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Introduction: Phenotypic screening has provided many starting points for antimicrobial drug discovery, providing over 30,000 compounds for the malaria drug discovery pipeline. However, further progression of these hits is limited by a lack of understanding about the targets responsible for the antiparasitic activity. Several chemoproteomic approaches have recently been described that allow unbiased discovery of drug targets from a whole cellular proteome. 
Aims: We aim to establish a suite of chemoproteomic methods to assist with drug target identification, and apply these to identify new drug targets in malaria parasites. 
Methods: Label-free chemoproteomics methods were established based on proteolytic, thermal and solvent-based protein stability, which allow detection of differential stability of target proteins due to ligand binding when the test compound is added to a whole cell protein extract. Label-based approaches using click-chemistry, photoactivatable linkers and halo-tag biotinylation were also established. Proteomics analysis utilised DIA-based LC-MS with Orbitrap and Astral mass analysers.
Results: The label-free methods were validated using the current antimalarial drug, pyrimethamine, which selectively stabilised its known target, DHFR-TS. These methods were then applied to a range of novel aminopeptidase inhibitors, and successfully differentiated inhibitors that targeted M1 aminopeptidase, M17 aminopeptidase or both M1 and M17. These findings were independently confirmed by metabolomics-based peptide fingerprinting of treated parasites, and biochemical enzyme assays on purified aminopeptidase enzymes. The label-based target enrichment method was applied to a novel series of aminobenzimidazole antimalarials, and identified a novel target, exportin 1, which was independently confirmed by in vitro resistance evolution. 
Discussion: Chemoproteomic approaches allow unbiased detection of drug targets for novel bioactive compounds. In addition to the confirmed drug targets identified using these methods, other potential targets were often observed, suggesting a combination of untargeted approaches, followed by targeted validation studies, are required to confirm specific drug targets responsible for activity. These approaches will significantly enhance the ongoing discovery of new medicines for malaria, and can be applied more broadly to identify new drug targets for other diseases.
