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Abstract

The infection of the Burkholderia pseudomallei causes the
disease melioidosis. for which the treatment method takes longer
time, and sometimes it is difficult to completely eradicate the
bacteria from the body. Moreover, its antibiotic resistance in
nature created great concern in recent times. Hence, there is an
urgent requirement to identify new drug molecules that can
improve the current process of treatments and reduce the risk to
people. This study analyzed the pyrimidine metabolic pathways
of Burkholderia pseudomallei strain K96243, and UMP (Uridine
monophosphate/Uridylate) kinase enzyme was selected as the
drug target. After structure prediction by the AlphaFold server,
the validation of the structure was performed by using Procheck,
Verify3D, and Errat tool. Further, six probable inhibitor
molecules were selected from the PubChem database, including
the natural inhibitor of the enzyme, Uridine triphosphate (UTP).
The molecular docking study predicted that the UTP (CID 6133)
had the highest docking score, followed by another compound
PubChem (Compound ID) CID 284262. Then, Toxicity and
ADMET properties were computed and analyzed. Further, a 5
nanosecond molecular dynamics simulation of the complex of
UMP-Kinase and CID 284262 was performed by using the
Gromacs 5.1.1 software to analyze the stability of the best
complex. It was predicted that the CID 284262 might be
considered a suitable inhibitor of the enzyme.

Keywords: Metabolic pathway analysis, UMP kinase enzyme,
Molecular docking, Drug target prediction, Molecular dynamics
simulation, Inhibitor compounds

Introduction

Burkholderia pseudomallei is a pathogenic gram-negative, bi-
polar, aerobic, motile, rod-shaped soil-dwelling bacterium, and
the infection in the tropical and subtropical regions causes the
disease melioidosis (Wiersinga et al., 2018; Savelkoel et al.,
2022). These bacteria are also known for the resistant to various
environmental conditions, including deficiency of nutrients,
temperature, and pH (Inglis et al, 2001).1It
infects humans and animals, primarily cattle and livestock such as
goats, pigs, and sheep (Ekakoro et al., 2022). Bacterial infection
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in humans is associated with different pathogenic conditions like
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widespread pulmonary infection, septicemic infection, diabetic
patients, and renal disease (Gassiep et al., 2020). Continuous
exposure to infected soils and groundwater leads to an increased
risk of causing melioidosis. Pneumonia is the most common
symptom of melioidosis, observed in half of all cases (Leung et
al., 2023). The seriousness of the disease varies widely, such as
illness with high fever, tiny cough, inflamed pain, and difficulty
breathing (Khattab et al., 2022). Presently the drug doxycycline is
widely used as one of the most efficient therapeutic strategies for
infection (Sridharan et al., 2021). However, studies reported that
the B. pseudomallei bacteria also shows resistance to doxycycline
while testing against the drug with different strains (Zueter et al.,
2022). This bacterium is also naturally resistant to many
antibiotics, including penicillin, cephalosporins, macrolides,
rifamycins, polymyxins, and aminoglycosides (Di Fiore et al.,
2022). The process of antimicrobial resistance has been studied as
the bacterial antibiotic efflux pump was characterized as the key
cause of the resistance (Somprasong et al, 2021). Since no
licensed versions of vaccines are available for melioidosis
disease, new therapeutic measures and vaccination strategies are
expected to come shortly as a preventive measure against the
infection (Morici et al, 2019; Currie 2022). In drug design
strategies against bacteria, nucleotide metabolism is frequently
studied to identify the drug targets, as the pathway's enzymes are
considered essential (Kumari, & Tripathi, 2021; Perveen &
Sharma, 2022). The nucleoside monophosphate (NMP) kinases
are a critical group of enzymes involved in the pyrimidine
synthesis metabolic process (Beji et al., 2020). The de novo of the
pyrimidine nucleotide biosynthetic process consists of different
vital metabolic enzymes conserved among the prokaryotic and
eukaryotic organisms, including humans (Uddin et al., 2020,
Wryllie et al., 2022).

The current work aims to discover some inhibitor molecules from
the database and investigate the inhibition potential against the
UMP kinase of Burkholderia pseudomallei (strain K96243)
bacteria.

