
pyDockDNA: A new approach for protein-DNA 
docking 

1Luis Ángel Rodríguez-Lumbreras, 2Brian Jiménez-García, 3Juan Fernández-Recio 

Life Sciences - Protein Interactions and Docking, Carrer de Jordi Girona, 29-31, 08034 Barcelona (Spain) 
1luis.rodriguez@bsc.es, 2brian.jimenez@bsc.es, 3juanf@bsc.es 

Keywords— ab-initio docking, protein-DNA interaction, docking scoring function.

ABSTRACT 
Structural prediction of protein-DNA interactions can 
contribute to the understanding of essential cell processes at 
molecular level, especially those related to gene expression 
and regulation. While some of the existing protein-protein 
docking methods, such as HADDOCK [1], can handle nucleic 
acids, very few algorithms specifically developed for protein-
DNA docking have been reported so far [2]. 

        
In this context, our pyDock docking scheme, which has been 
successfully applied to model a significant number of protein-
protein cases [3], can be also applied to model protein-RNA 
complexes [4]. However, the modeling of protein-DNA 
interactions with pyDock had not been fully explored so far. 

Here we present pyDockDNA, which is based on the pyDock 
program, with a new module for reading and parsing DNA 
molecules. The protocol is composed of two major steps: 
sampling and scoring. The first sampling step consists in the 
generation of 10,000 protein-DNA docking models by 
FTDock [5]. This program takes a protein and a nucleic acid 
coordinate file, discretizes the molecules into corresponding 
3D grids, and computes their geometric correlation by using 
Fast Fourier Transform algorithms to speed up the translations 
between the two molecules.  

For the second scoring step, we have used a modification of 
the default scoring function implemented in pyDock [6] in 
order to reevaluate the protein-DNA docking models 
generated during the sampling step. In the new scoring 
function within pyDockDNA, the binding energy of each 
docking model is based on van der Waals (VDW), desolvation 
and electrostatics energy, using the charges for the DNA 
molecule as defined in amber 94 [7] force-field. 

Fig.1: pyDock scoring function, with details of each energetic term. 

We have thoroughly tested this protocol on an available 
protein-DNA docking benchmark [8], comparing several 
versions of the scoring function, and different combinations of 
the electrostatics, VDW, solvation energy and the SCscore 
(FTDock geometric score). The preliminary results show that 
a combination of electrostatics and VDW might be the best 
option to re-score the different protein-DNA decoys. 
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