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Abstract
Bioactive metabolites produced by the Burkholderia genus, especially within the Burkholderia 
pseudomallei-thailandensis-mallei (Bptm) group, are vital for survival in diverse environments, 
influencing ecological interactions and contributing to the adaptability of these bacteria. This study 
focused on the screening of bacteria for antibacterial activity, further culturing in broth. The cell free 
extract was treated with the equal amount of ethyl acetate where after Vortex the organic phase was 
vacuum dried and subjected to for the functional group analysis via FTIR Where it revealed the presence 
of peak at 3352 cm-1, 2177 cm-1 and 1637 cm-1 corresponding to amine, nitrile alkene group respectively. 
GC-MS analysis presence of 24 bioactive compounds, followed by the ADME and toxicity test were done 
to narrow down the metabolites. Finally, the docking study was done against Glutathione S-Transferase. 
Glutathione S-transferase (GST) as the target enzyme because GSTs are key detoxification proteins 
that conjugate glutathione to xenobiotics and reactive intermediates, thereby protecting bacteria 
from oxidative damage and chemical stress. In E. coli, GST activity has been implicated in tolerance to 
multiple antibiotics and other toxic compounds by detoxifying or neutralising them, which can indirectly 
contribute to antimicrobial resistance. Targeting GST therefore provides a mechanistically relevant way 
to evaluate whether microbes-derived metabolites can interfere with this detoxification system and 
potentially sensitise bacteria to existing antibiotics. Four bioactive compounds were docked against 
GST and Cyclobutyl tridecyl phthalate exhibited the highest score of -8.9 kcal/mol followed by Phthalic 
acid, 4-cyanophenyl nonyl ester -7 kcal/mol, 1,3-Dioxolane, 4-ethyl-5-octyl-2,2-bis(trifluoromethyl)-, 
trans- with -6.9 kcal/mol, Pentalamide with a score of -6.3 kcal/mol and Meta-chlorambucil was used 
as control. The in-vivo evaluation can be performed to evaluate the present study.
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INTRODUCTION

	 Microbial bioactive metabolites represent 
a rich source of novel metabolites for the 
drug discovery and development. Among the 
microbial diversity, bacteria act as repertoire 
of diverse class of metabolites.1 In recent times 
advancement in molecular biology which has 
provided sophisticated tools to explore microbial 
biosynthesis and study metabolomics of bacteria. 
These bacteria upon isolation and screening can 
secret metabolites bearing activity. Soil microbes 
secrete various bioactive metabolites that facilitate 
ecological interactions and have biotechnological 
applications.2 Burkholderia, a versatile genus 
classified within the phylum Proteobacteria, 
encompasses a diverse range of species isolated 
from various environments, including soil, plant 
roots, and clinical settings.3 Initially identified 
in 1992, the genus has expanded significantly 
and now includes both pathogenic strains and 
beneficial species that promote plant growth. 
The two major groups within Burkholderia are 
the Burkholderia cepacia complex (BCC) and 
the Burkholderia pseudomallei complex (BPC), 
with ongoing reclassifications leading to the 
emergence of genera such as Paraburkholderia 
and Caballeronia. Recent studies on Burkholderia 
have emphasized genome-based classification, 
genomic diversity analysis, and pan-genome 
analysis, revealing the complexities of this genus. 
The taxonomic position of Taxon K within the BCC 
has been reevaluated, highlighting the significance 
of genomic data in classification efforts.4,5 Previous 
study identified various antimicrobial bioactive 
metabolites produced by Burkholderia, linking 
these metabolites to their taxonomy. Notable 
findings include the discovery of new antimicrobial 
bioactive metabolites and the identification 
of compounds like Bactobolin in Burkholderia 
thailandensis .  Additionally, siderophores 
associated with plant growth promotion have 
been found in pathogenic strains, highlighting the 
ecological roles of these metabolites, revealing 
their capacity to produce a wide array of bioactive 
metabolites with applications in agriculture, 
biocontrol, and medicine.6

