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The process of hydrolysis of the bond between amides of the four-membered
B-lactam ring in Gram-negative bacteria is the key mechanism of resistance
in B-lactamase enzymes. Because Burkholderia multivorans' PenA f-
lactamase has been selected as a prototype sequence because it is associated
with conditions such as cystic fibrosis and meningitis. In this study, the PenA
B-lactamase sequence from Burkholderia multivorans was retrieved to
demonstrate how multiple sequence alignment and phylogenetic analysis

Page Number: enable relationships between an initial sequence and its progeny.

582-592 Additionally, this work demonstrates the close relationship between

Burkholderia stabilis and Burkholderia cepacia in phylogenetic tree analysis.
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pattern analysis. Based on the crystal structure (PDB ID: 7DOO) of
Burkholderia multivorans PenA B-lactamase Avibactam Complex, the active
site residues in Burkholderia stabilis were shown using PDB files. The
POCASA server was utilized for the active site investigation, and BIOVIA
Discovery Studio 2019 was also used to show the results. Burkholderia
stabilis is a major contributor to wound infection and produces non-invasive
infections. PenA B-lactamase protein can be a target for antibiotic screening
and inhibitor selection. Prominent active binding site residues of PenA
Burkholderia stabilis, were shown to be interacted with the Avibactam based
on molecular docking analysis.
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1. Introduction

Alexander Fleming's discovery of penicillin marked the beginning of a new era in medical research by
making it possible to treat infectious diseases as well as safely provide life-saving therapies like
chemotherapy and surgery. Resistance to penicillin and other advanced B-lactam antibiotics has rapidly
emerged since these drugs were initially employed in clinical settings. [Gaynes, 2017] The primary
root of this type of resistance is a specific category of extracellular proteins called B-lactamases, which
are enzymes that hydrolyze proteins. [Dalia Azhar Ahmed, 2021]

B-lactams continue to be one of the most significant targets for antibiotics. As the primary mechanism
of susceptibility, B-lactamase enzymes hydrolyze the amide bond of the four-membered B-lactam ring
of Gram-negative bacteria. [Tooke et al., 2019] One of the results demonstrated that one species, S.
clavuligerus, was able to generate P-lactamases at cephamycin C and the B-lactamase inhibitor
clavulanic acid, a compound with a five-membered oxazolidinic ring and a B-lactam ring. [Martin et
al., 2022] Several enzymes are dispersed on mobile genetic components in non-fermenting
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microorganisms like Pseudomonas sp. and pathogenic opportunistic germs like Enterobacteriaceae,
which includes E. coli.The four distinct variants of beta-lactamases consist of extra zinc-sensitive or
metallo- B-lactamases (MBLs; class B) and active-site serine beta-lactamases (classes A, C, and D)
[Tooke et al., 2019].

A homologous system is the cornerstone of complementary biology. A trait having a homology is often
a homolog. The term "homolog" is used in biology to refer to both the family of proteins and the gene
sets (DNA sequences) that code for them [Pearson, 2013]. Similar to physical features, the
homogeneity of DNA or protein complexes is determined by their common origin. Protein, RNA, and
DNA homology is often defined by how close their nucleotide or amino acid sequences are. Significant
similarity is demonstrated by the strong evidence that two sequences are linked by evolutionary
changes through a shared ancestor sequence. Alignments combining numerous sequences can be used
to identify the identical segments from each sequence [Barzel et al., 2008]. Large-scale multigene
samples used for phylogenomics and comparative genomics investigations sometimes contain
sequence errors obtained from parent genomes and transcriptomes. Long segments of non-homologous
sequences are often the result of these flaws, which can be brought on by errors in sequencing,
assembly, or annotation. [Terresen et al., 2019] The proliferation of sequencing errors in huge datasets
is caused by the absence of automatic methods to find and correct them. The command-line program
PREQUAL finds and masks segments with contiguous non-homologous characters in collections of
unaligned homologous sequences [Irisarri et al., 2021].

To identify related features and evolutionary gene links, a technique known as multiple sequence
alignment (MSA) is employed. The symmetrical organization of more than a few biological structures
most likely DNA, RNA, or proteinis frequently described by this term. The alignments are produced
and examined using computational techniques. [Warnow et al., 2021] Heuristic and dynamic
approaches are used in the majority of MSA procedures. One of the main goals of MSA is to compare
protein sequences in order to identify structural or functional connections between proteins. [Chatzou
et al., 2016] Because of the intricacy of the computation, MSAs require more advanced techniques
than alignment. Most MSA software uses heuristic methodologies instead of globally optimal
operation. The major difficulty in MSA will pertain to how to manage the expanding data set lengths
in order to handle nucleic acid alignments. [Kemena et al., 2009]

Phylogenetic study examines the evolutionary path of a species, a group of organisms, or a particular
feature of an organism's genome based on how similar its genes are. To illustrate this, a diagram known
as a phylogenetic tree is created. In 2018, Lewis et al. Similarities and differences between the genomes
have been revealed using aligned sequencing within phylogenetic trees. Phylogenetic analysis enables
the understanding of relationships between an initial sequence and its progeny.

