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By definition, an enzyme is a selective catalyst capable of differentiate between different substrates and speed up the rate of a particular chemical reaction. However, many natural enzymes are found to display substrate, catalytic, or product promiscuity. This means that the enzyme can accept structurally distinct substrates but catalyzes the same chemical reaction, can accept different substrates and catalyzes different overall reactions, or the enzyme can accept a single substrate and uses similar chemical mechanisms to catalyze the formation of different products, respectively. Chemists can make use of these features as starting point in order to design new biological catalysts capable of increase the rate constant of the chemical reaction. 

The methods and techniques of Computational Chemistry have become a promising complementary tool to design biological catalysts. We here present an efficient strategy based on Molecular Dynamic simulations that, using hybrid quantum mechanics and molecular mechanics (QM/MM) methods, allows obtaining the TS of the chemical reaction in the presence of the protein environment [1]. All the specific substrate-protein interactions that are established in the active site of the enzyme can be analyzed, both at the Michaelis complex and at the enzymatic TS. The knowledge of this pattern of interactions will provide clues to decide which residues of the active site of a protein should be replaced to better stabilize the TS relative to the Michaelis complex, which would presumably enhance the rate constant of the chemical step of a full catalytic process.[10-12] The free energy profile can be then traced from reactants to products, via the corresponding TS, rending theoretical predicted barriers comparable with experimental data and allowing testing directed mutations. 
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