	 In recent years, antibiotic resistance 
(ABR) has emerged as a critical global health 
crisis. Projections indicate that by 2050, ABR could 

lead to as many as 10 million deaths worldwide, 
while by 2030, it may push 24 million people 
into extreme poverty.7 The most vulnerable 
populations include infants, adults, and the 
elderly. A clinical report on resistant bacteria 
highlighted alarming resistance rates across all 
six World Health Organization (WHO) regions. 
In five of these regions, E. coli exhibited over 
50% resistance to fluoroquinolones and third-
generation cephalosporins. Similarly, Klebsiella 
pneumoniae showed more than 50% resistance 
to third-generation cephalosporins in all six WHO 
regions.8,9 Glutathione S-transferases (GSTs; EC 
2.5.1.18) are cytosolic dimeric enzymes that 
catalyse the conjugation of reduced glutathione 
(GSH) to electrophilic xenobiotics and endogenous 
toxic intermediates, thereby increasing their 
solubility and facilitating subsequent efflux or 
metabolism. In bacteria, GSTs are widely distributed 
and have been grouped into several classes; they 
play key roles in the biodegradation of xenobiotics, 
protection against oxidative and chemical stress, 
and in some cases antimicrobial drug resistance by 
detoxifying antibiotic-derived reactive species. The 
canonical GST from Escherichia coli is a cytosolic 
b-class enzyme whose three-dimensional structure 
has been solved at 2.1Å resolution in complex with 
a glutathione analogue (PDB ID: 1A0F). EGST forms 
a globular homodimer, with each 201-residue 
subunit composed of an N-terminal thioredoxin-
like domain and a C-terminal all-a-helical domain; 
the active site consists of a conserved G-site 
that binds GSH and a hydrophobic H-site that 
accommodates electrophilic substrates. Structural 
and mutational analyses have identified Cys10 and 
His106 as key catalytic residues that help activate 
the thiol group of GSH and stabilise the transition 
state, underscoring the mechanistic importance 
of this enzyme in E. coli redox homeostasis. 
Consistent with this central role, bacterial GSTs 
are up-regulated under oxidative or xenobiotic 
stress and can contribute to tolerance against 
multiple toxic compounds, including antibiotics, 
by detoxifying reactive intermediates before they 
damage essential macromolecules.10,11

	 In silico methods, essential for modern 
drug discovery, predict and analyze molecular 
behavior, particularly of metabolites. Molecular 
docking evaluates ligand-receptor binding 
affinities and spatial orientation.12 ADME analysis 
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provides insights into pharmacokinetic properties, 
crucial in medicinal chemistry. Drug-likeness 
assessments offer rapid, cost-effective evaluations 
of pharmacokinetic characteristics.13 These 
techniques narrow the drug discovery process 
and improve understanding of drug candidate 
interactions with biological systems, aiding the 
development of effective therapeutics. Integrating 
these methodologies streamlines exploration 
and identifies promising drug candidates with 
favorable pharmacological profiles.14 In the 
present study where screening and isolation of 
the rhizospheric bacteria Burkholderia stagnalis 
for their antibacterial property. Further partial 
purification and in silico evaluation of the potent 
bioactive metabolites derived from Burkholderia 
stagnalis against Glutathione S-Transferase from 

E. coli. This integrated strategy stands as the base 
for the further evaluation. 

MATERIALS AND METHODS

Isolation, Screening and extraction of bioactive 
metabolites
	 1 g of Rhizospheric soil from Western 
Ghat Chikkamagaluru, Karnataka, India, was 
subjected to serial dilution. The dilution in the 
range of 10-4, 10-5, 10-6 dilution were spread on 
nutrient agar, followed by incubation until the 
colonies are observed at 37 °C.15 Different isolates 
were screened for antimicrobial activity via agar 
overlay assay. The isolates displaying significant 
activity was further selected for large scale 
cultivation.16 The broth culture was extracted twice 

Figure 1. Spread plate result (a) and broth culture growth (b)

Figure 2. Two layer separation of ethyl acetate and broth 
for secondary metabolite extraction

using ethyl acetate as a solvent in a ratio of 1:1 and 
was vortexed for 20 minutes. The organic phase 
was further concentrated by evaporation followed 
by drying at 40 °C.17

