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Introduction 
 
Molecular recognition is one of the central processes in molecular biology. Comparison 

and detection of binding sites is a key step in the prediction of potential interactions. 

Since proteins function by interacting with other molecules, similarity in the binding 

patterns of proteins is closely related to similarity in their biological functions. There are 

two potential ways to infer the function of a novel protein. The first is to recognize a 

sequence or fold similarity with a protein whose function is known. However, a similar 

fold does not necessarily imply a similar function. For example, proteins with the same 

fold, like TIM (triose phosphate isomerase) barrels i.e. conserved protein fold consisting 

of eight α-helices and eight parallel β-strands that alternate along the peptide backbone., 

can have multiple functions. On the other hand, proteins with different folds, like 

subtilisin and trypsin, can share the same function. The alternative approach, is to 

investigate the physico-chemical patterns and shape of the protein molecular surface. 

 

Proteins are assumed to perform similar functions if they share similar binding patterns 

and recognize similar binding partners, even if they have different sequences and 

(overall) fold homology. Identification of regions on the surface of one protein that 

resemble a specific binding site of another is especially important for the following three 

applications 

 

(1) Functional analysis and classification:  Recognition of similarity in binding pattern to 

a well known protein may help in gaining a better understanding of its function and 

activation mechanism. These are crucial for the development of targeted drug leads like 

inhibitors. Functional annotation of newly determined structures can be a significant 

contribution to the Structural Genomics initiative. 

 

(2) Potential ligands and ligand fragments: Analysis of ligands bound to proteins with 

similar binding sites may provide hints of chemical groups that can be used to develop a 

drug for the protein target. The method can be used for lead generation and optimization 

as well as for de novo drug design. 
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(3) Prediction of side-effects:  Proteins with similar binding sites may bind the same drug 

and therefore may potentially cause side-effects. Thorough investigation of such proteins 

during the drug design process is important for the development of more specific drug 

lead. 

 

Other methods that are commonly used for suggestion of new ligands or ligand fragments 

and for predictions of side-effects are alignment of small molecules and docking. These 

techniques model the interactions of the receptor with specific ligands and therefore do 

not analyze all potential interactions that a specific binding site may form. This is 

particularly important, since a single protein-binding site may have several binding 

patterns. Not only can the same binding site bind different ligands with different 

functional groups, but there is also evidence that at least in some enzymes a single 

compound can bind in different ways. A wide variety of methods have been developed 

for protein structural alignment. Most existing methods describe a protein structure by its 

C atoms and seek to maximize the overall similarity of the structures. However, when 

there is no fold similarity between the aligned structures, these methods usually do not 

provide a biologically significant alignment. Analysis of the similarities between binding 

sites can complement these techniques, ensuring full exploration of available structural 

data. 

 

Introduction to SiteEngine  

SiteEngine predicts regions that can potentially function as binding sites. The methods is 

based on recognition of geometrical and physico-chemical environments that are similar 

to known binding sites.i.e. Recognizes regions on the surface of one protein that resemble 

a specific binding site of another . 1

Recognition of regions through which protein molecules function and interact is crucial 

for prediction of molecular interactions which govern most of the cellular processes. that 

recognizes regions on the surface of one protein that resemble a specific binding site of 

another. This may suggest the similarity of their binding partners and biological 

functions. Unlike methods that compare the locations of the backbone atoms or the 
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identity of the amino acids, the presented method takes into account the physico-chemical 

properties of both the backbone and the side-chains. Therefore it can recognize similar 

binding patterns shared by proteins that have no sequence or fold similarity. SiteEngine is 

highly efficient and suitable for large scale database searches of the entire PDB.  

The biological significance of the SiteEngine method is validated on a set of biological 

applications. First, Introduce a benchmark dataset which is used to construct two 

databases: one of complete protein structures and the other of binding sites. These 

databases are used to perform three types of search applications:  

(1) A given functional site is searched against a large set of complete protein structures 

(2) A potential functional site of a protein of interest is compared with known binding 

sites 

 (3) A complete protein structure is searched for the presence of an a priori unknown                

functional site, similar to known sites.  

While the second application compares between already known binding sites, the first 

and the third can recognize novel regions that can function as binding sites. From the 

biological standpoint, the first and the second applications may identify secondary 

binding sites of drugs that may lead to side effects. The third application finds new 

regions that may provide targets for drug design. Each of the three applications may aid 

in assigning a function and in classification of binding patterns.  

