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To understand energetic origin of product specificity for protein lysine methyltransferases (PKMTs), the free energy profiles are obtained from quantum mechanical/molecular mechanical (QM/MM) potential of mean force simulations for SET8 and other systems. It is found that the free energy barriers for the three methyl transfers can be correlated with experimentally observed product specificity. Molecular dynamics (MD) simulations are also performed on the reactant complexes of the methyl transfers and the correlations between the formation of the reactive conformations and product specificity are observed as well. The role of an active-site water molecule that is believed to inhibit lysine multiple methylationis is also examined. The results of the simulations from this work suggest that the relative free energy barriers as well as the structural information obtained from MD simulations may be used in the prediction of how the epigenetic marks of lysine methylation are written by the enzyme in the regulation of chromatin structure and gene expression.
