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Motivation

For an increasing number of cases, molecular docking calculations require the employment of
three-dimensional models derived from homology modelling techniques. Therefore predicting
the accuracy of the docking results on the basis of an a priori evaluation of the model quality is
of great interest for a number of applications. Aim of this work is to identify quantitative rela-
tionships between indexes of model quality and the accuracy of binding geometries obtained
by molecular docking calculations. The analysis is performed on a large test set assembled
from a reference group of X-ray structures and a sample of corresponding homology models.

Methods

A representative subset of the CCDC/Astex Test Set ) was chosen as the reference set of X-ray
structures. This is a large and diverse set of known protein-ligand complexes extensively used
to validate docking methods. In order to generate a corresponding dataset of models (266
entries), identification of candidate templates was performed by sequence similarity search us-
ing PSI-BLAST with default parameters till the convergence was reached ?. Templates covering
a broad range of sequence identity were selected to provide a reliable sampling of different
evolutionary distances. To provide also a wide spectrum of quality, modelling was performed by
employment of two methods: an automatic server, I-TASSER ©, and Modeller 9v1 “. Moreover,
the reference alignments for Modeller were generated by using different approaches: T-Coffee
) for mono- and multi-template sequence alignments; Praline © for profile-profile alignments;
TMalign 7 for structural alignments. In a first step, the quality of the models was assessed by
means of indexes derived from direct comparison to the known native structures: three struc-
tural alignment approaches implementing both global- and local-fit algorithms were employed
(Dali, LGA, ProFit) ®°19 These “calculated” indexes provided a direct measure of conformity to
the target. Furthermore, a group of predictive indexes of model quality derived without any ref-
erence to the known native structures were employed (“predicted” indexes). A set of these was
derived from a geometrical analysis with routine tools for structure validation 1213 while an-
other set is related to the sequence and structure similarity with the templates. AutoDock ¥
was used to set up and perform docking calculations. The ligands were treated as flexible,
whereas the proteins were treated as rigid bodies during docking simulations. In order to evalu-
ate docking results, the dRMSD (distance Root Mean Square Deviation) was used. This is the
root mean square deviation between the model ligand-site distances and the X-ray ligand-site
corresponding distances.

Results

A first aim of this work was to investigate the correlations between model quality indexes cal-
culated by direct comparison with the native structure and the docking quality index. For the
broad and diverse test set here analysed, all these indexes showed a fairly good and statistic-
ally significant correlation with the dRMSD values of the best docking results. In particular, our
analysis demonstrated that the quality of binding geometries obtained by molecular docking
are mostly dependent on the ability of the model to correctly reproduce the active site geo-
metry as well as on the relative structural distance of the model from the native structure com-
pared to the template structure. The most ambitious aim was to predict also the quality of
docking results from those indexes of model quality commonly used to validate both protein
structures and theoretical models by comparison with background distributions or reference
structures. Indeed, we showed that some of the “predicted” indexes selected for this analysis
do exhibit a clear relationship with docking results' accuracy. In conclusion, for the first time,
we provided a quantitative relationships between “calculated” indexes and docking results and
our test demonstrated that further analyses on “predicted” indexes could lead to the identifica-



tion of general criteria for an a priori prediction of the accuracy in ligand-protein experiments.
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