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Introduction
Protein-protein docking is a difficult computational 
task to predict how two proteins fit together to form 
a complex [1]. There currently exist many protein 
docking programs [2]. However they all face the 
same problem of how to identify the correct 
orientation of the two protein structures that form 
the complex. The main problem stems from the 
enormous search space and the difficulty in 
identifying near-native orientations from a very 
large list of feasible but incorrect docking 
predictions. The CAPRI blind docking experiment 
[3] has shown that incorporating experimental 
knowledge into the docking process can often 
improve the quality of the predictions. Such 
knowledge is often published in the literature but 
nowadays it is also increasingly becoming available 
electronically. There now exist several databases 
which provide information on protein sequences, 
structures, function annotations, and protein-protein 
interactions (PPIs). However, searching multiple 
databases for potentially useful information to 
guide protein docking is not a trivial task. We are 
developing automated ways to search such 
databases to discover key interface residues or 
symbolic rules which will describe interfaces in 
protein families. Here, we present our approach to 
extract and annotate a representative set of PPIs for 
a given domain of interest. We illustrate our 
approach using CAPRI target 40 (PDB 3e8l), a 
complex  between two trypsins and the protease 
inhibitor, API-A, and also the latest target 48 
(unreleased PDB), a complex between a diiron 
hydroxylase and a ferredoxin.

We have described an approach to automatically extract and annotate a 
representative set of protein-protein interfaces for a given domain of 
interest. Subsequent analyses of target 40 shows that this approach helps to 
correctly predict both binding sites in this target. Our approach has also 
been useful to make predictions for target 48. However, the solution has not 
yet been announced by the CAPRI organisers.
We are extending our approach to use SCOP structure-based domain 
definitions [10]. SCOP provides a more elaborate hierarchical classification 
than sequence-based PFAM classification. This allows us to retrieve more 
database complexes by generalising to a higher level in the classification 
when there are not enough instances for a given domain of interest . We are 
also extending our approach to annotate PPIs according to their biological 
function.  Our ultimate aim is to apply machine learning techniques to 
discover key interface residues or symbolic rules which will describe 
interfaces in protein families.
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Given a PFAM domain of interest [4], we retrieve from the 3DID database [5] all 
domain-domain interactions (DDIs) involving the query. We classify at the protein-
level the DDIs into intra, homo, and hetero interactions. We filter out intra and homo 
interactions. Biologically relevant interfaces are distinguished from other crystal 
contacts using interface areas calculated by the DSSP program [6]. To obtain a non-
redundant representative set of interactions, we use the NRDB90 program [7] with a 
sequence similarity threshold of 99 percent. We then annotate interface residues from 
3DID as “core” or “rim” depending on their solvent accessibility. To identify 
conserved residue positions, we align the representative domain sequences with the 
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Alpha-amylase PF00128 1ava
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PFAM consensus sequence, which is annotated with residue conservation information 
for that PFAM family. This mapping also provides us with a sequence alignment of the 
selected representative structures. We then use this alignment to perform a 3D 
superposition of the PDB complexes using the least squares fitting program ProFit [8].  
We have written a TCL script to load automatically the selected complexes into VMD 
[9] for visualisation. We store the information calculated for each interface in our 
database, KBDOCK. Overall, KBDOCK stores 5010 representative hetero protein-
protein interfaces for 1203 PFAM families. The following sections illustrate our 
approach using the API-A protein from CAPRI target 40, and show preliminary results 
for our predictions of target 48.
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Results
CAPRI target 48 is a complex between a trimeric 
diiron-hydroxylase and a Rieske-type ferredoxin. 
The task is to predict how ferredoxin binds to the 
trimer. We obtain the domain(s) in each target 
protein and we extract from KBDOCK 
representative interfaces for each domain. The two 
figures below show the superpositions obtained for 
the two target PFAM domains. From the overlays 
shown in these figures, we believe ferredoxin binds 
to the hydroxylase in a similar way to the MmoB 
domain. However, the solution has not yet been 
announced by the CAPRI organisers.
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Conclusions
In conclusion, our approach automatically extracts 
and annotates a representative set of protein-
protein interfaces for a given domain of interest. 
Our approach provides a fast and convenient way 
to use the “docking by homology” principle to 
guide and focus protein docking calculations. We 
have used our approach successfully on CAPRI 
target 40, and it has also helped to propose 
binding modes for target 48. We are now 
developing machine learning techniques to 
discover symbolic rules to describe interfaces in 
protein families. This will help us predict 
interactions between proteins which are only 
distantly related to known complexes.

All representative complexes Predicted interactions for the 
API-A target

Core residue Rim residue

PDB 1ba7 PDB 1avw

Extract and 
annotate a 

representative set of 
protein-protein 

interfaces for each 
PFAM domain

1. Ritchie DW. (2008) Recent progress and future directions in 
protein-protein docking. Curr Protein Pept Sci, 9(1):1-15.
2. Smith GR and Sternberg MJE. (2002) Prediction of protein-
protein interactions by docking methods. Curr Opinion in 
Structural Biology, 12:28-35.
3. Janin J. (2005) Assessing predictions of protein-protein 
interaction : the CAPRI experiment. Protein Sci, 14(2):278-83.
4. Finn RD, Tate J,  et al. (2008)  The Pfam protein families 
database. Nucleic Acids Res., 36:D281-D288.
5. Stein A, Russel RB and Aloy P. (2005) 3did: interacting 
protein domains of known three-dimensional structure. Nucleic 
Acids Res., 33:D413–17.
6. Kabsch W and Sander C. (1983) Dictionary of Protein 
Secondary Structure: Pattern Recognition of Hydrogen-Bonded 
and Geometrical Features. Biopolymers, 22:2577-2637.
7. Holm L and Sander C. (1998) Removing near-neighbour 
redundancy from large protein sequence collections. 
Bioinformatics, 14(5):423-29.
8. Martin ACR. ProFit. http://www.bioinf.org.uk/software/profit/
9. Humphrey W, Dalke A and Schulten K. (1996) VMD - Visual 
Molecular Dynamics.  J. Molec. Graphics, vol. 14, pp. 33-38. 
10. Murzin AG, Brenner SE, et al. (1995) SCOP: a structural 
classification of proteins database for the investigation of 
sequences and structures.  J. Mol. Biol. 247, 536-540.

This project is funded by the Agence Nationale de Recherche, 
France. Grant reference ANR-08-CEXC-017-01.

Example query

CAPRI target 40 
API-A protein

Key: API-A with predicted 
core and rim regions


	Slide 1

