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Abstract

Bacterial infections continue to pose significant challenges to public healt ds ¢
causing massive alarm, prompting increased interest in alternative strategies for microbial
control. Among the most promising candidates are metallic and metallic oxide nanoparticles
(NPs), which exhibit diverse antibacterial mechanisms and hold considerable potential for
addressing these challenges.

This thesis combines computational modelling, virtual screening, and experimental
approaches to investigate the antimicrobial and antivirulence activities of metallic
nanoparticles and phytochemicals targeting quorum sensing (QS) systems in Pseudomonas
aeruginosa and other clinically relevant bacteria. The first part of this work examines metal
and metal oxide nanoparticles, including AgNPs, ZnONPs and CuONPs, and their
interactions with QS regulatory proteins in P. aeruginosa. Molecular docking and
complementary bioinformatics analyses showed that these nanoparticles interact favourably
with key QS enzymes and transcriptional regulators (Lasl/R, RhllI/R and PgsA/R). ZnO
nanoparticles displayed particularly strong binding profiles toward several targets, suggesting
their capacity to interfere with signal synthesis and QS-controlled processes involved in
virulence and biofilm formation.

The second part employed virtual screening to identify natural compounds with strong
anti-QS activity. A curated library of 186 molecules from the Stachys genus was screened
against the six major QS proteins of P. aeruginosa. Ten molecules demonstrated favourable
ADMET properties and strong docking affinities, with chrysosplenetin, 5-demethoxyflavone,
syringic acid, and a methoxylated flavone emerging as the most promising candidates for QS
disruption. These results highlight new natural scaffolds for the development of antivirulence
agents. The final part of the thesis explores the synthesis and antibacterial evaluation of
graphene  oxide-silver  nanocomposites  functionalized with PDDA. Extensive
physicochemical characterization confirmed successful functionalization and improved
stability.

Biological assays revealed that PDDA contributes directly to antibacterial
performance, particularly against Staphylococcus aureus. This selective effect was further
supported by molecular docking, which demonstrated stronger interaction of PDDA with the
QS regulator AgrA of S. aureus compared to LsrR of E. coli. Altogether, this work provides a
comprehensive evaluation of metallic nanoparticles, natural compounds and hybrid materials
in the framework of bacterial communication and virulence. The combined findings from
experimental and computational analyses support the exploration of alternative antimicrobial
strategies and identify molecular targets that may inform future therapeutic development.
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