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1. INTRODUCTION 
 
Many protein sequences are still poorly annotated. Functional characterization of a protein often is 
improved by the identification of novel interaction partners. Here, we aim to create descriptors for all 
relevant sequence parts of structurally known protein-protein and protein-ligand binding sites. These 
binding sites are often well-conserved (1). In contrast, the rest of the surface seems to be variable (see 
Figure 1A) which impedes sequence similarity searches for functionally equivalent or similar proteins. 
Descriptors previously used for conserved domains and interface motifs are regular expressions, weight 
matrices and Hidden Markov Models (HMMs), covering either sequentially consecutive stretches (2-4) or 
full length domains (5). In particular, HMMs were successfully employed in many sequence similarity 
search tools (5, 6, 7). 
Based on the family level of the Structural Classification of Proteins, SCOP (8), it is possible to extract and 
classify all domain-domain interactions found in the Protein Data Bank, PDB (9). This classification is 
available in the SCOPPI database (10). SCOPPI clusters similar interfaces into interface types. As pointed 
out by Kim and Ison, even homologous domain pairs can associate in geometrically different ways by 
employing different sets of residues to form interfaces (11). Consequently, the corresponding interface 
profiles would differ substantially which makes profile merging meaningless. However, often a number of 
domain-domain interactions expose striking similarities and it is desirable to collect all instances of one 
interface type for the calculation of the respective interface profile. We therefore compose descriptors for 
all interface types in SCOPPI by merging all interface profiles describing that interface type. When data for 
interface types is sparse, we utilize sequence data provided by HSSP (12).  
Often several sequentially remote segments contribute to a binding site (exemplified in Figure 1B). To 
accommodate for this phenomenon, we adopt the multiple-motif approach from PRINTS (13) to represent 
binding sites as a collection of small HMMs for one local binding motif thus describing only the important 
sequence parts that form a structural feature. Each collection member gives rise to an individual sequence 
similarity search using the HMMer package. The P-score of the sum of the individual search result scores 
can be calculated using Karlin-Altschul’s sum statistics for multiple high scoring sequence segments (14, 
formula [5]). 
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Fig.1: Constructing a set of sequence profiles to represent a conserved structural feature. A: 
Caspase’s active site is highly conserved (1ICE, conservation levels are calculated using the von Neumann 
entropy and displayed in shades of gray, the darker the better conserved). Conserved residues in close 
vicinity of the tetrapeptide inhibitor largely define the catalytic site environment. B: Caspase residues 
within 5Å of the inhibitor are underlined. Segments are patched and those with low conservation are discar-
ded to avoid insignificant hits. We add amino acid distribution from HSSP data for each site of the re-
maining segments. It is thus possible to construct HMMs and visualize the profiles as sequence logos (15).  

A B 



 
2. RESULTS 
 
We compiled a comprehensive database that comprises descriptors (interface profiles) for each interface 
type in SCOPPI and ligand binding sites in the PDB totaling more than 3000 interface profiles. These 
interface profiles characterize an interaction/ligand binding site on sequence level. Hence, given a query 
sequence of interest, it is possible to compare it to each interface profile thus identifying possible interaction 
partners including ligands. Profiles for domain-domain interactions have the advantage that both interfaces 
can be considered. Double sided hits increase significance, i.e. given two candidate sequences, double sided 
hits from an interface profile pair with respective P-scores p1 and p2 yield a joint probability of p1·p2. 
Finally, Gene Ontology (16) annotations are linked to each interface profile from the original PDB entries 
that were used to construct this profile. The complete list of HMMs is freely available for academics upon 
request.  
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