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Abstract: Certain Actinobacteria and Proteobacteria have the rare ability to catabolize eukaryotic 

steroids. The linear steroid side chain is catabolized via a mechanism analogous to fatty acid β-oxidation, 

where repeated reaction cycles shorten the side chain by two-three carbon atoms. These organisms have 

significant biotechnology applications including pharmaceutical synthesis and bioremediation. 

 

Steroid degradation gene clusters in various Actinobacteria encode multiple enoyl-CoA hydratases that 

catalyze the hydration of enoyl-CoA esters during side chain catabolism. Steady state kinetic parameters 

of enzymes from Mycobacterium tuberculosis, Rhodococcus jostii RHA1, and Thermomonospora 

curvata towards steroid substrates indicate they exhibit distinct side chain length specificity, suggesting 

the hydration reaction in each β-oxidation cycle is catalyzed by distinct enzymes. 

 

Steroid degrading proteobacteria encode a distinct MaoC hydratase: Steroid HYdratase (Shy). Steady state 

kinetic parameters of Shy from Comamonas testosteroni indicate it efficiently hydrates C5 steroid side 

chains. The structure of Shy was determined via X-ray crystallography, revealing a homodimer of MaoC 

hydratase domains with two active sites. The substrate binding mode of Shy was further elucidated via 

modelling and mutagenesis studies. This differs from the actinobacterial hydratases which lose one active 

site to accommodate bulky steroid substrates. 

 

In Actinobacteria the hydrated C5 side chain is subsequently oxidized by a 3-hydroxyacyl-coenzyme A 

dehydrogenase. Steady state kinetic assays and mass spectrometry analysis of ChsB1 from M. 

tuberculosis and Hsd4A from T. curvata revealed that these enzymes are oxidoreductases that catalyze 



the oxidation of the hydrated steroid side chains, while also exhibiting secondary 17-hydroxy steroid 

dehydrogenase activity. 
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