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ABSTRACT

We have developed an evolutionary approach for flexible ligand docking. Our approach, GEMDOCK, used a
Generic Evolutionary Method for molecular DOCKing and an empirical scoring function. The former combines both
discrete and continuous global search strategies with local search strategies to speed up convergence, whereas the
latter results in rapid recognition of potential ligands. In our pervious works, GEMDOCK has been tested on 100
protein-ligand complexes with 79% successful rate. In this study, GEMDOCK was tested on a large diverse data set
of 305 protein-ligand complexes from the Protein Data Bank. In 78% of these complexes, the docked lowest energy
structures of ligands had root-mean-square .derivations (RMSDs) below 2.0? with respect to the corresponding
crystal structures. The successful rate incréased to-83% if the:structures water molecules were retained. According to
this test, we explored and investigated influence factors:of GEMDOCK on molecular docking and improved the
performance of GEMDOCK by revising these factors. We also evaluated GEMDOCK on virtual screening for
human a-thrombin which is a serine protease fand plays-a-central role in the initiation of blood coagulation. The
enrichment factor was 20 for the screening validation result-of a-thrombin and the false positive rate was 3.4% when
the true positive rate was 100%. We analyzed and validated GEMDOCK with origin scoring functions and our
pharmacophore-based scoring function and found that the pharmacophore knowledge indeed could reduce the false
positive rates on virtual screening. These results suggest that GEMDOCK is robust and can be a useful tool for
molecular docking and virtual database screening. In the meanwhile we present the results of a computational study
in which we show that combining scoring functions by their rankings results in an improvement in the ability to
increase hit rate and reduce false positive rate. The analysis for three virtual screening results of pharmaceutical
interest: thymidine kinase, dihydrofolate reductase, and estrogen receptor provides the differences of combinations
between ranking and scoring. Both combinations of ranking and scoring enhance the enrichment factors and reduce
the false positive rate. Our data shows that the combination of ranking from different scoring functions farther
provides an exciting reduction in fal se positive rates distinguished by individual scoring functions and contributes the

increasing to enrich the active compoundsin virtual screening.



