioactive compounds extracted from termite mound soil, showing distinct separation 
patterns under solvent system used. (B) TLC profile of crude bioactive compounds obtained from the N3 isolate 
(Microbacterium barkeri ), indicating the presence of prominent metabolite bands corresponding to antimicrobial 
activity.

Figure 11. Minimum inhibitory concentration (MIC) evaluation of crude bioactive compounds from the N3 isolate 
(Microbacterium barkeri M17).(A) MIC assay against Staphylococcus aureus MTCC 96 at different concentrations 
of the crude extract.(B) MIC assay against Klebsiella pneumoniae MTCC 39 at varying concentrations of the crude 
bioactive compounds

carboxyl group in cyclo(prolyl tyrosyl). A coupling 
reagent like EDCI or DCC could facilitate the linkage 
between amino (-NH2) or carboxyl groups of the 
peptide and the diketopiperazine.
	 The biological properties of the merged 
compound depend on the resultant structure 
and functional groups. The Enzyme Inhibition of 
the diketopiperazine moiety is known to inhibit 
proteases by mimicking peptide substrates. If 

the new compound forms a cyclic structure, 
it might interact with enzymes that recognize 
similar cyclic peptides, blocking their active sites. 
Amphiphilic properties from the trimethylsilyl or 
diketopiperazine groups may allow the compound 
to disrupt bacterial or fungal membranes. And 
compounds with diketopiperazine or tyrosine-like 
residues can generate reactive oxygen species 
(ROS), leading to oxidative stress in microbial cells. 
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Tyrosine-containing peptides can interfere with 
kinases or phosphatases in signaling pathways, 
potentially modulating cell growth or immune 
responses. DNA or RNA Binding the cyclic and 
aromatic nature of diketopiperazine and peptide 
residues may facilitate binding to nucleic acids, 
affecting transcription or translation (Figure 7). 
	 The compound Pyrrolo[1,2-a] pyrazine-
1,4-dione, hexahydro-3- is a cyclic dipeptide and 
does not fall under the category of b-lactam 

antibiotics. Instead, it is a non-b-lactam compound. 
The structure of this compound is derived from 
diketopiperazines (cyclic dipeptides), characterized 
by a six-membered ring structure that includes 
two amide bonds. Unlike b-lactams, which have 
a four-membered lactam ring, this structure does 
not contain such a feature. The activity of cyclic 
dipeptides, including this compound, is known for 
diverse biological properties such as antibacterial, 
antifungal, anticancer, and anti-inflammatory 

Table 3. Selected antibacterial and their efficiency of different antibiotic sensitivity assays

Name of the	  			  Name of the Actinobacterial isolates
Antibiotics
	 N2	 N3	 N6	 N7	 N11	 N26	 P1	 P2	 S3	 S6

Tetracycline	 S	 S	 S	 R+	 S	 S	 S	 R+	 R+	 R++
Ampicillin 	 S	 S	 S	 S	 S	 S	 S	 S	 S	 S
Streptomycin 	 S	 S	 R++	 S	 S	 S	 R++	 S	 S	 S
Gentamycin 	 S	 S	 R++	 R+	 S	 S	 R++	 R++	 R+	 S
Penicillin 	 R++	 S	 S	 R++	 S	 R+++	 R++	 R++	 R+++	 R++
Norfloxacin	 R++	 S	 S	 R++	 S	 R+++	 R++	 R++	 R+++	 R++
Amoxicillin 	 R++	 R+	 S	 R++	 R+++	 R+++	 R++	 S	 R+++	 R++
Amikacin 	 R++	 S	 S	 R+	 S	 S	 R++	 R+	 R++	 R+
Erythromycin 	 S	 S	 R++	 S	 S	 S	 S	 S	 R++	 S
Levofloxacin 	 S	 S	 S	 S	 S	 S	 S	 S	 S	 S

 S indicates sensitivity; R+, low levels of resistance, R++, indicate moderate resistance, R+++ indicate high resistance