In homology modeling, sometimes called comparative protein modeling, an atomic resolution model
of a protein is created using the amino acid sequence of a "target" protein and the three-dimensional
molecular structure of a comparable homologous protein that has been identified by experimentation
(the "template"). In homology modeling, one or more protein structures that are likely to match the
structure of the query sequence are chosen in order to align the query sequence's residues with those
of the template sequence. [Fiser, 2010] Sequences that are 20% or less identical might, nevertheless,
employ rather distinct architectures. Compared to protein sequences, protein structures are shown to
be significantly more highly conserved among homologues. [Schwede et al., 2003]

Molecular docking becomes an essential technique when it comes to identifying molecular structures

and computer-powered medication development. The objective of ligand-protein docking is to
estimate the principal contact approaches of an element that binds with a protein together with a certain
three-dimensional configuration [Subhaswaraj et al., 2022]. Effective docking techniques employ a
scoring system that accurately rates potential dockings while investigating high-dimensional spaces.
Molecular docking's ultimate goal is to use computer programs to anticipate the structure of the binding
site-receptor complex [Wu et al., 2003]. Docking can be performed in two complimentary steps: first,
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sampling the ligand's structures in the protein's highly active region; and second, using a scoring
system to assess the resultant conformations [Meng et al, 2011]. Lead enhancement benefits
tremendously from the use of docking through online screening on large chemical libraries, grading
the results, and providing conformational insights into how ligands work to interact the target
computationally [Torres et al., 2019].

2. Materials and Methods
2.1 Sequence Retrieval and Alignment

PenA B-lactamase sequences were retrieved from the UniProt database (e.g., UniProt ID: Q02940).
Burkholderia multivorans' PenA B-lactamase sequence was obtained from the UniProt service in
FASTA format. Initially, the PenA B-lactamase protein sequence from Burkholderia multivorans was
stored in the "sequences.fasta" format. Because the sequence was examined by the UniPortKB (Swiss-
Prot) server, the received sequence status displayed a star sign prior to its unique ID, indicating that it
was legitimate. This site may also be used to study other aspects of this protein, such as its structure,
domain, sequence, and comparable proteins. Homologous sequences from six Burkholderia species
were aligned using ClustalO and MEGA software. To find conserved motifs throughout the sequences,
all obtained FASTA sequences were entered into the MEME server. The MEME server detected the
motif based on the provided criteria. The number of motifs required for the research project may also
be indicated on the MEME server.

2.2 Phylogenetic Analysis

Neighbor-joining and UPGMA phylogenetic trees were constructed in MEGA. Evolutionary distances
were estimated to identify closely related species. The previously received FASTA format
"sequences.fasta" was first opened in MEGA program in order to visualize the alignment. Clustal W
was then used to accomplish the alignment. CLC Sequence Viewer 8.0 was then used to visualize
alignment. NJ/UPGMA of MEGA program was used to create an additional phylogenetic tree.
Conserved sites, half conserved sites, and singleton sites were computed later.

2.3 Homology Modeling

The 3D structure of PenA from B. stabilis was modeled using SWISS-MODEL based on the template
structure of B. multivorans PenA-Avibactam complex (PDB ID: 7DOO) [Papp-Wallace et al., 2017].
Model validation was performed using the SAVES server, including Ramachandran plot statistics.

2.4 Active Site Prediction

Active site residues were predicted using POCASA, followed by visualization in BIOVIA Discovery
Studio.Based on the crystal structure of Burkholderia multivorans PenA [-lactamase Avibactam
Complex (7DOO0O), the PDB dataset was utilized to view the active site residues in Burkholderia
stabilis. Cavity search, which predicts binding locations and pockets of 3D proteins and their active
site residues, was conducted using POCASA. All of the settings for pocket cavity and active site
identification were manually selected in order to achieve the intended outcome of the experiment.

