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ABSTRACT

Pseudomonas aeruginosa causes acute and chronic infections in patients
hospitalized after surgery, heat burns, and other injuries. Different
antibiotics are used to treat bacterial infections. A commonly used
cephalosporin, namely ceftazidime, shows a significant effect against P,
aeruginosa. Ceftazidime targets penicillin-binding protein in P. aeruginosa.
Currently used antibiotics are facing resistance due to different
mechanisms. Targeting the mutated penicillin-binding protein 3 of P.
aeruginosa, this study aims to improve the binding affinities of ceftazidime
by adding various functional groups in methylpridinium ring. In silico tools
were used to modify the structure of ceftazidime to make it effective against
the resistant strains of P. aeruginosa. The 3D structures of normal and
mutated penicillin-binding proteins were retrieved from Protein Data Bank
(PDB). The structure of the antibiotic was retrieved from PubChem and
EMBL-EBI, which was modified through Chemsketch. Azide and phenyl
carbonyl groups were added in the methylpridinium ring of ceftazidime.
AutoDock Vina was used to visualize the binding affinities of the
engineered ceftazidime with proteins. PyMOL was used for visualization.
The binding affinity of the engineered ceftazidime was improved upto -8.9
kcal/mol. Simulation analysis of the complex showed its eigenvalue and
covariance. The feasibility of the modified structures was verified using
SwissADME. ADMET analysis confirmed that these structures remain
feasible for utilization after clinical trials. The above modifications allow a
better treatment of infections caused by stronger and resistant P. aeruginosa
strains. Further analysis needs to be carried out in order to improve other
antibiotics and different conjugates for the effective treatment of infections
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caused by this bacteria.

Keywords: ADMET studies, antibiotic resistance, drug resistance, drug
repurposing, drug safety, molecular interaction, Pseudomonas aeruginosa

Highlights

¢ Improved binding affinity of ceftazidime against resistant P. aeruginosa
strains by adding functional groups.

e In silico modification of ceftazidime using molecular modeling
techniques.

e Feasibility for clinical trials confirmed, promising treatment for
resistant P. aeruginosa infections.
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I. INTRODUCTION

Pseudomonas aeruginosa is a Gram-negative bacterium. It inhabits
moist surfaces and fresh water and is responsible for many acute infections
[1-3]. P aeruginosa is a causative agent for hospital-acquired and
ventilator-acquired pneumonia and is also the source of microbial keratitis
in patients using contact lenses [4, 5]. It also causes chronic infections in
patients with cystic fibrosis, organ transplant, malignant external otitis,
endophthalmitis, septicemia, and meningitis. Patients with pseudomonal
infections are subject to higher mortality than others. About 7.1-7.3% of all
healthcare-associated infections are reportedly caused by P. aeruginosa [6,
7]
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The infections caused by P. aeruginosa are treated by different classes
of antibiotics, mainly including beta-lactams, carbapenems, and
aminoglycoside. B-lactams comprise a major class of antibiotics which acts
as an inhibitor of penicillin-binding proteins (PBP), mainly PBP3 of P,
aeruginosa [8, 9]. P-lactams inhibit the transpeptidase and DD-
carboxypeptidase activity. P. aeruginosa has developed resistance against
different B-lactams due to the inhibition of porins, degradation of B-lactams,
alteration of PBP3, and increased antibiotic efflux. Due to the high mortality
infections caused by P aeruginosa, improved antibiotics need to be
developed for their better treatment [10, 11].

Ceftazidime is commonly used, either alone or in combination with
other B-lactams, for treating infections caused by P. aeruginosa [12]. It is
the most common [-lactam antibiotic currently used for the treatment of
such infections. Ceftazidime contains a cephem nucleus, with
methylpridinium group attached to carbon 3 and an aminoacyl group
attached to carbon 7. Alpha carbon of aminoacyl group in ceftazidime
attaches a carboxy-propyl-oxyimino chain and an aminothiadizol ring.
Methylpridinium group and carboxy-propyl-oxyimino chain show
antimicrobial activity against P. aeruginosa [13].