Biophysical characterization of bioactive 
metabolites
	 The crude extract was analyzed using a 
Perkin Elmer spectrophotometer to obtain the 
Fourier Transform Infrared (FTIR) spectrum.18 Gas 
Chromatography-Mass Spectrometry (GC-MS) 
was performed within the desired parameters, 
helium as carrier gas performed at temperature 
250 °C under ionized mod. The results spectra 
were matched with NIST library.19
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Molecular characterization of isolate
	 The isolate showing significant activity 
underwent molecular characterization using 
universal primers. Amplification was performed, 
and the resulting product was purified for 
sequencing. BLAST search at NCBI was utilized 
to identify the closest related organism, and 
phylogenetic was constructed.20

Computational analysis
Preparation of ligand
	 For the docking study, the 3D structure 
and canonical SMILES were retrieved from online 

database PubChem, and further the minimization 
of charge was done by Open Babel version and 
then metabolites were converted into Protein data 
bank format.21

ADME and toxicity test
	 The tests were performed in Swiss 
ADME, toxicity test was performed in ProTox-3.0 
server. Further GUSAR software was utilized to 
estimate LD50 values in rats via oral, intravenous, 
intraperitoneal, and subcutaneous routes.22

Table 2. Bioactive compounds of the crude extract of Burkholderia stagnalis

RT	 Name	 Formula	 MW

3.2	 Octane	 C10H22	 142.28
3.2	 Butanol,	 C8H16O2	 144.21
3.2	 Pentaerythritol	 C5H12O4	 136.15
3.2	 Ethyl Acetate	 C4H8O2	 88.11
12.7	 Hexane	 C8H18	 114.23
17	 Cyclobutyl tridecyl phthalate	 C25H38O4	 402.57
17	 Phthalic acid, 4-cyanophenyl nonyl ester	 C24H27NO4	 393.48
17	 Tylophorine	 C26H40O4	 416.59
17.5	 Capric Acid	 C10H20O2	 172.26
17.5	 Undecane	 C11H24	 156.31
17.5	 Heptane, 2,4-dimethyl-	 C9H20	 128.26
18.8	 1-Hexadecyne	 C16H30	 222.41
18.8	 Heptadecadiene	 C17H32	 236.44
18.8	 Pentalamide	 C12H17NO2	 207.27
18.8	 octadecyne	 C18H34	 250.46
18.8	 1,3-Dioxolane, 4-ethyl-5-octyl-2,2-bis(trifluoromethyl)-, trans-	 C15H24F6O2	 350.34
18.8	 Nonadecyl 2,4,5-trifluoro-3-methoxybenzoate	 C27H43F3O3	 472.62
18.8	 Octacosadiene	 C28H54	 390.73
18.8	 Ethyl acetoacetate	 C6H10O3	 130.14
19.7	 2,4,6-Cycloheptatrien-1-one, 3,5-bis-trimethylsilyl-	 C13H22OSi2	 250.48
19.7	 Hexamethylcyclotrisiloxane	 C6H18O3Si3	 222.46
19.7	 Phenol, 2,4-bis-(1,1-dimethylethyl), TMS	 C17H30OSi	 278.51
19.7	 4-(4-Hydroxyphenyl)-4-methyl-2-pentanone	 C15H24O2Si	 264.44
19.7	 Tris(tert-butyldimethylsilyloxy)arsane	 C18H45AsO3Si3	 510

Table 1. Functional group of the crude extract of Burkholderia stagnalis

Peak (cm-1)	 Functional Group	 Bond	 Description

3352	 Amine	 N-H stretch	 Broad peak, indicative of N-H stretching in primary or secondary 
			   amines.
2177	 Nitrile	 Ca=C stretch	 Sharp peak, indicates the presence of a nitrile group.
2149	 Alkyne	 Ca=C stretch	 Indicates the presence of a terminal alkyne group.
2035	 Alkene	 C=C stretch	 May indicate a cumulated double bond system (allene).
1637	 Aromatic/Alkene	 C=C stretch	 Indicates the presence of aromatic compounds or alkenes.
627	 Alkyl halide	 C-Cl stretch	 Indicates the presence of an alkyl chloride.
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Target protein preparation
	 GST from  E. coli is a crucial enzyme 
involved in detoxifying harmful compounds 
through the conjugation of glutathione (GSH). The 
enzyme is a homodimer composed of two identical 
subunits, each consisting of 201 amino acids. Its 
structure features an N-terminal domain and a 
C-terminal domain, with the active site located 
between them. This enzyme catalyzes the addition 
of GSH to xenobiotic substrates, facilitating their 
excretion Among 24 bioactive metabolites Tris 
(tert-butyldimethylsilyloxy)arsane from the 
cell and thereby protecting against oxidative 
stress and chemical toxicity. In the context of 
antibiotic resistance, GST’s can contribute to 

