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Enzyme is a powerful catalyst with highly substrate specificity. The utilization of enzymes as 
green and sustainable biocatalysts is applied for pharmaceutical and industrial. Research has focused on 
the study of mechanism of enzyme-catalyzed reaction, protein stability and protein engineering. We 
have been studied 3-hydroxysteroid dehydrogenase/carbonyl reductase (3 α -HSD/CR) catalyzed 
reaction to elucidate the catalytic mechanisms and the structural conformational changes related to 
substrate specificity and catalysis and its application in protein engineering for enhancing the thermal 
stability, substrate variety, and developing a non-canonical redox cofactor system. To elucidate the 
mechanism of enzyme-catalyzed reaction, the functional groups involved in the ligand binding and 
catalysis are characterized. Based on the sequence alignment and crystal structure, the groups involved 
in the catalysis are mutated through site-directed mutagenesis, and characterized through the steady-
state kinetic studies, kinetic and solvent isotope effect studies, pH studies and the use of spectroscopic 
probes such as fluorescence, circular dichroism.  

3α-HSD/CR from Comamonas testosteroni belonging to short chain dehydrogenase/reductase 
(SDR) superfamily catalyzes the stereospecific oxidoreductive reaction of androsterone with NAD+ to 
form androstanedione and NADH. The functions of HSDs are involved in the biosynthesis of steroid 
hormones as well as the detoxification of xenobiotic carbonyl compounds. The kinetic mechanism of 
3-HSD/CR is ordered bi bi with NAD+ bound first and NADH released last with the rate-limiting step 
on the release of NADH. 3-HSD/CR utilizes the acid-base catalysis with Y155 acted as a general base 
and proton shuttle through the proton relay system involving the Y155, 2’-OH of the nicotinamide 
ribose, K159 and N86 to the bulk solvent for facilitating the reaction. The substrate binding loop is 
unresolved. Molecular modeling shown the unresolved substrate-binding loop forms the helix-turn-
helix when androsterone is bound, suggesting the conformational changes of loop may participate in 
enzyme catalysis. Meanwhile, the remote binding energy contributed to the enzyme catalysis. We 
elucidated that the remote non-reacted sites of androsterone induces the conformational change of the 
substrate binding loop with slight entropy cost for better interaction with transition state to decrease the 
activation of enthalpy, resulting in significant increases in kcat/Km.  

Meanwhile, the platform is setup for evaluating the protein stability by differential scanning 
fluorimetry (DSF). The protein stability as a function of pH, denaturants and temperature are 
characterized by intrinsic fluorescence and DSF measurements.  

We then perform the rational design of protein engineering of 3α-HSD/CR based on the 
structure and catalytic mechanism for developing a non-canonical redox cofactor system. 
Oxidoreductases are the largest group of enzymes in the Enzyme Commission number. We 
demonstrated that A70K mutant switch the cofactor specificity from NAD+ toward nicotinamide 
mononucleotide (NMN+) by 105-fold. However, the disadvantages of A70K mutant are low catalytic 
efficiency for NMN+ and less stable than wild-type enzyme. Meanwhile, I112K mutant significantly 
increases the thermal stability but no activity when acting on NMN+.  
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