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Despite the intense efforts that have been devoted to the development of scoring functions for
docking, they are still limited in their ability to identify the correct binding pose of a ligand
within a protein binding site. Many scoring functions are based on summing contributions from
different factors thought to influence binding. For example, molecular mechanics force field-
based scoring functions sum the contributions from different interaction energy types (hydrogen
bond, van der Waals, electrostatic) between ligand and protein atoms. The additive nature of
these methods is such that the conformational search is directed by the final, total energy value,
with no information on the importance of the different interaction energy types being used.
Thus, the assumption is made that the influence of the different interaction energy types does
not vary between different protein-ligand complexes.

To be able to understand the roles of the individual interaction energies in a docking experiment
we have developed a docking tool based on a multiobjective genetic algorithm (MOGA). The
MOGA aims to lead the search to what is known as the Pareto front. Solutions that fall on
the front (the Pareto solutions) show different compromises of the different objectives, and
by examining where the true solution falls on the Pareto front we are able to understand the
importance of the different interaction energies for a given complex.

Twenty protein-ligand complexes have been tested using the MOGA optimisation method. For
seventeen of these, the MOGA was able to obtain good solutions within the Pareto solution
set (RMSDs of less than 2.0 ÃĚ from the crystal structure). An interesting feature of these
solutions is that the different objectives do not show an equal influence. In fact, for many of
the complexes, the van der Waals interactions alone appeared to be guiding the search. These
results show that the influence of the interaction energy types varies significantly from one
complex to another, and that scoring functions should be tailored to given targets. Our method
could therefore be used for scoring function development. It may also be used as a docking tool
that allows the user to select the most feasible solution of the Pareto solution set.
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