the development of antimicrobial resistance by 
detoxifying various antibiotics, rendering them 
ineffective. The crystal structure of GST (PDB ID: 
1A0F, resolution: 2.10Å) was drawn from RCSB, 
processed to remove water and small ligands, 
and prepared using Bio Nova Discovery Studio 
2024 to incorporate polar hydrogens and combine 
non-polar hydrogens for energy minimization and 
geometry optimization. Kollman charges were 
assigned, and the receptor structure was saved 
in PDBQ format before docking.23

Molecular docking and MD simulation
	 Molecular docking was carried out 
using AutoDock Vina, integrated within PyRx 0.8, 

Figure 3. Showing FTIR peak (a) corresponding to various peak range (b)
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Figure 4. GC-MS chromatogram of the crude extract from Burkholderia stagnalis

employing the Lamarckian Genetic Algorithm to 
analyze ligand interactions with the active site of 
GST. The gride box set for X: 57.3699, Y: -33.0833 
and Z: 58.2943. The docking parameters were 
set to default, with protein coordinates saved in 
PDBQT format. Binding affinities, measured in 
kilocalories per mole (kcal/mol), were used to 
determine the optimal docking pose, identified as 
the conformation with the lowest binding energy. 
Post-docking, the best ligand binding poses were 
visualized, and their interactions with the GST 
protein were analyzed using BIOVIA Discovery 
Studio Visualizer. Molecular dynamic simulations 
were performed using the IMODS server.24-26

RESULTS

Isolation, Screening and extraction of bioactive 
metabolites
	 After the serial dilution the sample were 
plated on the plate, among the different isolates 
obtained through agar overlay assay which 
indicate the antibacterial property of the isolate  
(Figure 1). The culture broth was centrifuged, 
after which the cell free extract was subjected for 
extraction of crude metabolites. The organic phase 
(Figure 2) upon drying gave crude extract which 
was dissolved in 100 µL ethyl acetate. 

Biophysical characterization of bioactive 
metabolites
	 FTIR analysis of crude revealed prominent 
peaks at 3352 cm-1, 2035 cm-1, 2149 cm-1, 2177 
cm-1, 1637 cm-1, and 627 cm-1 (Figure 3). Table 1 
details the potential functional group assignments 
corresponding to these peaks. Significant shifts 
were observed at 3352 cm-1 and 1637 cm-1 in 
the bacterial culture extract spectra, indicating 
notable chemical modifications. GC-MS analysis 
revealed 24 bioactive metabolites out of which 
Cyclohexanecarboxamide, Nonadecyl ester, 4-tert-
Octylphenol, Pentaerythritol, cyclobutyl tetradecyl 
ester, Heptane were few of major compounds 
(Figure 4 and Table 2).

Molecular profiling
	 Molecular profiling, combined with 
sequence alignment using the NCBI BLAST 
database, revealed that the bacterium exhibited 
similarity to Burkholderia stagnalis. After which 
the sequence was deposited in GenBank and 
allocated the accession number PV151462. The 
phylogenetic tree further showed the taxonomic 
relationship between identified bacteria and 
Burkholderia stagnalis (Figure 5a). The circular 
genome map of Burkholderia stagnalis visually 
illustrates elevated GC content and a uniform 
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Table 6. Predicted Binding Pockets and Their Properties

Rank	 Score	 Probality	 # of	 Avg 
			   Residues 	 Conservation

1	 17.72	 0.805	 23	 1.058
2	 17.28	 0.797	 23	 1.185
3	 2.88	 0.092	 19	 0.479
4	 2.21	 0.053	 7	 1.263

(a)

distribution of open reading frames (ORFs) (Figure 
5b).