Materials and Methods

Computational Resources Used for Molecular Docking and MD
Simulation Study

Processor: AMD Ryzen 3900*4.6GHz, Mother Board: Gigabyte
B550 Acurs pro AC, RAM: Corsair 16*2 vengeance 3200NH
32GB, GPU: Asus dual GT 165004G, Operating system: Ubuntu
Version 2021
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Analysis  of Nucleotide Synthesis Metabolic Pathway of
Burkholderia  Pseudomallei (strain  K96243) and Target
Prediction

The nucleotide synthetic pathway of the Burkholderia

pseudomallei was searched in the KEGG pathway database
(https://www.genome.jp/kegg/) with the organism keyword. The
active genes involved in the pyrimidine metabolism were
retrieved along with the sequence and functional information.
Further, the sequence similarity was searched against the Homo
sapiens using the protein Basic Local Alignment Search Tool
(BLAST) available at
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins by using
the default parameter. The essential enzymes of the bacteria
having no significant similarity were selected as the target in the
present study. Further, the essential nature of the selected target
protein was searched in the DEG (Database of Essential gene)
database (http://origin.tubic.org/deg/public/index.php) to confirm
the result.

Retrieval of the Three-Dimensional (3D) Structure of the Target
Enzyme of Burkholderia Pseudomallei (strain K96243) and
Validation

The 3D structure of the enzymes was obtained from the
AlphaFold server (https://alphafold.ebi.ac.uk/). Further, the
structural validation was performed by analyzing the output of
several tools like PROCHECK (Ramachandran plot), ERRAT,
and Verify 3D (https://saves.mbi.ucla.edu/).

Retrieval of Ligand Information

In the present work, the UTP and five similar types of compounds
were considered inhibitor molecules by searching the literature
(Arvind et al., 2013). The compound structures were retrieved
from the PubChem database, and several molecular features were
computed.

Molecular Docking, ADMET Property, and Molecular Dynamics
Simulation Study

This selected target protein (receptor) and the ligand were
subjected to the molecular docking study. Molecular docking uses
searching and scoring algorithms to calculate the binding affinity
and conformation of the ligand on the receptor molecule
(Satpathy, 2020; Aleidi et al., 2022). Followed by molecular
docking, the toxicity level and ADMET (Absorption, distribution,
metabolism, excretion, and toxicity) properties were evaluated for
the ProTox-II server (https://tox-new.charite.de/protox II/) and
Swiss ADME server (http://www.swissadme.ch/) respectively.
Protox II server takes the input molecule in the canonical
SMILES (Simplified Molecular-Input Line-Entry System)
format. It predicts the compound's toxicity in six classes (Class I
fatal to Class VI non-toxic). Further, GROMACS 5.1.1
(Groningen Machine for Advanced Chemical Simulations)
software was employed for MD simulation at 5 nanoseconds (ns)
time scale. It is an open-source, free molecular dynamics
modeling program that is primarily made for simulating
biological molecules, including proteins, lipids, and nucleic acids
(www.gromacs.org). The 5 nanosecond molecular dynamics
simulation was conducted for the receptor only and the selected
ligand-receptor complex in the water environment by choosing
the GROMOS 43A1 force field with SPCE as the water molecule
topology. For the complex simulation, the topology file of the
ligand molecule was obtained from the Prodrg
(http://prodrgl.dyndns.org/submit.html). The MD simulation
result generated the parameters such as Root Mean Square
Deviation (RMSD), Root Mean Square Fluctuation (RMSF),
Radius of gyration (Rg), Hydrogen bond, and Solvent accessible
surface area (SASA) were considered for further analysis
(Daivasigamani ef al., 2022; Ghahremanian et al., 2022).

server

Results and Discussion
Metabolic Pathway Analysis and Identification of the Target

The metabolic pathway related to pyrimidine metabolism resulted
in 7 active enzymes involved in the pathways (Figure 1). The

enzyme details with the E.C. numbers and functions were
retrieved. Further, the protein sequences were obtained from the
Uniport database. Further the
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Figure 1. Screenshot of the active enzymes (highlighted in red) involved in the pyrimidine metabolism of Burkholderia pseudomallei
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Position-specific iterated Blast (PSI-BLAST) program was used
to obtain the homologous nature of the proteins concerning the
human genome. The output of the seven selected enzymes is
shown in Table 1. The enzyme uridylate kinase (uridine

monophosphate kinase) did not show any homology as no
significant similarity obtained with the human genome was
selected as the target for the present study. The DEG database
search also confirms the essential nature of the enzyme as it is
available in the database with the DEG ID DEG10350258.

