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 Background: The increasing spread of Plasmodium falciparum resistance to current antimalarials, 

including the frontline artemisinin and its derivatives, represents a major global threat to human health 

and urges the development of novel medicaments. For many years, proteasomal inhibition by specific 

chemical compounds has been considered for use in medicine. Using cryo-electron microscopy (cryo-

EM), we previously demonstrated functional and structural differences between the human and the 

Plasmodium proteasomes that are sufficient to allow specific inhibition, particularly by the vinyl sulfone 

compound WLW-vs (H. Li, et al. Nature 530(7589): 233-236 2016). However, a detailed description of 

the molecular basis for the parasite proteasome specific targeting is still missing.  

 Methods and Results: Here we present a structural cryo-EM analysis of the Plasmodium 20S 

proteasome in the presence of the novel EY-3-123 Plasmodium proteasome inhibitor (compound 21 in E. 

Yoo, et al. J. Am. Chem. Soc. 140, 36, 11424-11437 (2018)). This compound has been shown to be the 

most potent Plasmodium specific inhibitor within a library of novel vinyl-sulfone compounds. Single-

particle analysis of this sample by extensive image classification allowed solving two high resolution 

proteasome structures, at about 3 Å, corresponding to Plasmodium and human complexes with inhibitor 

bound. Direct comparison of the active sites in these proteasome structures reveals the molecular basis for 

the Plasmodium proteasome specific inhibition.  

 Conclusion: The new structural information can be directly used for further development of 

proteasome inhibitors as potential antimalarials. This work demonstrates the high potential of cryo-EM in 

modern structure-based drug design.  
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