Computational analysis
	 The drug-likeness of 24 metabolites 
derived from Burkholderia stagnalis (Table 3). 
Using the SwissADME server. Out of these, 24 
metabolites exhibited a logP value within the 
acceptable range of 0-5 rest 2 compound Nonadecyl 
ester 1,1'-(2-tridecyl-1,3-propanediyl) bis- were 
out of range more than 5. All bioactive metabolites 
have a acceptable range for for hydrogen bond 
acceptors (≤10), H bond donors (≤5), the TPSA with 
less than 140 Å2. Among 24 bioactive metabolites 
Tris(tert-butyldimethylsilyloxy) arsane had a 
molecular weight of 510 and 9 compounds fell 
below 200 Octane, Butanol, Pentaerythritol, Ethyl 
Acetate, Pentanoic acid, 3-methyl-4-oxo-, Hexane, 
Pentanoic acid, 1,1-dimethylpropyl ester Octane, 
Heptane, 2,4-dimethyl. All the selected bioactive 
metabolites accepted the Lipinski’s rule of 5 
without violation which suggested the possibility 
of oral administration. 
	 Selected bioactive metabolites obeyed 
‘Lipinski’s rule of 5’ without any violation suggesting 
their possibility of oral administration, The boiled 
egg plot evaluate the pharmacokinetic properties 
of the 24 bioactive metabolites, helping to predict 
their bioavailability and potential therapeutic 
applications (Figure 6). Only 4 compounds were 

further selected for the further toxicity test and 
docking study. The in silico toxicity test revealed 
Pentalamide and Cyclobutyl tridecyl phthalate fell 
under class 2, Phthalic acid, 4-cyanophenyl nonyl 
ester under class 3 and 1,3-Dioxolane, 4-ethyl-5-
octyl-2,2-bis(trifluoromethyl)-, trans- was seen 
to be class 4 (Table 4). The LD50 values of these 
metabolites ranged from 16-1750 mg/kg, indicating 
potential toxicity concerns for oral deliver. GUSAR 
software was used to estimate the acute toxicity of 
selected compound, which provided LD50 values for 
different administration routes (intraperitoneal, 
intravenous, oral, and subcutaneous) in rats. The 
results indicate that 1,3-Dioxolane, 4-ethyl-5-
octyl-2,2-bis(trifluoromethyl)-, trans- exhibited 
the lowest toxicity, classified as Class 5 in oral 
administration, suggesting it is relatively non-
toxic. Cyclobutyl tridecyl phthalate and Phthalic 
acid, 4-cyanophenyl nonyl ester demonstrated 
moderate toxicity, with classifications ranging 
between Class 3 and Class 4, depending on the 
route of administration. Pentalamide was found 
to be slightly toxic in oral and subcutaneous 
routes (Class 4) but showed moderate toxicity via 
intravenous administration (Class 3). Notably, the 
oral LD50 values were generally higher, indicating 
lower toxicity compared to other administration 
routes. These findings highlight the significance 
of the route of exposure in determining the 
toxic effects of the compounds, with intravenous 
and intraperitoneal routes often exhibiting 
greater toxicity than oral and subcutaneous 
administrations (Table 5). The binding pocket of 
the protein is shown in the (Figure 7 and Table 6). 
The topology of the GST protein and 3D structure 
is shown in the Figure 8. 

Molecular docking study
	 T h e  m e ta b o l i te s ,  Pe nta l a m i d e , 
1 , 3 - D i o x o l a n e ,  4 - e t h y l - 5 - o c t y l - 2 , 2 -
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Figure 5. Phylogenetic tree showing the evolutionary relationship of the isolate (a) and its GC content analysis (b)
(b)
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Figure 6. BOILED-Egg plot illustrating the absorption and blood-brain barrier permeability of 24 secondary 
metabolites. The x-axis represents topological polar surface area (TPSA), while the y-axis denotes lipophilicity 
(WLOGP). The yellow region (yolk) represents compounds predicted to be blood-brain barrier (BBB) permeable, 
while the white region (egg white) indicates compounds expected to be gastrointestinal (GI) tract permeable. Red 
circles denote non-P-glycoprotein substrates, while blue circles indicate P-glycoprotein substrates, which may be 
actively effluxed