Figure 12. Studies on standard curve of Streptomycin shows that MIC studies on pathogenic organism of 
Staphylococcus aureus MTCC96, K. pneumoniae MTCC 39
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Table 4. GC-MS analysis of N3 isolates (Microbacterium barkeri M17), and their bioactive compounds and compare 
the Termite mound soil extract name, structure and function

Name of compounds  	Molecular Structure of bioactive	 Biological properties
from Termite Mounds	      compounds

	 Termite	 N3 
	 mound 	 actinobacterial 
		  isolate

1-adamantanamine 			   Amantadine is a member of the class of  
			   adamantanes that is used as an antiviral and  
			   antiparkinson drug. It has a role as an antiviral  
			   drug, an antiparkinson drug, a dopaminergic  
			   agent, an analgesic,  a NMDA receptor  
			   antagonist and a non-narcotic analgesic. It is  
			   a primary aliphatic amine and a member of  
			   adamantanes.19

Pyrrolo[1,2-a] pyrazine-	 Nil		  Medicine: Pyrazines are used in many medicines,  
1,4-dione, hexahydro-3-			   inc luding ant i - tubercular,  ant icancer,  
			   antidiabetic drugs.  They also inhibit enzymes  
			   involved in metabolic disorder.20

2,4-Di-tert-butylpheno	 Nil		  Antimicrobial activity: 2,4-DTBP and its  
			   derivatives are used commercially as  UV  
			   stabi l i zers  as  wel l  as  ant iox idant  for  
			   hydrocarbon-based products varying from  
			   petrochemicals to plastics. It is a colourless  
			   solid alkylated phenol that is used to prevent  
			   gumming in aviation fuels.21

Hexadecanoic acid, 4-	 Nil		  Antibacterial activity.22

[(trimethylsilyl)oxy]
butyle
2,4-Di-tert-butylphenol		  Nil	 2,4-Di-tert-butyl-phenol, CAS 96-76-4, is an  
			   organic chemical compound with structural  
			   formula 2,4-((CH3)3C)2C6H3OH. Popularly  
			   known as 2,4-DTBP, this product is a high- 
			   volume intermediate known to possess 
			   antioxidant and anti-inflammatory properties.21

Cyclo (L-prolyl-L-valine)			   Antitumor, antiviral, antifungal, antibacterial,  
			   anti-prion, and anti-hyperglycemic activities.23

Acetamide, N-(2-methoxy-			   Anti-inflammatory, anti-oxidant, anti-cancer,  
5-methylphenyl) -			   anti-convulsant, anti-hypoxic, anti-microbial,  
			   and antituberculosis agents are executed.24

Triphenylphosphine oxide	 Nil		  Anticancer activity.25

pyrrolo[1,2-a]pyrazine-1,	 Nil		  These findings demonstrated that pyrrolo[1,2-a]  
4-dione, hexahydro-			   pyrazine-1,4-dione, hexahydro- could scavenge  
			   or reduce free radicals as evaluated using a  
			   reducing power assay. In short, an antioxidant  
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			   will likely play important roles in preventing  
			   and treating chronic diseases.26

Methyl oleate	 Nil		  Anti-bacterial and anti-cancer activity.27

Hexadecenoic acid, 	 Nil		  Antimicrobial and Anti-Inflammatory Activities.28

dodecyl ester

Myristic acid glycidyl ester	 Nil		  Anti-cancer activity.29

2,5-Piperazinedione, 3	 Nil		  Antimicrobial activity.30

-benzyl-6-isopropyl-

Disulfide, di-tert-dodecyl	 Nil		  Anti -cancer and anti-microbial activities.31

Cyclo (alanylleucyl)	 Nil		  Anti-tumor activity.32

Dodecanoic acid, TMS		  Nil	 Dodecanoic acid is a very hydrophobic molecule,  
derivative 			   practically insoluble (in water), and relatively  
			   neutral. Dodecanoic acid is the main fatty acid  
			   in coconut and palm kernel oil and is believed  
			   to have antimicrobial properties. It is a white,  
			   powdery solid with a faint odor of bay oil.33

