
Previous CAPRI results have shown that using 

prior knowledge about the targets often gives 

better results than blind docking. Even knowledge 

of a single interface residue can significantly 

improve docking predictions [1]. Such knowledge 

is often published in the literature, but nowadays 

more and more information about proteins and 

their interactions is available electronically. For 

example, many databases now provide infor-

mation on protein sequences, structures, domain 

and function annotations, and protein-protein 

interactions. However, searching multiple data-

bases for potentially useful information to guide 

protein docking is not a trivial task. We are 

developing automated ways of transferring know-

ledge of existing protein-protein interactions to 

unknown but structurally or functionally related 

cases in order to make better docking predictions 

more quickly and easily. Here, we present a 

knowledge-based approach which we used to 

guide protein docking calculations for CAPRI T40, 

a complex between two trypsins and the double-

headed arrowhead protease inhibitor, API-A.  
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Introduction

The first step is to identify the domains of each docking target using 
the PFAM [2] and SCOP [3] domain classification. The second step 

is to query databases of protein-protein interactions (PPI) such as 

SCOPPI [4] and 3DID [5] to retrieve complexes involving at least 

one of the target domains. Once we have the structures of 

complexes of interest, we identify putative interface residues using 

two different approaches. In the first approach, we analyse multiple

sequence alignments along with information about the interface 

residues of the complexes retrieved from the databases. In the 

second approach, we perform and analyse multiple structural 

alignments of the retrieved complexes. Both approaches give a list 
of putative interface residues for each protein. These lists are 

refined using information from the literature before performing 

focused Hex docking [6] and molecular dynamics refinement (MD). 
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The structural alignments show that the Trypsin structures are highly 

conserved, whereas the Kunitz legume domain structures are more varied.
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We used STAMP [7] in VMD [8] to superpose the known complexes 
of trypsin and Kunitz legume in order to observe their structural 

similarities and to identify putative binding site(s) for each target 

domain.

Superpose Trypsin and Kunitz complexes

The superpositions of the complexes show that Trypsin has a single 

binding site whereas Kunitz legume has at least four binding sites.
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Here, we show the partial alignment of the Trypsin and Kunitz legume 

domain sequences along with information of their interface residues as 

defined by 3DID (shown in green). We predict a residue to be at the 

interface (shown in yellow) if two or more aligned residues of the same 

type are at a known interface.  
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The multiple alignment shows a high sequence identity among the 

Trypsin sequences and the Trypsin target. Consequently, it is straight-

forward to map and predict the interface residues for this target domain.

The multiple alignment shows two main groups of Kunitz sequences: a 

trypsin binding group, and another group that binds amylase, peptidase 

and thioredoxin. However, it also shows that this domain target shares a 

low sequence identity with the other sequences. Hence it is difficult to 

map and predict the interface residues for this domain.

Using information found in the literature on API-A 

[9, 10], we first predicted L87 and R76 as important 

interacting residues for the two binding sites. From 

the structural alignments, we indeed found L87 as 

the main interacting residue for the first binding 

site. However, taking into account both sequence 

and structural alignments, we predicted K145 to be 

the main interacting residue for the second binding 

site by looking at the structural alignment of 

different inhibitors of Trypsin and Chymotrypsin. 

They all exhibited an anchor-type residue in the 

main interface loop (top figure), and so we 

hypothesized that the corresponding loop in API-A 

would contain an analogous anchor (bottom figure).

We compared the interface residues predicted by the 

sequence and structural alignment approaches with 

the revealed crystallographic structure (PDB code 

3EYL). Our predicted interface residues and those 

given by 3DID for the solution are shown below.

Trypsin: Our predicted 

interface residues are Y37, 

H38, F39, H55, T91, S93, 
N94, L96, Y146, C188, 

Q189, G190, S192, S207, 

W208, G209, S210, G211, 

and K215.

API-A: Our predicted 

residues are  N14, S67, 

V70, G74, S75, K97, Y116, 

F143, C144, and K145.

Trypsin: The structural 
alignments gave similar 

predictions as above.

API-A:  We found four 

putative binding sites 

centred around: S64-R76 

(blue, trypsin), S82-C89 

(yellow, peptidase), E124-

T128 (green, amylase), 

and S140-K145 (orange, 
thioredoxin).  

Both approaches correctly 

predicted the Trypsin inter-

face residues because its 

sequences and structures 

are highly conserved.  

However, it was necessary 

to perform structural align-

ment to correctly identified 

K145 as the key API-A 
anchor residue for the other 

binding site.
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interface 
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Based on these predictions, we positioned the two trypsins around L87 

and K145 and performed focused rigid-body docking using Hex.  We then 

refined the best fifteen docking orientations using MD (see poster of 

Chavent et al.).

Discussion
Overall, our approach correctly identified both interfaces for T40, and a total 

of nine out of ten docking orientations submitted were rated as “acceptable” 

according to the CAPRI criteria.

For this target, our approach was performed 'manually'. We are currently 

developing an automated approach to search protein interaction databases 

to find complexes containing similar domains to those of a given target. Our 

experience with T40 suggests that if an interface containing both target 

domains is found, it can be used to find the main interface residues. We call 
 

this “docking by homology” (e.g. identifying L87 in T40). If structurally and/or 

functionally related interfaces are available, even though they do not contain 

both target domains, they can still be used to help find the main interface 

residues.  This might be termed “docking by analogy” (e.g. identifying K145 

in T40). In the more general case, our aim is to apply machine learning 

techniques to structural interaction databases such as SCOPPI and 3DID to 

help predict protein-protein interactions which are only distantly related to 

known interfaces.
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