Figure 7. Visualization of predicted binding pockets in the protein structure showing different potential ligand-
binding sites: (a) primary binding pocket highlighted in red, (b) secondary surface pockets highlighted in blue, (c) 
ligand-interacting cavity highlighted in yellow with bound conformation, and (d) another potential internal binding 
pocket highlighted in yellow within the protein structure
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Figure 8. Transmembrane topology of Glutathione S-transferase (GST) from E. coli visualized using Protter v1.0. 
The image depicts the secondary structure of GST, highlighting key structural features. The signal peptide (red-
orange) at the N-terminal region indicates the sequence responsible for targeting the protein to specific cellular 
locations. The protein spans the membrane multiple times, suggesting a possible role in detoxification processes. 
Post-translational modifications (PTMs), sequence variants, and disulfide bonds are annotated based on UniProt 
database predictions. This structural insight provides a basis for understanding GST’s role in antimicrobial resistance 
(AMR) and its potential as a therapeutic target
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bis(trifluoromethyl)-, trans-, Cyclobutyl tridecyl 
phthalate,  Phthal ic  acid,  4-cyanophenyl 
nonyl ester were docked against Glutathione 
S-Transferase (Table 7). The result showed 
Cyclobutyl tridecyl phthalate had a score of 
-8.7 followed by Phthalic acid, 4-cyanophenyl 
nonyl ester -7, then by 1,3-Dioxolane, 4-ethyl-5-
octyl-2,2-bis(trifluoromethyl)-, trans- with -6.9 
lastly Pentalamide with a score of -6.3, Meta-
chlorambucil was used as control which had a 
score of -5.6. Cyclobutyl tridecyl phthalate forms 
conventional hydrogen bonds with Gly50, Lys35, 
and Gln51, significantly stabilizing it within the 
active site via enhanced molecular affinity. Alkyl 
interaction with Phe113 further stabilizes the 
ligand through hydrophobic forces and interaction 

with Arg114 maintains ligand orientation  
(Figure 9).

MD simulation
	 The iMODS simulation of the docked 
complex provided valuable insights into its 
dynamic properties. Key parameters such as 
deformability, variance, and eigenvalues were 
analysed, along with covariance maps and elastic 
networks, to assess the flexibility of the complex. 
Additionally, B-factors were examined to shed 
light on atomic mobility within the structure, 
offering a comprehensive understanding of its 
stability and dynamic behaviour, as illustrated in  
Figure 10. Validation of target protein-ligand 
complex structures Autodock 4.0 methodology 

Figure 9. Molecular visualization of protein-ligand interactions was performed using Discovery Studio software. 
(a) GST with Cyclobutyl tridecyl phthalate, (b) GST with Phthalic acid, 4-cyanophenyl nonyl ester, (c) GST with 
1,3-Dioxolane, 4-ethyl-5-octyl-2,2-bis(trifluoromethyl)-, trans-, (d) GST with Pentalamide
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Table 7. Molecular docking score

Compound	 Formula	 MW	 Structure	 score

Cyclobutyl tridecyl phthalate	 C25H38O4	 402.57		  -8.9 g/mol

Phthalic acid, 4-cyanophenyl	 C24H27NO4	 393.48		  -7 g/mol
nonyl ester

1,3-Dioxolane, 4-ethyl-5-octyl-2,	 C15H24F6O2	 350.34		  -6.9 g/mol
2-bis(trifluoromethyl)-, trans-

Pentalamide	 C12H17NO2	 207.27		  -6.3 g/mol

Meta-chlorambucil	 C14H19Cl2NO2	 304.2		  -5.6 g/mol

was validated with the respective co-crystallized 
ligands of target proteins to ensure the virtual 
screening process. Autodock 4.0 represents 
valid RMSD score and accurate binding with 
target receptor. In this context, Crystal structure 
of glutathione s-transferase from Escherichia 
coli complexed with glutathionesulfonic acid 
(C25H38O4) was tested with its co-crystallized 
glutathionesulfonic. RMSD = 0.001 Å.