Palmitic acid-TMS			   Palmitic acid is a saturated fatty acid abundant  
			   in the human body and plays a significant role  
			   in various cellular processes, including protein  
			   modifications and inflammation regulation.34

Mandelic acid-2TMS		  Nil	 It has  a role as an antibacterial agent and a  
			   human xenobiotic metabolite. It is a 2-hydroxy  
			   monocarboxylic acid and a member of 
			   benzenes.35

Methyl ganma-linolenate	 Nil		  It has a role as a bacterial metabolite, an  
			   apoptosis inducer, an antineoplastic agent, and  
			   an antibacterial agent. It is functionally related  
			   to a gamma-linolenic acid.36

2-Furoic acid-TMS	 Nil		  Antibacterial activity.37

Bis(2-ethylhexyl) phthalate			   Bis(2-ethylhexyl) phthalate is a phthalate ester  
			   that is the bis(2-ethylhexyl) ester of  benzene- 
			   1,2-dicarboxylic acid. It has the role of  an  
			   apoptosis inhibitor, an androstane receptor  
			   agonist, and a plasticizer. It is a phthalate ester  
			   and a diester.38
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Methyl arachidonate	 Nil		  Mediating inflammatory response.39

Linoleic acid-TMS	 Nil		  Antibacterial activity.40

Elaidic acid-TMS	 Nil		  Anti-cancer activity.41

Lactic acid-13C3-2TMS		  Nil	 The lactic acid molecule is  a three-carbon  
			   molecule. The central carbon has bonded with  
			   a hydrogen atom, a carboxylic acid group, a  
			   hydroxy group, and a methyl group. Lactic acid  
			   has many industrial applications, like cosmetics,  
			   Pharmaceuticals, textiles, food, and polymers.42

1,3-Benzenedicarboxylic		  Nil	 As a plasticizer in nitrile rubber, it is intended for  
acid, bis(2-ethylhexyl) 			   repeated-use food-contact applications, except  
			   for contact with infant formula and human milk  
			   (see Limitations/Specifications).

Hydroquinone-2TMS		  Nil	 It is a melanin synthesis inhibitor and a phenol  
			   derivative with  antioxidant properties. It looks  
			   like a granular solid white43

3,4-Dihydroxymandelic		  Nil	 It has the role of an antioxidant, drug metabolite,  
acid-4TMS 			   human metabolite, and mouse metabolite. It is  
			   a 2-hydroxy monocarboxylic acid and a member  
			   of catechols.44

1-Hexadecanol	 Nil		  Antibacterial activity.

dibutyl phthalate			   Antimicrobial activity.45

activities. It is do not typically target bacterial 
cell wall synthesis like b-lactam antibiotics (e.g., 
penicillin or cephalosporins). However, the 
Pyrrolo[1,2-a] pyrazine-1,4-dione, hexahydro-3- is 
a non-b-lactam compound with potential bioactive 
properties.

Commercial Antibiotic analysis of 10 different 
actinobacterial isolates of antibiotic sensitive 
analysis
	 The eff icacy  of  the  ten chosen 
actinobacterial isolates varied regarding their 
antibacterial properties, as demonstrated by the 
formation of inhibition zones (Table 3). The isolates 
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examined in this study are N2, N3, N6, N7, N11, 
N26, P1, P2, S3, and S6. Antibiotic susceptibility 
was assessed on these selected isolates for further 
investigation. Among the ten isolates, only one 
actinobacterial isolate, N3, exhibited inhibition 
of 2.078 cm, displaying not only inhibitory effects 
but also 90% sensitivity to all synthetic antibiotic 
compounds, except Amoxicillin, which displayed 
resistance (Table 3). The term “sensitivity” 
refers to the ability of the cultured bacterial 
pathogen’s growth to be hindered, or not, by 
exposure to specific antibiotics. The outcomes 
of the antibiotic sensitivity test are classified as 
susceptible, intermediate, and resistant. Sensitivity 
analysis, also known as susceptibility testing, helps 
doctors choose the best antibiotic to eradicate an 
infectious microbe. Microorganisms that infiltrate 
the body and produce an illness include bacteria 
and fungus. Sensitivity analysis is a technique 
used to determine how sensitive bacteria are 
to antibiotics. It also assesses how well the 
medication gets rid of the germs. The test results 
can be used to determine which medications have 
the best chance of curing the illness.