6HRO is the Y409 mutant of PBP3 protein in P. aeruginosa. Tyrosine
residue at 409 in PBP3 P. aeruginosa plays a critical role in the active site
which facilitates B-lactam binding and acylation through intramolecular
interactions that stabilize key catalytic motifs. Mutations at or near Y409,
such as those in the penicillin-binding domain, disrupt these interactions,
thus reducing PBP3 affinity for ceftazidime [14]. Whereas, 6R42 is the
R504 mutant of PBP3 protein in P. aeruginosa. The presence of arginine at
position 504 mutations in PBP3 of P. aeruginosa, particularly R504C,
contribute to B-lactam resistance by altering the active site conformation
and reducing binding affinity [14, 15].

Ceftazidime resistance occurs due to the combination of multiple
resistance mechanisms including the overexpression of [-lactamase
(increasing the hydrolysis of ceftazidime) and efflux pump upregulation
[16]. Azide (-N3) and phenyl carbonyl (-C(O)Ph) substitution in
ceftazidime analogs targeting P. aeruginosa enhances their affinity by
modulating polarity, steric bulk, and charge distribution to evade antibiotic
hydrolysis and efflux, while improving PBP binding [17]. Azide groups
introduce polar, electron-withdrawing moiety with a partial negative charge
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density on terminal nitrogen, which increases solubility and reduces efflux
susceptibility in P. aeruginosa [18]. Phenyloxycarbonyl (Phoc) group acts
as an amine protecting group and activates carbamate. Further, it creates
stable carbamates resistant to acid/neutral conditions through resonance
stabilization [19]. Hence, this can be useful to protect ceftazidime from the
action of P-lactamase. It is hypothesized that the addition of electron-
withdrawing functional groups to the methylpyridinium ring of ceftazidime
would improve binding affinity and electrostatic interactions with the
mutated PBP3 active site.

Bacteria undergo modifications, rendering them resistant to particular
antibiotics. Successive generations of antibiotics, therefore, have improved
their activity against bacteria [20]. This study shows that ceftazidime
engineering by the addition of different functional groups can be a
successful modification. ADMET analysis proves that these modifications
are suitable for use in the body. However, clinical and human testing will
remove the biological uncertainty related to modification. Moreover, further
studies are required to identify functional groups that increase the binding
affinity of antibiotics with corresponding proteins.

2. MATERIALS AND METHODS
2.1. Protein and Ligand Structure Retrieval

3D structures of Y409 mutant of penicillin-binding protein 3 (PBP3)
from P. aeruginosa (PDB ID; 6HR9) and R504 mutant of PBP3 from P.
aeruginosa (PDB ID; 6R42) were retrieved from the Protein Data Bank
(PDB) in PDB format. PDB (https://www.rcsb.org/) is an authentic and
widely used database containing normal and mutated protein structures
along with their description. These structures were selected because of their
structural relevance and are critical for B-lactam binding. Protein structures
were  prepared using  BIOVIA  Discovery  studio 2021
(https://discover.3ds.com/). Water molecules and extra ligands were
removed to avoid non-specific interactions. 3D structure of ceftazidime
(C22H22N60O7S2) was retrieved from PubChem in Structure Data Format
(SDF). PubChem (https://pubchem.ncbi.nlm.nih.gov/) is an online
database containing a wide range of chemical structures in 2-dimensional
(2D) and 3-dimensional (3D) formats. BIOVIA Discovery studio was used
to convert 3D structures into PDB format. 2D structure of ceftazidime was
retrieved in Molfile format from EMBL-EBI (https://www.ebi.ac.uk/).
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2.2. Structural Engineering of Ligand

Ceftazidime is commonly used to treat patients infected with P
aeruginosa, hence it was selected for structural modification. The said
modification = was  carried out using  Chemsketch 2023
((https://www.acdlabs.com/), which is an offline tool used for drawing
chemical structures and the modification of existing structures. Azide group
was at carbon-6 and a phenyl carbonyl group was added at carbon-5 of
ceftazidime.

2.3. Molecular Docking

Normal and modified ceftazidime were docked with 6HR9 and 6R42
(Y409 and R505 mutants, respectively) using AutoDock Vina. AutoDock
Vina (version 1.5.7, https://vina.scripps.edu/) is an offline docking tool used
to observe the ligand interaction with proteins. Docking analysis was
performed to evaluate potential interactions and binding affinities. The grid
box in 6HR9 was set at size x, size y, and size z at -5.69, 20.164, and -2.297,
respectively. For 6R42, it was set at size x, size y, and size zat 6.104,21.201,
and -1.993, respectively. The center of the grid box in all axis was set at 30.
Protein and ligand interaction analysis was performed using PyMOL
(https://pymol.org). The bond length was observed to identify the bonds
formed between the protein and the modified ligands. The bond length
ranging between 2.8 to 3.4 A represents hydrogen bonding, while bond
length ranging between 3.8 to 4.2 A represents Vander waals forces.