2.5 Molecular Docking
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The interaction between PenA B-lactamase and Avibactam (Compound CID: 9835049) was studied
using BIOVIA Discovery Studio’s LibDock and CDOCKER modules. The protein site properties that
LibDock uses are called HotSpots. There are two types of hotspots: polar and apolar. An apolar atom
selects an apolar hotspot, while a polar ligand atom (which may be a hydrogen bond donor or receiver)
favors a polar hotspot. The binding site HotSpot file is calculated before to the docking procedure. But
if you'd like, you can use a predefined or user-adjusted HotSpot file. The protocol offers the user a
variety of methods to generate ligand conformations that are suitable for docking. CDOCKER is a
CHARMmMm-based docking tool that uses a rigid receptor [Wu et al. 2003-.CHARMm is used in the
grid-based docking of molecules method known as CDOCKER. The ligands are allowed to bend
throughout the refining process, but the receptor stays rigid. For anticipated ligands, the binding
position does not need to be known beforehand. However, by figuring out where the ligand is located
in the active site, the binding site domain may be used. Residue-ligand interactions were analyzed in
2D and 3D formats.

3. Results
3.1 Sequence Similarity and Phylogeny

Multiple sequence alignment revealed high conservation in regions such as ALERAAGGRLGVCAID
and PGLLQQRVT across Burkholderia species. Phylogenetic analysis showed B. stabilis clustering
closely with B. cepacia.

CLUSTAL 0{1.2.4) multiple sequence alignment

WP_912216561.1 MTHSSQRRILL IDATVSDAASPYVEAARA

WP_269263816.1 MTYSSQR L

WP_129515498.1 MTYSSQRRTI

WP_248245795.1 MTYSSQRR

WP_968198872.1

WP_1756998122.1

WP_912216561.1

WP_269263816.1

WP_1255154908.1

WP_248245795.1

WP_268198872.1

WP_175698122.1

WP_912216561.1 /TAYARSIGDDTFRLDRWET
WP_969263816.1 /TAYARSIGDDTFRLDRY ET
WP_129515498.1 /)
WP_248245795.1

WP_26@8198872.1

WP_175698122.1

WP_912216561.1 ELNTALPGDLARDTTTPAA

WP_969263816.1 ELNTALPGDLRDTTTPA,

WP_129515498.1 hLIlTﬁ PGDLRDTTTFA,

WP_248245795.1

WP_260198872.1

WP_175698122.1

WP_912216561.1 FLANY Y TOTRADAKAKDDN 3
WP_969263816.1 FLTWY Y TQARADA 2
WP_129515498.1 2
WP_248245795.1 295
WP_260198872.1 295
WP_175698122.1 296
WP_912216561.1

WP_969263816.1

WP_129515498.1

WP_248245795.1

WP_9608198872.1

WP_175698122.1

Figure 1: Alignment visualization of selected multiple sequences with B. stabilis PenA by using
Clustal O
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WP 129515490.1 PEN family class A beta-lactamase Bcc-type Burkholderia stabilis

100

WP 048245795.1 PEN family class A beta-lactamase Bcc-type Burkholderia cepacia

WP 060190872.1 PEN family class A beta-lactamase Bcc-type Burkholderia diffusa

WP 175690122.1 PEN family class A beta-lactamase Bcc-type Burkholderia anthina

WP 069263816.1 PEN family class A beta-lactamase Bcc-type Burkholderia vietnamiensis

WP 012216561.1 PEN-A family class A beta-lactamase Burkholderia multivorans

Figure 2: UPGMA based phylogenetic tree generation by using MEGA tool
3.2 Conserved Motif Analysis

MEME analysis identified motifs shared across all species except minor variations in motifs 28-33.
These variations aligned with observed phylogenetic branching.

Name p-value Motif Locations
WP_012216561.1 5.83e-194 L
WP_129515490.1 2.33e-207
WP_048245795.1 4.67e-209
WP_060190872.1 6.64e-208
WP_069263816.1 1.10e-198
WP_175690122.1 2.87e-205

Motif Symbol Motif Consensus
T ERFPFCSTFK
FRLDRWETEL
WLRGNKVGDK
CEARIQYSDN
VNYSPVSEKH
PIVLAVYYTQ
MTYSSORRTL
SVEHPGLLQQ
NDAGVVWDPDPS
NLLMKLICGGP
GGRLGVCAID
DKTGTGDYGT
TAYARSIGDD
RIRAGVPAGW
NTALPGDLRD
ADAKAKDDV I
LPPAQRAOLV
SGRRALHRAD
VDTGMTVAEL
SATSFAALER
TTTPAAMAAS
MLSAAVLAQ
APLVLTVTAC
AAARIAVATF
RVTYGOAD
LRVLTLGD
SPRAGAPDVS
PPAAAPGI
LLAAAT
LLAAAT
LLDAAS
GARDAE
GLAVAE

QRNOAEWNSOORNDRWRNSOOHND MR

Figure 3: Colorimetric observation of multiple motifs by using MEME server

3.3 Structural Modeling and Validation
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The modeled structure had 93.4% of residues in the most favored regions of the Ramachandran plot,

indicating a high-quality structure.