DISCUSSION

	 The study of rhizospheric bacteria 
has revealed their potential as a source of 
bioactive metabolites bearing antimicrobial 
properties, particularly in the context of increasing 
antibiotic resistance.27 In this investigation, 
rhizospheric bacteria were isolated and screened 
for antibacterial activity, agar overlay assay for 
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Figure 10. Molecular Dynamics Simulation Analysis of 1A0F (E. coli GST) (a) Deformability, (b) B-factor comparison, 
(c) Eigenvalues, (d) Variance, (e) Cross-correlation map, (f) Covariance matrix showing flexibility, motion correlations 
and atomic fluctuations

the screening of the rhizospheric bacteria in 
present study followed the protocol by Hockett 
and Baltrus.28 Screening of bacteria Burkholderia 
stagnalis focusing on the antimicrobial property 
of secreated bioactive metabolites, in according to 
the previous research emphasising antimicrobial 
property of Burkholderia paludis sp. reported by 
Ong et al.29 FTIR spectroscopy analysis of crude 
extract indicated peaks corresponding to various 
functional groups, including an N-H stretch at 

3352 cm-1 (amine), Ca=N stretch at 2177 cm-1 
(nitrile), and C=C stretches at 1637 cm-1 (aromatic/
alkene), among others, which align with findings 
from previous work.30 GC-MS analysis identified 
24 bioactive metabolites from the bacterial crude 
extracts. Based on these data and comparison 
with the results of literature major bioactive 
metabolites were seen to bear antimicrobial 
property.31
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	 The molecular docking studies conducted 
on bioactive metabolites derived from Burkholderia 
stagnalis  revealed promising interactions with 
the GST protein of  E. coli, a critical target in 
combating antimicrobial resistance (AMR). 
The docking score of the bioactive metabolite 
aligns with known Burkholderia metabolites 
like phenazine-1-carboxylic acid (produced by 
Burkholderia stagnalis-related strains), which 
exhibit antifungal/antibacterial activity, and 
pyrazine derivatives that disrupt microbial targets.32 
These findings are consistent with previous 
research that highlighted the antimicrobial efficacy 
of  Burkholderia  metabolites against various 
pathogens, including carbapenem-resistant 
strains, exhibit their potential in formulation of 
drug.33,34 The evaluation of selected compounds 
for compliance with Lipinski’s Rule of Five indicates 
their suitability for oral bioavailability, aligning 
with studies that emphasize the importance of 
pharmacokinetic properties in drug development. 
Toxicity assessments further classified the 
metab resolution in complex with a glutathione 
analogue metabolites based on administration 
routes, revealing that intravenous administration 
exhibited higher toxicity compared to oral routes, 
which is consistent with findings that suggest 
variations in toxicity profiles among different 
compounds.35 Specifically, compounds like 
1,3-Dioxolane and Cyclobutyl tridecyl phthalate 
demonstrated distinct LD50 values, reinforcing 
the need for thorough toxicity evaluations in 
the development of new antimicrobial agents. 
The applicability domain considerations further 
informed the reliability of toxicity predictions for 
these compounds by the method followed by 
Fisher et al.36 The study highlighted Cyclobutyl 
tridecyl phthalate as a potent GST inhibitor. 
Rhizospheric bacteria, particularly Burkholderia 
stagnalis, are promising sources of natural 
bioactive metabolites as studied by Depoorter 
et al.37 This aligns with previous findings that 
emphasize the role of Burkholderia stagnalis in 
producing bioactive metabolites effective against 
antibiotic-resistant pathogens.38,39

CONCLUSION

	 This study characterized antimicrobial 
metabolites from Burkholderia stagnalis, a 

rhizobacterium with genomic potential for 
diverse secondary metabolites. Computational 
docking identified cyclobutyl tridecyl phthalate 
as a high-affinity ligand (-8.9 kcal/mol) against E. 
coli glutathione S-transferase (GST), a virulence 
factor implicated in detoxification and antibiotic 
resistance. Partial purification validated bioactive 
fractions, consistent with genomic evidence 
of Burkholderia’s biosynthetic richness (>11% 
genome dedication in some species). The GST 
inhibition suggests a mechanism to potentiate 
existing antibiotics by countering resistance 
pathways, similar to cepacins or enacyloxins 
from related species. Further studies should 
integrate in vitro validation of GST inhibition with 
genome mining for novel clusters (e.g., NRPS, 
terpenes) and assess synergy with clinical drugs, 
leveraging Burkholderia’s documented capacity 
for antimicrobial biosynthesis.
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