Table 1. Enzyme details involved in the pyrimidine metabolism and selection of targets

BLAST Matching with human,

S.N N f the E G E.C N Functi
ame ol the Znzyme ene ° unction E-value, and % similarity
| nucleos1dt.3 diphosphate ndk EC2.74.6 . Synthesis of nucleoside Similar to NDP kinase,
kinase triphosphates other than ATP. 9e-34, 43.94%
Catalyzes the reversible
2 Uridylate kinase pyrH EC:2.7.4.22 phosphorylation of UMP to No Significant Similarity
UDP
Catalyzes the ATP-dependent CTP synthase 2,
TP synth EC:6.3.4.2 S
3 CTP synthase pyrG €63 amination of UTP to CTP le-166, 45.08%
ribonucleoside- Provides the precursor reﬁiz::l;f;iiizhgsi }:gim
4 diphosphate reductase nrdB EC:1.17.4.1 molecules, essential for DNA 1
beta chai thesis.
eta chain synthesis 1638, 26.88%
Generates the immediate dUTP Pyrophosphatase complex
5 dUTP Pyrophosphatase dut EC:3.6.1.23 precursor, dUMP, of thymidine with dUDP
nucleotides 1e-17,35.88%
Catalyzes the reductive
X . methylation of 2'-deoxyuridine- .
tative th lat th; lats th:
6 putative thymidylate thyA EC2.1.145  5-monophosphate (AUMP) to ymidylate synthase,
synthase } o le-54,35.51%
2'-deoxythymidine-5'-
monophosphate (dTMP)
Phosphorylation of dTMP to
7 putatlvcla( itrlllzsr;udylate tmk EC:27.49 form dTDP in both de novo and thymidylate kinase,

salvage pathways of dTTP
synthesis

7e-08, 28.92%

Structure Prediction of the Uridylate Kinase

The 3D structure of wuridylate kinase of Burkholderia
pseudomallei strain K96243 is not available in the PDB. Hence,
the alpha fold server was used to obtain the 3D structure and

visualized it. The key binding sites were obtained from the

UniProt server

(https://www.uniprot.org/uniprotkb/Q63T14/entry) and are shown
in Figure 2.
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Figure 2. a) Predicted 3D structure of UMP kinase enzyme and b) binding residues ATP binding residues are 11-14, 54,58, 161,167,170
(Red color highlights), UMP binding sites are 53, 73, 134-141 (Blue color highlights). The lower section describes validation features of

the UMP kinase 3D model.
Table 2. Ligand details selected for docking studies
SN Compound m— DOCKING SCORE
: (CID) (Kcal/mole)
| 25390206 N-benzyl-2-[(2S,3R,4S,5R)-3 ,4—d1hydr0xy—5—(meth.anesulfonamldomethyl)oxolan—2—yl]— 73
N methylacetamide
5 28359984 2-(4-acetyl-3,5-dimethylpyrazol-1 -yl)—N—[2-[.(2-methoxyphenyl)methyl]pyrazol-3- 73
yl]acetamide
3 284262 4-(2-Ammo-4-(4-chlorophenyl)-7—0xo-§H-p.yrrolo[3,4-d] pyrimidin-6(7H)- 81
ylbutanoic acid
4 284264 4-[2-amino-4-(4-methoxyphenyl)-7-oxo-5H-pyrrolo[3,4-d]pyrimidin-6-yl]butanoic acid -7.8
5 6133 [[2R,3S,4R,5R)-5-(2,4-dioxopyrimidin-1-yl)-3,4-dihydroxyoxolan-2-yl] methoxy- 8.7
hydroxyphosphoryl] phosphono hydrogen phosphate (UTP) )
6 8900795 1-[2-[[5-0X0-4-[[(ZR)-oxolan-IZ-y.l]methyl]-lH-l,2,4-tr1azol-3- 69
yl]sulfanyl]acetyl]piperidine-4-carboxylate