2.4. Molecular Dynamic Simulations

IMODS was used for the simulation analysis of the complex formed
after docking. IMODS (https://imods.igft.csic.es/) is an online tool for the
study of individual and cumulative amino acids in the above complex. It
allows for the identification of the interaction of protein with the molecule
and the stiffness of the complex. The docked complexes were uploaded in
PDB format and simulation analysis was conducted using Normal Mode
Analysis (NMA). NMA estimated the eigenvalues and covariance maps.
These results were used to evaluate the behavior of such a modified
antibiotic in the active sites of PBP3 mutants.

2.5. ADMET Analysis of Engineered Ligands

SwissADME (http://www.swissadme.ch/) is an online in silico tool used
to test the feasibility of drugs. SwissADME was used for ADMET analysis
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and preclinical testing of ceftazidime, modified by the addition of azide
group and phenyl carbonyl group. 2D structure of ceftazidime was uploaded
and its drug-like qualities were determined.

3. RESULTS
3.1. Ligand Structure Modification and Interaction Studies

Ceftazidime was successfully modified by the addition of azide group
at carbon-6 of methylpyridinium ring (Figure 1A). Another modification
was done by the addition of phenyl carbonyl group at carbon-5 of
methylpyridinium ring (Figure 1B). Improved bond formations were
observed in the complexes of 6HR9 and 6R42 with modified ceftazidime
(Figure 2). Energy absorption of 6HR9 variant of PBP3 improved from -6.3
to -8.1 kcal/mol by the addition of azide group and upto -7.5 kcal/mol by
the addition of phenyl carbonyl group. Whereas, energy absorption of 6R42
improved from -5.6 to -8.9 kcal/mol by azide group and upto -8.1 kcal/mol
by the addition of phenyl carbonyl group (Table 1).
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Figure 1. Engineered Structure of Ceftazidime. Addition of Azide Group
at Carbon-6 (A). Addition of Phenyloxycarbonyl Group at Carbon-5 (B).

Table 1. Binding affinities after the modification of ceftazidime.

Ligand Ligand Type = 6HR9 6R42
Ceftazidime Normal -6.3 -5.6
Ceftazidime + azide group modified -8.1 -8.9
Ceftazidime + phenyl oxycarbonyl modified -7.5 -8.1
Ceftazidime + nitro group modified -7.1 -7.2
Ceftazidime + tazobactam Conjugate -6.9 -6.5
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The bond interactions of modified ligands with individual proteins were
studied. PyMOL was used for the visualization of protein complexes, along
with the interactions and measurement of bond length. The 6R42 complex
with azide group modification showed 6 hydrogen bonds and 1 Vander
waals force (Figure 2A), while the 6HR9 complex with azide group
modification showed 7 hydrogen bonds (Figure 2B). The 6R42 with
phenyloxycarbonyl modification formed 7 hydrogen bonds (Figure 2C) and
1 Vander waals interaction force, while the 6HR9 with phenyloxycarbonyl
formed 7 hydrogen bonds (Figure 2D).
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Figure 2. Interaction Analysis of 6R42 with Azide Group (A), 6HR9 with
Azide Group (B), 6R42 with Phenyl Carbonyl (C), and 6HR9 with
Phenyloxycarbonyl (D).

3.2. Molecular Dynamic Studies

Covariance is the relationship between individual residues. It shows
whether the residues experience correlated (red), uncorrelated (white), or
anti-correlated (blue) motions. The covariance of residues in 6R42 and
6HR9 complexes, with ceftazidime modified by the addition of azide group
and phenyl carbonyl group, was found to be ideal. Figure 3 shows the
covariance map of different complexes. The map shows the correlation of
amino acids in the protein ligand complexes of mutated proteins with
modified antibiotics.
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Figure 3. Covariance map of 6R42 with azide group (A), 6HR9 with azide
group (B), 6R42 with phenyl carbonyl (C), and 6HR9 with phenyl
carbonyl (D).
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Eigen values represent the mobility of individual residues. The ideal
eigen value for a complex should be above 1. Its value is directly related to
the energy required to deform the structure. The lower the eigenvalue, the
easier the deformation. Eigenvalue of 6R42 and 6HR9 complexes, with
ceftazidime modified by the addition of azide group and phenyl carbonyl
group, was above 1 in all four complexes. Figure 4 represents the
eigenvalues of individual complexes.

