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Background

Physicochemical complementarity is commonly believed
to be the driving force for molecular binding. The comple-
mentarity for example of electrostatic potentials is
regarded as the force that draws the ligand from the sol-
vent into the binding site [1]. If this hypothesis is true, the
same ligand should encounter complementarity environ-
mental properties in all proteins to which it binds. We
have used our recently published ligand and binding
pocket matching algorithm [2] to test this common
assumption by searching for property distributions that
are similar for the same ligand bound to different pro-
teins.

Methods

The algorithm bases on real spherical harmonic functions,
which are applicable to approximate any property func-
tion on a unit sphere. These property functions can either
be of geometrical or physicochemical nature. For our cur-
rent analysis we used the shape of binding pockets to test
their geometrical similarity and mapped electrostatic, van
der Waals and hydrophobicity potentials of the protein
on the ligand surface to simulate the physicochemical
forces that a ligand may feel in its binding site.

Results

It was discovered that, of these properties the two that vary
least for a given ligand are the binding conformation of
the ligand followed by the shape of the binding pocket.
Conversely, the same ligand encountered very different
electrostatic and van der Waals potential environments in
the different proteins to which it is bound. These proper-
ties were often found not to be complementary to the lig-
and's properties, which is in conflict with the general
assumption stated above. However, the hydrophobicity of
the binding pocket did seem to correlate with the proper-
ties of the ligand bound to the protein. Hydrophobic parts
of the ligand are often confronted with hydrophobic parts
of the protein, giving rise to similar hydrophobicity distri-
butions within different binding pockets binding the
same ligand (see Figure 1).

Conclusion

These results demonstrate that binding sites that bind the
same ligand can exhibit a large variation of properties by
facing different physicochemical forces within different
binding sites. The results urge a re-evaluation of the total
contribution of some physicochemical properties to
molecular recognition and the factors that drive molecu-
lar binding.
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5. Electro-
statics

Figure |

A set of Adenosine-mono-phosphate (AMP) ligands bound to non-homologous binding sites is shown. Each row
displays different geometrical and physicochemical properties of the binding site and ligand respectively. From top to bottom
are shown the variation of the ligand shape, the binding pocket shape, the hydrophobicity of the protein mapped on the ligand
shape, the van der Waals potential and the electrostatic potential both again mapped on the ligand shape. The properties were
ordered according to their average degree of similarity among the different binding pockets from highest to lowest from top to
bottom. In addition the AMP binding pockets were ranked according to the similarity of their bound ligand to the AMP ligand
of the Protein Data Bank [3] structure lamu [4].
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