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Abstract: New therapeutics are urgently needed to combat Gram-negative pathogens such as 
Escherichia coli, yet antibiotic development has been significantly hindered due to intrinsic antimicrobial 
resistance elements such as efflux pumps. E. coli harbours 35 known or putative efflux pumps, many of 
which confer antimicrobial resistance. However, the physicochemical properties and molecular 
descriptors that govern efflux are poorly understood due to the complexity of the efflux network and the 
lack of suitable genetic background. The overarching goal of this thesis was to develop genomic tools to 
better understand efflux pump activity. First, the conservation of efflux-encoding genes in the E. coli core 
genome was assessed to provide insight into the evolution and phylogenetic relationships of these proteins. 
Next, an efflux deficient mutant devoid of 35 efflux-encoding genes was generated, Efflux KnockOut-35 
(EKO-352.0), forming the basis of a genetic platform to introduce isolated efflux pumps and delineate their 
activity. The E. coli Efflux Platform was profiled against a curated and diverse compound collection to 
characterize the substrate profiles of drug efflux pumps and determine the physicochemical properties that 
govern compound transport in E. coli. A machine learning model was developed to define trends in the 
efflux-susceptible chemical space, identifying key molecular descriptors that differentiate efflux-
susceptible and avoidant molecules. Lastly, the E. coli Efflux Platform was used to investigate novel 
physiological functions of efflux pumps, identifying efflux pump-encoding genes that contribute to acidic 
pH homeostasis. Overall, this research provides invaluable genomic and bioinformatic tools to enable the 
development of efflux-avoidant antimicrobials, enhances fundamental knowledge of these resistance 
elements, and guides efforts to overcome intrinsic resistance. 
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