3.3. ADMET Analysis

ADMET analysis shows the feasibility of the drug to treat pseudomonal
infections. The preclinical testing of modified ceftazidime was done to
verify the solubility of the drug and its interaction with other body tissues.
ADMET analysis allows for the prediction of the properties and toxicity of
the drug. ADMET analysis of ceftazidime modified with azide group and
phenyloxycarbonyl group showed that the addition of the functional group
did not transform the drug into a toxic metabolite. Modified drugs do not
cross the skin and the blood-brain-barrier (BBB), which reduces the
probability of possible side effects. The results of ADMET analysis
confirmed that the drug containing the azide group and phenyl carbonyl
functional group is not an inhibitor of cytochromes. Moreover, the
lipophilicity of the drug is optimum according to the Lipinski’s rule of 5.
Table 2 shows the results obtained from ADMET analysis. The compounds
were observed to have a better synthetic accessibility.

Table 2. ADMET Analysis
- Cytochrome BBB Gl . ..
Drug Nature Solubility ‘nhibitor permeant _absorption Lipophylicity

Ceftazidime Original Soluble NO NO Low Optimum
Ceftazidime
+ azide Modified  Soluble NO NO Low Optimum
group
Ceftazidime
* phenyl modified Soluble NO NO Low Optimum
carbonyl
group

4. DISCUSSION

P. aeruginosa causes severe infections and is treated by various classes
of antibiotics. Ceftazidime is one of the common antibiotics used for the
treatment of infections caused by P aeruginosa [21]. Ceftazidime, a
commonly used B-lactam, interacts with Penicillin Binding Protein 3 or

UMT— 49

Department of Knowledge and Research Support Services r@k‘
Volume 5 Issue 2, Fall 2025 b




Enhancement of the Ceftazidime Efficacy...

PBP3, thus interfering with the growth of the organism [DB00438].
Bacteria have become resistant towards particular antibiotics due to
different reasons. The modification of ceftazidime by the addition of
functional groups aims to improve the binding affinity of the drug in order
to improve its efficacy. When the ligand interacts with the receptor protein,
bond formation results in the release of energy which is measured in the
form of its binding affinity [22, 23].

In this study, ceftazidime interactions were investigated against the
mutated PBP3 protein through docking which showed its decreased binding
affinity. Poor binding affinity represents poor interaction between the ligand
and the receptor, hence reduced efficacy. The modification of ligand
through the addition of effective functional groups has been a useful
approach for improved treatment strategies [24]. Hence, ceftazidime was
modified by the addition of azide group at carbon-6 and phenyloxycarbonyl
group at carbon-5 of methylpridinium ring (Figure 1). The study was
performed by investigating the effect of the modification of the antibiotic
on two mutant PBP3, namely Y409 (PDB ID: 6HR9) and R504 (PDB ID:
6R42) (Table 1).

Multiple modifications were done by the addition of functional groups
including nitro group, azide group, phenyloxycarbonyl group, and
conjugation of ceftazidime and tazobactam. Docking analysis indicated that
the addition of azide and phenyloxycarbonyl group improved the interaction
between ceftazidime and receptor. Azide group is a stable high-energy
functional group and has been previously used for the modification of ligand
structures for improved results [25].

IMODS analysis of the modified ceftazidime was performed for
simulation analysis. The analysis confirmed that the movements of most
amino acids in modified ceftazidime-PBP3 complex are correlated, as
represented in the red region of Figure 3. The better correlation of amino
acids indicates that the ligand is an appropriate drug to target the desired
mutated protein [26]. Simulation analysis validated the conjugates formed
after the modification of the drug, while high eigenvalues ensured the
stability of the conjugates as a high amount of energy is required to deform
the complexes [24]. An increased energy requirement for the deformability
of the complexes ensures the stability of the modified antibiotics [27].