Thin layer chromatography on a microbial 
bioactive compound by screening of antimicrobial-
producing actinobacteria
	 The study of antibacterial activity from 
halophilic actinobacteria isolated from termite 
mounds aims to explore their potential as sources 
of novel bioactive compounds. Twenty different 
actinobacterial isolates were screened, and 
bioactive compounds were extracted using solvent 
extraction. The crude extracts were dried at room 
temperature and further analysed. TLC method 
was employed to separate and identify active 
compounds. These isolates displayed significant 
antibacterial activity, demonstrating their potential 
to combat pathogenic bacteria. Termite mounds 
provide a unique microenvironment fostering 
diverse and resilient actinobacteria, making them 
valuable in the search for new antimicrobial agents 
to address antibiotic resistance challenges.
	 The ethyl acetate, toluene, and acetone 
crude extracts were separated using TLC plates 
for strains N6, N26, N5, P1, and P6, resulting in 
2 fractions. Strain N9 yielded 5 fractions, while 
N-10,3,4,11,7,28,25, 2; P-3,5, and P-2,10; S-6 

yielded 3 fractions. However, S3 & N4 yielded 
no fraction (Figure 8). In order to separate or 
purify combinations of chemical and biological 
substances, bioactive compounds are frequently 
screened using TLC method. Its simplicity, 
economy, ease of use, and minimal solvent 
requirements make it useful. Because it is carried 
out under ambient settings, it is also regarded as 
the best separation technique for high throughput 
analysis.18 Both medium polar and non-polar 
bands were produced by the TLC screening of the 
bioactive chemical pattern arrangement library 
from the extracellular extracts of the twenty 
actinobacterial cultures. 

Studies on Bioautography of 10 different 
halophilic actinobacterial isolates
	 TLC bioautography is a method used 
for drug screening that involves combining TLC 
separation with the assessment of biological 
activity (Figure 9). Research has shown that 
this technique can confirm the presence of 
active natural products, including antibacterial, 
antifungal, antitumor, antioxidant compounds, and 
enzyme inhibitors. Bioautography is a process that 
allows for the isolation of potential hits or leads 
through the use of a suitable chromatographic 
method followed by a biological detection system. 
In this study, various actinobacterial secondary 
metabolites were analysed alongside Termite 
mound metabolite. Following the application of 
the bacterial culture S. aureus MTCC 96 on the 
plate and subsequent incubation, positive results 
were obtained from the positive control (+C), and 
Figure 8 have clear zones were observed from 
P3, N3, and also Termite mound soil. However, 
in other isolates, very little inhibition was found 
in the plate, while inhibition was not observed in 
100% of the cases.

GC-MS analysis of N3 isolate (Microbacterium 
barkeri M17), and their bioactive compounds 
and function
	 A profile of the fundamentals and 
significance of Thin Layer Chromatography (TLC) 
in research in general, and termite mound and 
N3 (Microbacterium barkeri M17) Actinobacteria 
isolate in particular, was attempted in this work 
(Figure 9). For many years, ordinary chemistry 
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labs have employed thin layer chromatography, 
a straightforward, affordable, and user-friendly 
planar chromatographic method, to regularly 
separate chemical and biological substances. 
Analyte spots on the TLC plate are often visualized 
using chemical and optical techniques. Additionally, 
it may be used widely to detect contaminants in 
a chemical. The evaluation of TLC and its use 
in estimating bioactive chemicals from termite 
mounds and N3 (Microbacterium barkeri M17) 
Actinobacteria isolates is highlighted in the 
study (Figure 10). The authors have to find an 
important bioactive compound in the Termite 
mound, namely (Nattampatti termite mound and 
N3 secondary metabolite, and the comparison 
of bioactive compounds found in the library. 
However, it is crucial to assess the bioactive 
characteristics of various compounds, including 
antitumor compounds such as Pyrrolo[1,2-a] 
pyrazine-1,4-dione, hexahydro-3-, Cyclo (L-prolyl-
L-valine), Triphenylphosphine oxide, Methyl 
gamma-linolenate, Elaidic acid-TMS, and 
Cyclo (alanylleucyl). Additionally, antimicrobial 
compounds like 2,4-Di-tert-butylphenol, Dibutyl 
phthalate, Palmitic Acid-TMS, Hexadecanoic 
acid, 4-[(trimethylsilyl)oxy]butyl, Cyclo (prolyl-
tyrosyl), Methyl oleate, Linoleic acid-TMS, 

