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Abstract： 

With the significant advances in computer power, structure-based 

virtual high-throughput screening (vHTS) has been increasingly used 

to identify promising hits from a large chemical database of millions 

of compounds by rapidly estimating ligand-receptor interactions with 

a scoring function. This would significantly reduce the cost and time 

of discovering novel lead compounds. However, its application in 

drug discovery has been unsatisfactory partially due to the use of 

deficient atomic potential energy functions in the classical force field 

(FF). While for the highly accurate scoring functions based on 

quantum mechanics (QM), the calculations are prohibitively 

expensive to be applied to vHTS. We aim to develop a novel 

grid-based QM scoring method which is highly accurate yet efficient 

in order to improve docking accuracy. By generating a database of 

pre-computed potential energy surface (PES) using a QM method for 

any pair of protein-ligand fragments in the full phase space, any 

protein complex can be decomposed into fragments and reassembled 

onto 3D grids and the protein-ligand interaction energy can be 

estimated by a robust interpolation method. Our method has shown 

higher accuracy than classical force field for gas phase non-bonded 

interactions, and with the use of pre-computed energy data, high 

throughput efficiency is guaranteed. By calculating the gas phase 

protein-ligand interactions with our method, a novel scoring function 

for estimating ligand binding affinity has been developed. This 

scoring function will potentially assist in the innovative 

structure-based drug discovery, especially for “tough” drug targets 

which are challenging for conventional scoring functions. 
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