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Abstract of Thesis

In the quest to develop potent antimicrobial agents, cyclic antimicrobial peptides have garnered
significant attention owing to their unique structural features and robust activity against
drug-resistant pathogens. This study presents a comprehensive molecular dynamics (MD)
simulation analysis of two antimicrobial cyclotetrapeptides, c-PKAI and c-PKF]I, along with their
rhamnose-conjugated derivatives, to elucidate their interaction mechanisms with lipid bilayer
membranes and to validate the force fields for general organic molecules used in these
simulations with Amber24. The first chapter focuses on the interactions of ¢-PKAI and c-PKFI
with bacterial-mimicking (POPG) and mammalian-mimicking (POPC) lipid bilayers. The
simulations revealed differential interaction dynamics, with c-PKFI demonstrating superior
membrane penetration and stability across both lipid bilayers, resulting in poor selectivity. In
contrast, c-PKAI exhibits good membrane-penetrating selectivity towards the POPG lipid bilayer.
Detailed statistical and dynamical analyses provide insights into the peptides' selective
interactions with bacterial membranes at the amino acid residue level, which is crucial for their
antimicrobial efficacy. The second part of the study investigated the antibody-recruiting potential
of six new molecules derived from c-PKAI and c-PKFI, conjugated with rhamnose via
polyethylene glycol (PEG) linkers of two lengths (n = 4 and n = 8), using molecular dynamics
simulations against POPG and POPC lipid bilayers. This conjugation enables the peptides to
penetrate the membrane while keeping the rhamnose moiety externally accessible for recognition
by anti-rhamnose antibodies, facilitating microbial cell clearance through an immune response.
Notably, longer PEG linkers enhance the presentation of rhamnose via metabolic labelling,
provided that the conformation does not sterically hinder peptide-membrane interactions, as
observed in one of the three molecules with the longer PEG length. One molecule demonstrated
favorable rhamnose presentation and selective interaction with the POPG lipid bilayer,
suggesting its significant antibody-recruiting potential for antimicrobial therapy.

The final part of this study evaluated the GAFF and GAFF2 force fields for PEG, utilizing a
PEG-200 polydisperse mixture as an example to compare the experimental thermodynamic
properties. The results indicate that GAFF2 outperforms GAFF, offering a more accurate potential
energy surface (PES) and structural dynamics for PEG-200, as well as improved predictions of the
rotational energy barriers. MD simulations revealed that GAFF2 shows lower structural
deviations than quantum mechanical simulations, validated through extended (10 ns)
semi-empirical molecular dynamics simulations. Furthermore, GAFF2 accurately predicted the
density of PEG-200 with less than 3% error and provided reasonable diffusion constant
predictions despite some temperature-specific inaccuracies. In contrast, GAFF was unable to
calculate the thermodynamic properties of PEG-200 due to failures in velocity calculations during
the simulations. Nevertheless, neither GAFF nor GAFF2 fully captures PEG behavior, indicating
a need for automated parameter optimization and machine learning refinement, particularly
focusing on the O-C-C-O dihedral angle parameter. These findings are likely to be applicable to
other PEG-200 compositions, enhancing the generalizability of this research.
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