Methyl arachidonate, 2-Furoic acid-TMS, and 
2,5-Piperazinedione, 3-benzyl-6-isopropyl- need to 
be examined. Furthermore, the anti-inflammatory 
compounds 9-Octadecenamide and Acetamide, 
N-(2-methoxy-5-methylphenyl) should also be 
evaluated (Table 4). 

Efficacy of MIC and MBC on N3 isolates 
(Microbacterium barkeri M17)
	 Studying the Minimum Inhibitory 
Concentration (MIC) and Minimum Bactericidal 
Concentration (MBC) of bacterial metabolites 
is critical for understanding their antimicrobial 
efficacy and potential therapeutic applications. 
Actinobacteria metabolites for bioactive 
compounds derived from termite mound 
Actinomyces species are promising for antimicrobial 
drug discovery. MIC and MBC studies validate their 
efficacy. Many bacterial metabolites, such as 
cyclo(L-prolyl-L-valine) or benzoic acid derivatives, 
show activity against pathogens like Staphylococcus 
aureus MTCC96, K. pneumoniae MTCC 39, for MIC/
MBC testing bridges the gap between discovery 
and therapeutic application (Figures 11a-b). 
Combination Therapies are evaluating MIC and 
MBC in combination with existing antibiotics can 
lead to synergistic therapies. Studying MIC and 

Table 5. Studies on the TLC pattern and MIC of N3 isolates (Microbacterium barkeri M17) against three different 
pathogens

			   Different pathogens
No.	 Experiments	
		  S. aureus	 K. pneumoniae 	 C. albicans
		  MTCC 96	 MTCC 39	 MTCC 282

			   Zone of inhibition (in mm)

1	 Control	 0.0	 0.0	 0.0
2	 Streptomycin	 2.211 ± 0.003	 1.999 ± 0.002	 0.985 ± 0.003
	 (10 mg/ml)
3	 Ciprofloxacin  	 2.981 ± 0.004	 2.000 ± 0.001	 1.031 ± 0.001
	 (10 mg/ml)
4	 TLC pattern-1	 0.001 ± 0.003	 0.000 ± 0.003	 0.000 ± 0.003
5	 TLC pattern-2	 0.001 ± 0.003	 0.000 ± 0.003	 0.000 ± 0.003
6	 TLC pattern-3	 0.003 ± 0.003	 0.000 ± 0.003	 0.000 ± 0.003
7	 TLC pattern-4	 1.111 ± 0.006	 1.000 ± 0.007	 0.677 ± 0.001
8	 TLC pattern-5	 0.996 ± 0.001	 0.888 ± 0.002	 0.502 ± 0.001
9	 TLC pattern-6	 0.011 ± 0.003	 0.010 ± 0.003	 0.005 ± 0.003
10	 TLC pattern-7	 0.000 ± 0.000	 0.000 ± 0.000	 0.000 ± 0.000
11	 TLC pattern-8	 0.000 ± 0.000	 0.000 ± 0.000	 0.000 ± 0.000

‘± ‘sign indicate minimum three replicates
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MBC of bacterial metabolites is a cornerstone of 
antimicrobial research. It provides quantitative 
insights into their efficacy, helps optimize their 
use as drugs, and ensures that their therapeutic 
potential is harnessed effectively. Actinomyces-
derived compounds like cyclo(L-prolyl-L-valine) is 
particularly relevant for discovering new, potent 
antimicrobial agents.

