
  1 msknylftse ... 

61 sawvdieelv ... 

121 qglmfgfatn ... 

181 fidtivlstq ... 

241 cgltgrkiiv ... 

301 ayaigvakpv ... 

Sequencing 
 DNA → gene identification 

→ amino acid sequence 

Homology models[1] 
amino acid sequence → protein 

structure 

Identify catalytic sites[2] 
  Search target protein for 

sites similar to those in  
library of known site 

structures 

Docking 
Search for molecules that 

can bind to site, blocking its 
function 

Goal 
Drug – prevent or 

cure disease 

Organism of interest. 
 In this case, Francisella 

tularensis 
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The Challenge of Catalytic Site Identification: 
Given a target structure, can we find a catalytic template that best 
matches the structure?  If so, we can assign function. 

Descriptor Calculations Process 1: 
 Template 

Search 

SiteMap 
Prediction 

1.Distance matrix similarity 
rmsd(dT,dS) ) 

2.Number of distances within 
threshold ( einc )  

3.Fraction of residues within 
threshold: ( f ) 

4.Number of residues  removed from 
template 

6.Average Distance to SiteMap pocket 
center (dc+0.1)- 1 

7.Interaction Descriptor  
  (f  ninc (dc+0.1)- 1) 

5.Backbone rmsd of aligned residues 

List of best 
substructure 

matches to template 
 (site candidates) 

Structure  
distance 

supermatrix 

Input: 
Structure 

(target pdb) 

Process 2: 
 scoring and 

ranking 

Output: 
Refined 
List of 
Site 

Matches 

Catalog of Sites[3] 
 (CSA Literature 
Entries): 

 
Template 

distance matrix 

Backbone coordinate 
alignment  of 

candidate structure 
sites to template 

sites  

Reference 

Metabolite 

SiteMap  Center 

Catalytic Site  

Residues 

Abstract: 
As a component of the Protein Function Prediction Platform, we present a 
catalytic site identification  procedure.  It uses a template-matching algorithm and 
a scoring procedure that allows for rapid, scalable protein-to-template matching 
for catalytic sites from a catalog of binding sites.   We develop the procedure 
using the Catalytic Site Atlas (CSA) of Thornton.  The procedure is able to process 
cofactors, ions, nonstandard residues, and point substitutions for both residues 
and ions.  Sites with two critical residues are challenging cases, resulting in AUCs 
of 0.9411 and 0.5413 for the training and test sets, respectively.  The remaining 
sites show excellent performance with AUCs greater than 0.90 for both the 
training and test data on templates of size greater than two critical residues.   

Protein Function Prediction (PFP) Platform: Sequence to Structure 
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Protein Function Prediction (PFP) Platform: Mechanistic Modeling 
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Catalytic Site Identification Workflow 

The core search algorithm:  Subgraph Isomorphism and Similarity 
Search 

This is an NP hard problem, but approximations and pruning 
allow for linear scaling: 

Scaling is linear in template size and  
quadratic in target size. 

 
 
 
 
 
 

Incorporation of descriptor based scoring procedure  
(logistic regression) Improves performance. 

1)1()(  zezf  
i

iTi xnz )(0 

Template size 
specific parameter 

Descriptor  

Logistic Function 

AUC(train) AUC(test) 
nT=2 0.9411 0.5413 
nT=3 0.9821 0.9040 
nT=4 0.9932 0.9935 

nT=5,6,7 0.9622 0.9369 
All 0.9714 0.7989 

The Next Phase…searching the Protein Datatbank: 
http://catsid.llnl.gov 

Administered by Dan Kirshner 

Larger binding sites show excellent performance, and 
regression improves 3 and 4 residue cases substantially 

Training Set Test Set 

TT n
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n
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 )2(PP maxfast  TSSS n

Enter user defined 
catalytic template(s) and 

search the protein 
databank . 

Enter user defined protein 
search the catalytic site 

atlas. 

Browse precomputed 
searches: 

a) by pdb id 
b) By Enzyme Comission 

Number 

Server Details:  
• 8 compute nodes (2x6 cores each) 
• Intel Xeon X5690/3.46 GHz 
• 96 GB memory per node. 
• Parallelization: openMP 
• Full PDB (>80k structures) search in 

<1min (on one node). 


