Correction of force field for drug-like molecules using property map collective variable
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The accuracy of molecular simulations depends on an empirical molecular mechanics potential known as a force field. While force fields designed for proteins or nucleic acids are considered accurate, force fields for drug-like molecules still need many improvements. Here, we present a novel approach for force field correction tailored to a general drug-like compound. Using property map collective variable, it is possible to approximate a certain conformationally dependent property by a weighted average of this property for a series of representative landmark structures. As a value of property we have chosen the difference between potential energies of selected conformers calculated by accurate (force field) and inaccurate potential (quantum chemical methods).  To validate this method we used seven AMBER force fields and we performed a set of 20​-ns-long metadynamics simulations of Ace-Ala-Nme in water. We generated 144 landmark structures of Ace-Ala-Nme differing in values of torsion phi and psi. And then we tried to transform one force field (e.g. AMBER94) to another one (e.g. AMBER03). The obtained free energy surfaces of the corrected force fields (e.g. AMBER94 corrected to AMBER03) and the intended ones (e.g. AMBER03 without correction) were in good agreement. Furthermore, we used same landmark structures and differences between potential energy obtained using force field and DFT calculation. We also present force field correction for important anticancer drug Imatinib as a use case example. Our method appears suitable for adjusting force field for general drug-like molecule.
