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Motivation
The prediction of the quaternary structure of biomolecular macromolecules is of paramount
importance for fundamental understanding of cellular processes and drug design. In the era of
integrative structural biology, one way of increasing the accuracy of modelling methods used
to predict the structure of biomolecular complexes is to include as much experimental or
predictive information as possible in the process.
Methods
We have developed for this purpose a versatile information-driven docking approach
HADDOCK (http://www.bonvinlab.org/software/haddock2.2) [1-3]. HADDOCK can
integrate information derived from biochemical, biophysical or bioinformatics methods to
enhance sampling, scoring, or both [4]. The information that can be integrated is quite
diverse: interface restraints from NMR, mutagenesis experiments, or bioinformatics
predictions; shape data from small-angle X-ray scattering [5] and, recently, cryo-electron
microscopy experiments [6].
Results
In my talk I will illustrate HADDOCK’s capabilities with various examples, including results
from our participation to CAPRI [7,8]. HADDOCK has demonstrated sustained prediction
and scoring performance since the start of its participation to CAPRI. This is due, in part, to
its ability to integrate experimental data and/or bioinformatics information into the modelling
process, and also to the overall robustness of the scoring function used to assess and rank the
predictions. Thirteen years after the original publication, the HADDOCK scoring function
remains a simple linear combination of OPLS [9] intermolecular van der Waals and Coulomb
electrostatics energies, an empirically-derived desolvation energy term [10], and one or more
restraints energy terms reflecting the agreement between models and experimental/prediction
information. Our simple scoring scheme successfully selected acceptable/medium quality
models for 18/14 of the 25 targets during the combined CASP-CAPRI prediction round,
making us rank at the top. Considering that for only 20 targets acceptable models were
generated our effective success rate reaches as high as 90% (18/20)! These results underline
the success of our simple but sensible prediction and scoring scheme.
I will end by discussing the problem of binding affinity prediction, showing that current
scoring functions in macromolecular docking fail at predicting the affinity of protein-protein
complexes and introduce a simple, contact-based predictor that outperforms complex,
energy-based predictors [11].
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