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Structural classification databases have been used extensively to assist function prediction
of new and unknown proteins by similarity in their folds (SCOP, CATH, FSSP). While this
approach is useful it is known that a single protein fold can provide many different functions.
In these cases additional functional information can often be provided by comparing the detail
of protein structure at ligand binding sites and enzyme active sites to known and characterised
sites in the database (e.g. TESS, ASSAM, PINTS).

Structural genomics projects are increasingly solving structures of hypothetical proteins of
unknown function and there is a need to predict protein function from structure. Our aim is
to aid the characterisation of these proteins by structure based prediction of ligand binding site
similarity. We have developed a large database of ligand binding sites extracted automatically
from the Macromolecular Structure Database. This has been combined with a new method
(Brakoulias and Jackson, 2004) based on geometric hashing to assess the extent of their sim-
ilarity. In particular the binding sites of the large class of nucleotide ligands (e.g. ATP/ADP,
GTP/GDP, FAD, NAD) is studied here but will be expanded to include other small-molecule
ligands in the future.

Similarity in the spatial arrangements of atoms between any two sites might indicate that
they bind similar ligands and thus may exhibit similar functions. The geometric hashing method
provides a score of similarity, an RMSD and a superposition of equivalenced atoms for each
pair of compared binding sites. The similarity score allows us to identify the most similar
ligand binding sites to a defined query from our database and may allow common function
to be inferred. These preprocessed data are stored in a World Wide Web accessible database
which is searchable with a PDB code and ligand information (such as ligand name, number
and chain). Submission of these data rapidly returns a ranked list of similar ligand binding
sites (above a certain similarity score cut-off). Additional annotation is also provided such as
the SCOP (Structural Classification Of Proteins) codes and each hit is coloured according to
its similarity to the overall family and fold of the query protein. Optimal superpositions of the
binding site and ligands of interest can then be performed allowing further examination and
visualisation with molecular graphics. A multiple alignment of structurally equivalenced atoms
is also provided. Our current focus is to define similarity with a statistical E-value using the
method of Stark and coworkers (Stark et al., 2003) in order to give a measure of confidence in
the identified similarity.

The method is successful in identifying close family and superfamily relationships prior to
their classification in the SCOP and CATH databases and has also been applied successfully to
identifying more distant evolutionary relationships at the fold level or even beyond. In addition
we are able to detect similarity between binding sites where the ligands are similar but not
identical.
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