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DNA polymerases are crucial components of the complex cellular machinery for replicating and repairing DNA. Understanding the mechanistic pathways of DNA synthesis and repair at the atomic level has immense biomedical implications concerning many therapeutic conditions, including various cancers, neurological aberrations and premature aging. DNA polymerase  represents an excellent model system to investigate polymerase mechanisms. In this work, we present energetically favourable pathways of the polymerase-catalyzed phosphoryl transfer reaction for correct dCTP versus incorrect dGTP incoming nucleotide opposite a template G, using constrained energy minimizations involving mixed quantum mechanics/molecular mechanics simulations.  Several low-energy phosphoryl transfer reaction pathways are identified comprising a series of transient intermediates involving proton transfer between water molecules, conserved aspartate residues and the phosphate group of the incoming nucleotide in the pol  active site. The rate limiting step for both the correct and incorrect nucleotide cases corresponds to initial deprotonation of the terminal DNA primer O3’H group in concert with nucleophilic attack at the phosphate centre. The calculated activation energies correspond well to measured rate constant values. This work offers important insights into fidelity discrimination in DNA polymerase  and the approach adopted may provide a framework for explaining nucleotide specificity differences between distinct polymerase families.