PROCHECK

Ramachandran Plot
saves

-

Psi (degrees)

180 135 90 45 0 45 90 135 180
Phi (degrees)

Plot statistics

Residues in most favoured regions [A,B.L] 212 93.4%
Residues in additional allowed regions [a,b,1,pl 14 6.29%
Residues in generously allowed regions [-a,~b,~1~p| 1 0.4%
Residues in disallowed regions 0 0.0%
MNumber of non-glycine and non-proline residues 227 100.0%

Number of end-residues (excl. Gly and Pro)
Number of glycine residues (shown as triangles)
Number of proline residues 11

l'otal number of residues 262
Based on an analysis of 118 structures of resolution of at Jeast 2.0 Angstroms

and R-factor no greater than 20%, a good quality madel would be expected
0 have over 90% In the most favoured regions.

saves_01.ps

Figure 4: Visualization of Ramachandran Plot Statistics done by SAVES server PROCHECK source
information

3.4 Active Site Characterization

Predicted active sites in B. stabilis corresponded well with those observed in the template structure
(7DOO0), particularly residues like Lys®!, Ser’®, and Tyr!'!?,
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Figure 5: POCASA generated pockets visualized using BIOVIA Discovery Studio 2019

3.5 Docking Analysis

Avibactam docked effectively at the predicted active site. Sixteen residues were involved in binding,
12 of which overlapped with predicted active sites, supporting the functional relevance of the modeled
structure.

TYR
A:137
TYR
A:113
WAL
. A:224 <o o
A:81
: LYS ALT8
/P A:242
THR Vel
A:243 i H
ASN
A:140
H
GLY o

| SER THR A:178
Q A:138 A:245
G LY
Ac24a49
ARG
ASN A228

Figure 6: Visualization of 2D interaction of residues with drug Avibactam in BIOVIA Discovery
Studio 2019
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Figure 7: Full 3D representation of docked PenA B-lactamase Avibactam complex with showing the

4. Discussion

acceptor & donor regions

This study provides the first detailed sequence and structure-based classification of PenA B-lactamase
from B. stabilis. The conserved motifs and active site residues align with known resistance
mechanisms, reinforcing the model's accuracy. Docking analysis demonstrated Avibactam's potential
as a viable inhibitor. Similarity to other clinically significant Burkholderia species further validates
these findings and encourages broader therapeutic screening.

Table 1: Active site residues details with interacted residues

Predicted Active Site | Interacted Residues by 2D Common Residues
Residues BIOVIA
Ly581 Tyl‘137 Ly881
Ser’® Asn?? Ser’®
Cys”? Asn222 Tyr! 13
Tyrl 3 Gly?> Ser!38
Ser!38 Lys®! Asn!40
Asn!40 Ser’® Asn!”®
Glu™ Tyr' 3 Val224
Asn! /8 Ser!38 Arg?®
Val224 Asn!40 Lys2?
Arg??® Asn!7® Thr2*?
Lys?® Val24 Gly?*
Thr2® Arg?® Thr2%5
Gly?* Lys?*
Thr245 Thr243
Gly2* Gly?*
Thr245
IJSCI | Vol.3 No.01, January 2026 | https://ijsci.com 589
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5. Conclusion

Burkholderia stabilis is a major contributor to wound infection and produces non-invasive infections.
PenA protein can be a target for antibiotic screening and inhibitor selection. Docking analysis revealed
that residues Tyr'?’, Asn??, Asn??2, Gly?%, Ser’®, Lys®!, Tyr'!3, Ser!3%, Asn!0, Asn!”®, Val??4 Arg??8,
Lys?*2, Thr*®, Gly?*, and Thr?* of Burkholderia stabilis PenA were interacting with Avibactam. Of
these, 12 residues Ser’®, Lys®!, Tyr!!3, Ser!3®, Asn!40, Asn!78, Val??4, Arg??8, Lys?*?, Thr***, Gly**, and
Thr?* were shared by the identified active site residues (PDB ID: 7DOO). According to in-silico
research, Avibactam may also be utilized as a well-known antibiotic to treat illnesses linked to
Burkholderia stabilis.
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