ADMET analysis of modified ceftazidime showed that it is water-
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soluble, validating it as an appropriate candidate for treatment. The
lipophilicity of the modified drug is also optimum, indicating better
membrane permeability and absorption. Drug absorption in GI tract should
be low in order to reduce the accumulation of the drug in the body, which
can cause toxicity. The drug should not be permeant to the blood-brain-
barrier (BBB) because it can lead towards adverse effects including tumor
cell growth [28]. If the drug crosses the BBB, it affects the central nervous
system which can lead towards possible side effects. ADMET analysis of
modified ceftazidime indicated low GI absorption and no BBB permeation,
which makes it a suitable candidate for the treatment of P. aeruginosa
infection. ADMET analysis also validated that the modified drug is not an
inhibitor of cytochromes. Cytochromes play an important role in the body
as they are key factors in electron transport chain and cell cycle regulation
[29].

This in silico study showed that the modification of commonly used
ceftazidime by the addition of azide group and phenyloxycarbonyl can
improve the treatment of patients. Since, the modified drug has better
synthetic accessibility, the production cost for chemical synthesis can be
readily reduced while increasing its efficacy. However, the results of this
study need to be validated by moving towards preclinical testing on mouse
models to assess the risks. The study can also be extended by investigating
the effects of other functional groups on ceftazidime against mutated
protein.

4.1. Conclusion

The modification of ceftazidime by the addition of azide and phenyl
carbonyl groups showed an effective response against P. aeruginosa. The
engineering of ceftazidime improved the absorption of energy by the Y409
mutant of PBP3 from P. aeruginosa (6HR9) and R504 mutant of PBP3 from
P. aeruginosa (6R42). It was observed that ceftazidime could serve as an
effective candidate for the treatment of infections caused by stronger and
resistant P. aeruginosa. However, preclinical and clinical trials are required
before making it available for human use. Further studies are also required
to improve the efficiency of the antibiotic through the identification of
functional groups, which increases the binding affinity of antibiotics with
their corresponding proteins.

Department of Knowledge and Research Support Services r@k‘
Volume 5 Issue 2, Fall 2025 b

UMT— 51



Enhancement of the Ceftazidime Efficacy...

Author Contribution

Muhammad Aqib Shabbir: conceptualization, investigation, supervision. Emmania Abid: formal
analysis, software. Laiba Tanveer: formal analysis, software. Mahnoor Absar: visualization,
writing - original draft. Mahnoor Tariq: visualization, writing - original draft. Areesha Alvi: writing
—review & editing.

Conflict of Interest

The authors of the manuscript have no financial or non-financial conflict of interest in the subject
matter or materials discussed in this manuscript.

Data Availability Statement

Data supporting the findings of this study will be made available by the corresponding author upon
request.

Funding Details
No funding has been received for this research.
Generative Al Disclosure Statement

The authors did not use any type of generative artificial intelligence software for this research.

REFERENCES

1. Denissen J, Reyneke B, Waso-Reyneke M, et al. Prevalence of
ESKAPE pathogens in the environment: antibiotic resistance status,
community-acquired infection and risk to human health. Int J Hyg
Environ Health. 2022;244:¢114006.
https://doi.org/10.1016/j.ijheh.2022.114006

2. Urganct NN, Yilmaz N, Alasalvar GK, Yildirnm Z. Pseudomonas
aeruginosa and its pathogenicity. Turk J Agric Food Sci Technol.
2022;10(4):726-738. https://doi.org/10.24925/turjaf.v10i4.726-
738.4986

3. Rather MA. 4 Study on Inhibition of Biofilm and Virulence Factors of
Pseudomonas Aeruginosa and Candida Albicans Using Selected
Ethnomedicinal Plants of North East India [dissertation]. Tezpur
University; 2023.

4. Saied WI, Mourvillier B, Cohen Y, et al. A comparison of the mortality
risk associated with ventilator-acquired bacterial pneumonia and
nonventilator ICU-acquired bacterial pneumonia. Crit Care Med.
2019;47(3):345-352. https://doi.org/10.1097/CCM.0000000000003553

5. Alshammari MK, Alotaibi MA, AlOtaibi AS, et al. Prevalence and
etiology of community- and hospital-acquired pneumonia in Saudi

Current Trends in OMICS
OMICS Volume 5 Issue 2, Fall 2025

52—


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1016/j.ijheh.2022.114006
https://doi.org/10.24925/turjaf.v10i4.726-738.4986
https://doi.org/10.24925/turjaf.v10i4.726-738.4986
https://doi.org/10.1097/CCM.0000000000003553

Shabbir et al.