Standard Curve and MIC studies of streptomycin 
on pathogenic organisms
	 The standard curve of streptomycin 
was established to evaluate its antimicrobial 
potency against pathogenic organisms, including 
Staphylococcus aureus MTCC 96 and Klebsiella 
pneumoniae MTCC 39. This approach enables 
the determination of minimum inhibitory 
concentration (MIC) values, which signify the 
lowest concentration of streptomycin required 
to inhibit microbial growth effectively (Figure 
12). The MIC studies revealed that streptomycin 
exhibited significant antibacterial activity against 
both pathogens, highlighting its efficacy as a 
therapeutic agent. S. aureus MTCC 96, a Gram-
positive bacterium, and K. pneumoniae MTCC 
39, a �ram-negative pathogen, are commonly 
associated with severe infections and demonstrate 
varying susceptibility profiles. Quantitative 
analysis based on the standard curve provided 
a precise correlation between streptomycin 
concentration and microbial growth inhibition. 
These findings underscore the importance of 
MIC studies in assessing antibiotic effectiveness, 
optimizing dosage regimens, and addressing 
resistance concerns in clinical settings.

TLC Patterns and MIC of Microbacterium barkeri 
M17 Against Pathogenic Organisms
	 Studies on the TLC patterns and MIC 
of the Microbacterium barkeri M17 isolate (N3) 
revealed significant antimicrobial activity against 
three pathogenic organisms: Staphylococcus 
aureus MTCC 96, Klebsiella pneumoniae MTCC 
39, and C. albicans MTCC 282. A total of eight TLC 
patterns were analysed, demonstrating diverse 
bioactive compounds. Among these, the 4th and 5th 
patterns exhibited prominent zones of inhibition 
against all tested pathogens, indicating the 
presence of potent antimicrobial metabolites. The 
zone of inhibition was measured and compared 
with positive controls, streptomycin (10 mg/mL) 
and ciprofloxacin (10 mg/mL), which served as 
benchmarks for evaluating the effectiveness of 
the bioactive compounds (Table 5). The 4th and 
5th TLC patterns consistently produced inhibition 
zones comparable to or exceeding those of the 
controls, underscoring the therapeutic potential 
of the compounds extracted from Microbacterium 
barkeri. The MIC studies further confirmed the 
inhibitory effects of these compounds, highlighting 
their capability to suppress the growth of both 
Gram-positive and Gram-negative pathogens. The 
synergistic impact of the identified compounds 
may offer promising avenues for developing novel 
antimicrobial agents. These findings emphasize 
the role of Microbacterium barkeri M17 as a 
valuable source for bioactive compounds, with the 
potential to combat multidrug-resistant pathogens 
effectively.

Table 6. Studies on the TLC pattern and MIC/MBC of N3 isolates (Microbacterium barkeri M17)

		  MIC			   MBC
	

Treatment		      	Zone of inhibition in mm

	 (1 mg/mL)	 (5 mg/mL)	 (10 mg/mL)	 (1 mg/mL)	 (5 mg/mL)	 (10 mg/mL)

Control	 0.0	 0.0	 0.0	 0.0	 0.0	 0.0
Streptomycin	 0.987	 1.385	 2.451	 -	 -	 -
Ciprofloxacin  	 0.444	 0.688	 1.301	 -	 -	 -
TLC pattern-4	 0.201	 0.833	 1.007	 +	 +	 +
TLC pattern-5	 0.806	 0.998	 1.081	 +	 ++	 ++

