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ABSTRACT

Drug discovery is a multiphase and costly process that sits at the intersection of multiple disciplines,
each presenting distinct challenges. These challenges are particularly pronounced in antibacterial drug
discovery, where pathogens across the three major clinically relevant bacterial classes (Gram-positive, Gram-
negative, and mycobacteria) have evolved sophisticated defense mechanisms against antimicrobial agents. The
incidence of multidrug resistance has increased substantially over the past two decades, driven in part by
widespread and inappropriate antibacterial use. This challenge is further exacerbated by the limited success in
developing new classes of antibacterial agents, resulting in a weakened discovery pipeline.

This work aims to address key challenges encountered at three distinct stages of early antibacterial drug
discovery. To improve hit identification in target-based discovery for Gram-negative bacteria, an efficient high-
throughput assay was developed to quantify intrabacterial drug accumulation and metabolism. Molecular
dynamics simulations were then applied during lead optimization of rifabutin analogs to better understand
ligand-receptor interactions and guide attenuation of CYP-mediated drug-drug interactions. Finally, a target-
based screening approach identified a novel Mycobacterium tuberculosis KasA inhibitor that binds to a
previously uncharacterized site at the entrance of the malonyl binding pocket, revealing a region of mechanistic
significance and providing a foundation for future inhibitor design.
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