10.

11.

12.

13.

14.

Department of Knowledge and Research Support Services 'Aak'
AL

Arabia and their antimicrobial susceptibility patterns: a systematic
review. Medicina (Kaunas). 2023;59(4):e760.
https://doi.org/10.3390/medicina59040760

Szabo S, Feier B, Capatina D, Tertis M, Cristea C, Popa A. An overview
of healthcare associated infections and their detection methods caused
by pathogen bacteria in Romania and Europe. J Clin Med.
2022;11(11):e3204. https://doi.org/10.3390/jcm11113204

Biscione A, Corrado G, Quagliozzi L, et al. Healthcare associated
infections in gynecologic oncology: clinical and economic impact. /nt J
Gynecol Cancer. 2023;33(2):278-284. https://doi.org/10.1136/ijgc-
2022-003847

Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic resistant

Pseudomonas aeruginosa in intensive care unit: a critical review. Genes
Dis. 2019;6(2):109-119. https://doi.org/10.1016/j.gendis.2019.04.001

Karruli A, Catalini C, D’Amore C, et al. Evidence-based treatment of
Pseudomonas aeruginosa infections: a critical reappraisal. Antibiotics
(Basel). 2023;12(2):€399. https://doi.org/10.3390/antibiotics 12020399

Al-Haideri HH. B-Lactam antibiotic induces the expression of blaOXA-
51-like and blaOXA-23 in clinically isolated Acinetobacter baumannii
and Acinetobacter lowffii. In: Elrefaei AHA, ed., Recent Progress in
Microbiology and Biotechnology. Book Publisher International;
2020:13-30.

Abdullah S. Study the Antibacterial Effects of Silver Nanoparticles on
Gene Expression of Some Resistant Genes Among Multidrug Resistant
Bacteria [dissertation]. College of Veterinary Medicine; 2021.

Bashawri YMA. Understanding the Role of Wastewater in the Spread
of Antibiotic Resistant Bacteria [dissertation]. Bangor University; 2019.

Wang Y, Wang J, Wang R, Cai Y. Resistance to ceftazidime—avibactam
and underlying mechanisms. J Glob Antimicrob Resist. 2020;22:18-27.
https://doi.org/10.1016/].jgar.2019.12.009

Glen KA, Lamont IL. Penicillin-binding protein 3 sequence variations
reduce susceptibility of Pseudomonas aeruginosa to B-lactams but
inhibit cell division. J Antimicrob Chemother. 2024;79(9):2170-2178.
https://doi.org/10.1093/jac/dkae203

UMT— s3

Volume 5 Issue 2, Fall 2025


https://doi.org/10.3390/medicina59040760
https://doi.org/10.3390/jcm11113204
https://doi.org/10.1136/ijgc-2022-003847
https://doi.org/10.1136/ijgc-2022-003847
https://doi.org/10.1016/j.gendis.2019.04.001
https://doi.org/10.3390/antibiotics12020399
https://doi.org/10.1016/j.jgar.2019.12.009
https://doi.org/10.1093/jac/dkae203

Enhancement of the Ceftazidime Efficacy...

15.

16.

17.

18.

19.

20.

21.

22.

23.

54—

Yano H, Nakata N, Yahara K, Sugai M, Sato Y. Specific variants in ftsl
reduce carbapenem susceptibility in Pseudomonas aeruginosa.
Microbiol Spectr. 2025;13(8):¢01027-25.
https://doi.org/10.1128/spectrum.01027-25

Ramsay KA, Rehman A, Wardel A, et al. Ceftazidime resistance in
Pseudomonas aeruginosa is multigenic and complex. PLoS One.
2023;18(5):¢0285856. https://doi.org/10.1371/journal.pone.0285856

He L, Zhai L, Sun J, et al. Substituted-amidine functionalized
monocyclic B-lactams: synthesis and in vitro antibacterial profile. J
Chem. 2021;2021:€9955206. https://doi.org/10.1155/2021/9955206