- sign indicate negative response;  + sign indicate positive response; ++ indicates strong positive activity
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TLC Patterns and MIC/MBC Analysis of 
Microbacterium barkeri M17
	 The Microbacterium barkeri M17 (N3 
isolate) was evaluated for antimicrobial activity 
through TLC patterns (4th and 5th) and MIC/MBC 
assays against Staphylococcus aureus MTCC 96 and 
Klebsiella pneumoniae MTCC 39. The 4th and 5th 

patterns showed significant zones of inhibition for 
all tested pathogens, comparable to the positive 
controls, streptomycin and Ciprofloxacin (1 mg, 5 
mg, and 10 mg/mL). MIC studies confirmed the 
bioactivity of these compounds, while synthetic 
antibiotics demonstrated negative MBC results. In 
contrast TLC pattern 4th and 5th also get positively 
(Table 6). These findings emphasise the therapeutic 
potential of bioactive chemicals derived from 
Microbacterium barkeri as antimicrobials against 
multidrug-resistant bacteria.

DISCUSSION

	 A c t i n o b a c t e r i a  w i t h  h a l o p h i l i c 
characteristics were obtained using LB broth with 
12% NaCl media from the termite mound. After 
screening 30 isolates, one organism was selected 
for identification. The identification process 
involved assessing colony color, morphology, 
biochemical and carbohydrate fermentation 
tests, gram staining, and SEM analysis. The 16S 
rRNA gene sequencing technique was used 
to further characterise the isolate. Twenty of 
the 26 microorganisms that Hussaini et al.9 

recovered were gram-positive, and six were Gram-
negative. Bacillus species, Citrobacter freundii, 
Enterococcus cloacae, Enterococcus faecalis, E. 
coli, K. pneumoniae, Pseudomonas species, S. 
aureus, S. lentus, and S. ureae were among the 
isolates that were detected. The samples were 
spread on sterile soya medium plates and nutrient 
agar plates and then incubated at 37 °C for 24 
hours. Biochemical assays, colony morphology, 
and gramme staining were used to identify the 
bacterium. Devi et al.50 isolated a total of 132 
isolates, including 70 bacteria, 58 actinomycetes, 
and 4 different fungal strains from termite mound 
soil samples collected from various areas of 
Himachal Pradesh. The isolation process involved 
using nutrient agar, potato dextrose agar, and 
actinomycetes isolation agar. 