The 3D structure of the molecule was predicted, and the ATP and
UMP binding residues were highlighted (Figure 2). The model Y wasx
was further subjected to validation by using different parameters.
The Ramachandran plot of the model shows 96.5% of residues
are in favorable regions. The analysis of the model by the Errat 74
tool generated a quality factor of 99.561, and a satisfactory level -
of the plot was obtained by Verify 3D tool (Figure 2). The
overall result indicates that the model quality is good and can be >
considered for further study. Molecular docking by 0
AutodockVina tool predicted the UTP, the enzyme's natural :
inhibitor having the highest binding affinity (docking score = -8.7 " et
Kcal/mole). However, another molecule, CID 284262, also
showed a comparatively good docking score (-8.1 Kcal/mole) BEE Omvevritbepm ot by
(Table 2). R
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Figure 4. Parameters computed after MD simulation of
UMPkinase -CID284262 complex (red color and black color
represent simulation result of ligand-receptor complex and
receptor only respectively)

The molecule CID 284262 formed the four hydrogen bonds with
the receptor as Thr 134, Gly135, Asn 136, and Thr 141 (Figure
3c¢), which covers the UMP binding site of the enzyme (Figure
3). During molecular dynamics simulation, the RMSD values of
each frame corresponding to time are given in Figure 4. An
initial sharp increase in the RMSD values indicated that, for a
period of up to 2 ns, the RMSD values of the ligand-receptor
complex rose gradually. Finally, at five ns, the values were
observed to be decreased. The RMSD values were within 0.3 nm,
demonstrating that the backbone of the protein molecule did not
fluctuate much. The amino acid residue fluctuation was computed
from the RMSF plot generated during the 5 ns MD simulation.
The mean RMSF value indicated that each amino acid residues
were stable of the protein during MD simulation. The Rg values
indicate the rigidity of the protein system and were analyzed
during the MD simulation. The data show that the Rg value was
very close to the maximum, indicating the system's stability
throughout the five ns MD simulation (Pingale & Amrutkar,
2021). Also, there is a decreasing trend in the SASA value was
observed. Similarly, the hydrogen bonding pattern was observed
to be strengthened during the MD simulation. Therefore, overall,
the results confirm the stability of the UMP Kinase- CID 284262
complex molecular system considered for the present MD
simulation study (Abdulazeez, 2019; Islam et al., 2021; Biharee
et al., 2022).

Table 3. Toxicity features and some significant ADMET properties of the molecules

sx Comml G S sy et T
1 25390206 High No 4.08 Soluble No 5
2 28359984 High No 3.19 Moderately soluble No 4
3 284262 High No 2.63 Moderately soluble Yes 4
4 284264 High No 2.71 Moderately soluble Yes 4
5 6133 Low No 5.02 Soluble No 6
6 8900795 Low No 3.17 Soluble No 4

The toxicity profiling of compounds showed the natural inhibitor
UTP is completely non-toxic; one compound CID 25390206, was
observed as under toxicity level 5, and other molecules are under
Toxicity level 4 (harmful if swallowed (300 < LD50 < 2000)
(Table 3) (Mustarichie & Saptarini, 2023). In addition, molecule
284262 has a LogP value of 2.72; hence there is a minor issue in
the molecule's solubility (Banerjee et al, 2018). Several
important ADMET properties were also computed from the Swiss
ADME server and presented in Table 3. It shows that the Gi
absorption of the proposed molecule is high and can be easily
absorbed from the gastrointestinal tract by the cellular transport
mechanism. Also, the molecule is not permeable to the blood-
brain barrier (BBB) shield of the brain. Least synthetic
accessibility is also another advantage of the drug molecule.

However, solubility was observed as an issue when considering it
as a drug molecule (Daina et al., 2017; Bergstrom & Larsson,
2018).

