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S C I E N T I F I C   S E M I N A R

Enzymes are essential for supporting life by accelerating chemical reactions in a biologically 
compatible timescale. These remarkable catalysts possess unique features like high specificity and 
selectivity, and they function under mild biological conditions. These extraordinary characteristics 
make the design of enzymes for industrially relevant targets highly appealing. Enzymes exist as an 
ensemble of conformational states, and the populations of these states can be altered through 
substrate binding, allosteric interactions, and even by introducing mutations into their sequence. 
These conformational states can be altered through mutations, which facilitates the evolution of 
enzymes towards acquiring novel activities.[1] Interestingly, many laboratory-evolved enzymes 
exhibit a common pattern—a significant impact on the catalytic activity is often observed due to 
remote mutations located distal from the catalytic center.[2] Similar to allosterically regulated 
enzymes, distal mutations play a role in regulating enzyme activity by stabilizing pre-existing 
conformational states that are crucial for catalysis. In this talk, the rational approaches we have 
developed for enzyme design along the years will be discussed. These approaches rely on inter-
residue correlations derived from microsecond time-scale Molecular Dynamics (MD) simulations, 
enhanced sampling techniques, and more recently, the incorporation of AlphaFold2 predictions.[1-
4] Over the years, our research on various enzyme systems has provided compelling evidence that 
the current challenge of predicting distal active sites to enhance functionality in computational 
enzyme design can ultimately be addressed.[3] 
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