Chen PC, Wharton RE, Patel PA, Oyelere AK. Direct diazo-transfer
reaction on B-lactam: synthesis and preliminary biological activities of
6-triazolylpenicillanic acids. Bioorg Med Chem. 2007;15(23):7288-
7300. https://doi.org/10.1016/;.bmc.2007.08.035

Huguenot F, Vidal M. Phenyloxycarbonyl (Phoc) carbamate:
chemioselective reactivity and tetra-n-butylammonium fluoride
deprotection  study. ACS Omega. 2022;7(49):44861-44868.
https://doi.org/10.1021/acsomega.2c04979

Bui BTS, Auroy T, Haupt K. Fighting antibiotic-resistant bacteria:
promising strategies orchestrated by molecularly imprinted polymers.
Angew Chem Int Ed. 2022;61(8):¢202106493.
https://doi.org/10.1002/anie.202106493

Santi I, Manfredi P, Maffei E, Egli A, Jenal U. Evolution of antibiotic
tolerance shapes resistance development in chronic Pseudomonas
aeruginosa infections. mBio. 2021;12(1):e03482-20.
https://doi.org/10.1128/mbio.03482-20

Al-Khikani FH, Ayit AS. Pseudomonas aeruginosa a tenacious
uropathogen: increasing challenges and few solutions. Biomed
Biotechnol Res J. 2022;6(3):311-318.
https://doi.org/10.4103/bbrj.bbrj_256 21

Naveed M, Ain N, Aziz T, et al. Revolutionizing treatment for toxic
shock syndrome with engineered super chromones to combat antibiotic-
resistant  Staphylococcus aureus. Eur Rev Med Pharmacol Sci.

2023;27(11):5301-5309.

Current Trends in OMICS
OMICS Volume 5 Issue 2, Fall 2025



https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1128/spectrum.01027-25
https://doi.org/10.1371/journal.pone.0285856
https://doi.org/10.1155/2021/9955206
https://doi.org/10.1016/j.bmc.2007.08.035
https://doi.org/10.1021/acsomega.2c04979
https://doi.org/10.1002/anie.202106493
https://doi.org/10.1128/mbio.03482-20
https://doi.org/10.4103/bbrj.bbrj_256_21

Shabbir et al.

24.

25.

26.

27.
28.

29.

Department of Knowledge and Research Support Services 'Aak'
AL

Tanveer L, Batool S, Mubeen H, et al. Enhancing the therapeutic
potential of FDA-approved ifosfamide and 5-fluorouracil through
rational chemical modifications for endometrial cancer treatment. Med
Oncol. 2025;42(8):e281. https://doi.org/10.1007/s12032-025-02821-2

Phetsang W, Blaskovich MA, Butler MS, et al. An azido-oxazolidinone
antibiotic for live bacterial cell imaging and generation of antibiotic
variants. Bioorg Med Chem. 2014;22(16):4490-4498.
https://doi.org/10.1016/].bmc.2014.05.054

Naveed M, Tehreem S, Arshad S, et al. Design of a novel multiple
epitope-based vaccine: an immunoinformatics approach to combat
SARS-CoV-2 strains. J Infect Public Health. 2021;14(7):938-946.
https://doi.org/10.1016/].jiph.2021.04.010

Akbarian M, Chen SH. Instability challenges and stabilization strategies
of pharmaceutical proteins. Pharmaceutics. 2022;14(11):e2533.
https://doi.org/10.3390/pharmaceutics 14112533

Naveed M, Ali I, Aziz T, et al. Halogens engineering-based design of
agonists for boosting expression of frataxin protein in Friedreich's
ataxia. Eur Rev Med Pharmacol Sci. 2023;27(15):6972-6984.

Naveed M, Ain NU, Aziz T, et al. Side chain inset of neurogenerative
amino acids to metalloproteins: a therapeutic signature for huntingtin
protein in Huntington’s disease. Eur Rev Med Pharmacol Sci.
2023;27(14):6831-6842.

UMT— 55

Volume 5 Issue 2, Fall 2025


https://doi.org/10.1007/s12032-025-02821-2
https://doi.org/10.1016/j.bmc.2014.05.054
https://doi.org/10.1016/j.jiph.2021.04.010
https://doi.org/10.3390/pharmaceutics14112533

	CTO 5-2-3 md
	3_8163-Formatted