Fassy et al., in their work, selected the UMP kinase enzyme of
Streptococcus pneumoniae as an effective drug target for the
antibacterial compound development. The work also explained
the essential function of the UMP kinase in the catalyzation of
UMP by ATP phosphorylation to produce UDP and ADP (Fassy
et al., 2004). Chong et al. compared the genome of Burkholderia
pseudomallei with different species and identified 312 essential
genes (probable drug targets) of the pathogen using
computational methods (Chong et al., 2006). Egeblad-Welin et
al. derived the crystallographic structure of the UMP kinase from
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the pathogen Ureaplasma parvum, which show similarity in the
3D structural fold with other bacterial and archaecal UMP kinase
enzyme. The research provides insight into enzyme selection as a
potential target, and the possibility of developing inhibitor
compounds has been discussed (Egeblad-Welin et al., 2007).
Rostirolla et al. reviewed that the UMP kinase enzyme can be
suitably used as the drug target in the case of Mycobacterium
tuberculosis, based on which design of novel inhibitor molecules
are possible (Rostirolla et al., 2009). In another work, Rostirolla
et al. described that the uridine 5'-monophosphate kinase
(encoded by the pyrH gene) is involved in de novo and salvage
synthesis of nucleotide biosynthesis in case of Mycobacterium
tuberculosis bacteria. Since the enzyme does not show homology
with the eukaryotic (human) counterparts, specific inhibitors as
anti-tubercular agents could be designed (Rostirolla ez al., 2011).
Yoshida et al., in their research, showed that the compound
PYRH-1 is the effective inhibitor of the UMPkinase enzyme in
the case of both Streptococcus pneumoniae and Haemophilus
influenza bacteria (Yoshida ef al., 2012). Moule et al. conducted
a genome-wide study to screen the drug targets in the B.
pseudomallei genome. In their research, they identified 505
essential genes in B. pseudomallei K96243. Three genes are
predicted to be crucial, pyrH (encodes uridylate kinase), accA
(encodes acetyl-CoA carboxylase carboxyltransferase subunit
alpha), and sodB (encodes superoxide dismutase) (Moule ef al.,
2014). Ross et al. screened a compound library containing 400
inhibitor molecules and predicted seven potential compounds that
show anti-bacterial activity against B. pseudomallei K96243
(Ross et al., 2018). Khan et al. reported about 45 essential,
unique, human non-homologous proteins of Burkholderia
pseudomallei K96243 using a subtractive-genomics approach.
Further screening resulted in 36 proteins selected for molecular
docking with 14 antibiotics followed by 100ns MD simulation.
Finally, two
phosphoribosyl transferase were predicted as novel drug targets.
Also, the research identified the antibiotics cefiderocol and
tetracycline show the best affinity towards the selected target
(Khan et al., 2022). Recently, Walter et al. studied the molecular
mechanism and effect of UTP binding to the UMP kinase enzyme

enzymes, dihydroneopterin  aldolase, and

of Mycobacterium tuberculosis bacteria by using X-ray
crystallography and cryo-electron microscopy. They reported that
the UTP binding causes substantial flexibility in the Mg-ATP-
binding domain of the enzyme. The fact can be helpful and might
be considered while targeting the bacterial UMP kinase enzyme

in drug discovery (Walter et al., 2022).
Conclusion

Burkholderia pseudomallei infection is considered a global threat
due to its ability to cause melioidosis. This work used a
bioinformatics pipeline to study the potential targets and
inhibitors of Burkholderia pseudomallei strain K96243. First, the
computational method was used to analyze the pyrimidine
biosynthetic pathway, and the UMP kinase enzyme was selected
as the suitable drug target for the bacteria. After prediction and
validation of the 3D structure followed by molecular docking,
inhibitor compounds UTP (CID 6133) and (CID 284262) was
obtained as potential inhibitor molecule. Furthermore, the
stability of the binding complex (UMP kinase - CID 284262)

was analyzed by 5 ns MD simulation and accessing parameters
like RMSD, RMSF, Rg, SASA value, and hydrogen bonding
pattern. Finally, toxicity features were computed for the selected
ligand molecules with some important features. The analysis
predicted that the compound PubChem CID 284262 is effective
and can be used to disrupt the function of the UMP Kinase
enzyme. Further, the rational design in the molecule might be
helpful to reduce the toxicity and solubility issues. Later on,
synthesis and pre-clinical studies of the designed compound with
Burkholderia pseudomallei strain K96243 are recommended for
the therapeutic management of melioidosis disease. However, this
is a computational prediction, hence, experimental verification is
necessary to validate the fact.
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