	 The microorganisms were distinguished 
based on their morphology and biochemical 
features. Similarly, Rajni Devi et al.51 identified 
Staphylococcus  saprophyt icus ,  Bac i l lus 
methylotrophicus, and Bacillus sp. through the 
standard plate count technique (Wollun, 1982)52 
using various media like nutrient agar, Jensen’s 
Agar, and Pikoskaya’s agar. The identification of 
bacterial isolates was carried out by assessing their 
morphological and biochemical characteristics 
following the standard procedure outlined in 
Bergey’s Manual of Systematic Bacteriology. 
The efficient isolates underwent molecular 
characterization through the 16S rRNA gene 
sequencing method, and the obtained sequences 
were analysed using the online NCBI Blast 
Program.
	 In  th is  current  invest igat ion on 
antibacterial properties, it was found that out of 
30 isolates, 20 were able to inhibit K. pneumoniae. 
The secondary metabolite was obtained through 
solvent extraction, and subsequent screening 
revealed that the N3 metabolic compound 
exhibited significant inhibition on S. pneumoniae 
using disc diffusion and bioautography techniques. 
Sawadogo et al.53 conducted a study on the 
antimicrobial activity of 60 isolates against 
various pathogenic bacteria and fungi using the 
paper disc diffusion method. Among the isolates 
tested, MBm2, MBm8 (bacteria), and MBm26 
(actinobacterium) displayed superior antibacterial 
and antifungal activity against all pathogens. 
Krishanti et al.54 reported that dual culture 
methods assessed antibacterial and antifungal 
activity on ISP2 agar plates. Initial antibacterial 
screening revealed that six isolates inhibited 
bacterial infections, whereas four isolates had 
antifungal activity against three fungal species.
	 The Actinomycetes isolate exhibited 
the highest inhibitory activity against E. coli, 
indicating its potential to inhibit the growth of 
Gram-negative bacteria rather than Gram-positive 
bacteria. Similarly, Sujada et al.6 found that the 
isolate displayed broad-spectrum antimicrobial 
activity against various microorganisms. The 
antimicrobial substances produced by the isolate 
showed significant inhibitory effects comparable 
to streptomycin or benomyl against Bacillus 
cereus, Enterococcus faecalis, Staphylococcus 
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aureus, MRSA, Proteus mirabilis, and Fusarium 
sp. Furthermore, the antifungal activities of 
AMHU-5 against Cryptococcus neoformans, 
Aspergillus flavus, Rhizoctonia solani AG-2, and 
Sclerotium solani were superior to those derived 
from PDB. In this investigation, 20 different 
halophilic isolates were collected from termite 
mounds, and several tests were performed, such 
as gram staining, biochemical examinations, and 
evaluations of antibiotic resistance. All isolates 
were screened under high salt conditions of 12% 
NaCl. Among them, only 10 isolates grew in the 
medium, and others did not grow. Interestingly, 
N3 was chosen due to its antibacterial highest 
level of inhibiting zone (K. pneumoniae MTCC 39, 
S. aureus MTCC 96) and antifungal (C. albicans 
MTCC 282) properties. The research included the 
purification and analysis of bioactive compounds 
using TLC and GC-MS for both Termite mound 
soil and N3 secondary metabolite and the 
comparison of bioactive compounds found in 
the library. However, the crucial for assessing the 
bioactive characteristics of antitumor compounds 
Pyrrolo[1,2-a] pyrazine-1,4-dione, hexahydro-3-, 
Cyclo (L-prolyl-L-valine), Triphenylphosphine 
oxide, Methyl gamma-linoleate, Elaidic acid-TMS, 
Cyclo(alanylleucyl), antimicrobial compounds 
2,4-Di-tert-butylpheno, dibutyl phthalate, Palmitic 
Acid-TMS, Hexadecanoic acid, 4-[(trimethylsilyl)
oxy]butyle, Cyclo(prolyltyrosyl), Methyl oleate, 
Linoleic acid-TMS, Methyl arachidonate, 2-Furoic 
acid-TMS, 2,5-Piperazinedione, 3-benzyl-6-
isopropyl-, and anti-inflammatory compounds, 
9-Octadecenamide, Acetamide, N-(2-methoxy-
5-methylphenyl). Additionally, the 16S rRNA 
sequence confirmation was performed, 
revealing that the isolates of N3 belonged to the 
Microbacterium barkeri of 98% similarity species. 
	 In summary, this study demonstrates 
the potential of Microbacterium barkeri M17 and 
other halophilic Actinobacteria as key players 
in the search for next-generation antimicrobial 
agents. Their remarkable ability to produce diverse 
and potent bioactive compounds establishes 
them as a valuable resource for pharmaceutical 
role of potential reaction pathways were involved 
in the hydroxyl group of 4-[(trimethylsilyl)oxy] 
butyl can react with the carbonyl group of the 
diketopiperazine or the carboxyl group in cyclo 
(prolyltyrosyl). A coupling reagent like EDCI 

or DCC could facilitate the linkage between 
amino (-NH2) or carboxyl groups of the peptide 
and the diketopiperazine and biotechnological 
applications.

CONCLUSION

	 This study shows that termite mound 
environments harbor halophilic actinobacteria 
with remarkable antimicrobial potential. Among 
the isolates examined, the N3 strain—identified 
as Microbacterium barkeri—stood out for its 
strong antibacterial and antifungal activity. 
Chemical profiling through TLC and GC-MS 
revealed that this isolate produces a rich mix of 
bioactive metabolites, including diketopiperazines, 
peptides, and fatty acid derivatives known for 
antimicrobial, anti-inflammatory, and antitumor 
properties. The MIC and MBC results further 
confirmed the potency of these compounds. 
Overall, the findings highlight that termite mound–
derived halophilic actinobacteria are a promising 
and largely untapped source of new bioactive 
compounds, offering valuable prospects for future 
antimicrobial drug development.
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