In each application SiteEngine has successfully recognized specific types of protein 

binding sites such as estradiol binding, adenine and ATP binding sites that were used as 

queries. The same binding sites were further used to search the ASTRAL dataset 

constructed from the entire PDB. Since SiteEngine searches a complete structure of each 

protein in a matter of seconds, finding  the first application to be the most reliable for 

such large scale applications. The method was also applied to classification and 

functional annotation of novel proteins determined as part of the Structural Genomics 

project. 
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Literature Review 
 
Recognition and comparison of regions through which protein molecules function and 

interact are crucial for the prediction of molecular interactions, which govern practically 

all cellular processes. Consequently, a broad range of tools for sequence and overall 

structural alignment are routinely used by the scientific community in the analysis of 

biological processes and the prediction of function. However, the overall similarity of the 

sequences and folds does not necessarily imply similarity of biological function . It has 

been shown that proteins with the same fold can have different functions, and that 

proteins with different folds, such as serine proteases or zinc-binding proteins, can share 

the same function. Since proteins function by interacting with other molecules, similarity 

in their biological function is related to the similarity of their corresponding binding 

regions. These may be sequentially non-continuous regions with no common patterns of 

amino acids but sharing a set of physicochemical properties which create similar surface 

regions. Several approaches have been proposed for the recognition of such functional 

sites . These are important for drug design as well as functional annotation  and biological 

classification. 

 

SiteEngine is an efficient method for the recognition of functional sites in protein 

structures . It is motivated by several goals.2 First, analysis of compounds bound to 

proteins with similar functional sites may suggest chemical groups and scaffolds that can 

be used in drug design and optimization. SiteEngine can also assist in the recognition of 

proteins with similar binding sites that can potentially cause side-effects. In addition, it 

can be applied to recognize regions on the surface of a novel protein that are similar to 

functional sites of known proteins. This may contribute to a better understanding of the 

novel proteins’s function and activation mechanism. Furthermore, classification of 

proteins according to their functional site may facilitate the development of more 

efficient database organizations and search schemes.  

 

Schmitt et al. 3, for each amino acid group atoms with similar physicochemical properties 

into functional groups, which are represented by three-dimensional points in space, 

denoted as pseudocenters. Each pseudocenter represents one of the following properties 
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important for protein– ligand interactions : hydrogen-bond donor (DON), hydrogen-bond 

acceptor (ACC), mixed donor/acceptor (DAC), hydrophobic aliphatic (ALI) and 

aromatic, pi interactions (PII). Construction of a smooth molecular surface as 

implemented by Connolly et al4. and retain only pseudocenters that represent at least one 

surface exposed atom. When considering binding sites, consider only to the surface 

regions that are within 4s of the binding partner. 

 

Calculate all possible transformations that superimpose the input binding site on a similar 

surface region of the other molecule. The algorithm is based on efficient hashing and 

matching of almost congruent triangles defined by triplets of pseudocenters. The hashing 

of the triangles is done with a key that consists of the three parameters of side lengths of a 

triangle and of an additional physicochemical index, which encodes the properties of its 

nodes. Each pair of matched triangles defines a candidate transformation which can 

superimpose the input binding site on a certain region of the complete protein. Similarity 

of the physicochemical properties and shapes aligned by each transformation is scored 

using a set of hierarchically applied scoring functions and a list of top ranking solutions is 

selected. 

 
 
Several methods have been developed to identify specific three-dimensional patterns of 

amino acid side-chains.  Artymiuk et al5. represented each side-chain by pseudo-atoms 

and used a subgraph-isomorphism algorithm to identify the spatially conserved patterns. 

This algorithm (ASSAM) was recently enhanced to include additional constraints such 

as: the secondary structures, the solvent accessibility and the disulfide bridges. Wallace et 

al. have introduced “coordinate templates”. These allow recognition of the “catalytic 

triads” that are typical for some of the protein families, like serine proteases, 

triacylglycerol lipases, ribonucleases. and lysozymes. Using atomic representation, the 

geometric hashing technique was applied to efficiently compare a query protein to the 

template of the catalytic triad6. This algorithm (TESS) has been recently updated by 

JESS, which is flexible and unconstrained by the template syntax. Binkowski et al.7, 

have recently presented an elegant approach to assess the similarity of sequence patterns 

of surface pockets and voids, which are conveniently organized in CASTp8. However, 
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methods that recognize patterns of residues that are conserved in their 3D positions and in 

their amino acid identities are not always applicable. There are biological examples of 

proteins that can bind the same binding partners without sharing any conserved patterns 

of amino acid residues. Rosen et al9,searched for a site on the protein surface that 

resembles a specific, known active site. The molecular surface was represented using 

sparse critical points defined by Lin et al10-11.,The translation and rotation invariant 

characteristics of pairs of critical points were used as a key for the geometric hashing 

procedure. In addition, the reliability of surface comparisons in searches for active sites 

was examined. It was concluded that although pure geometric surface matching is 

capable of finding biologically correct solutions, utilizing additional chemical “labeling” 

information is required to correctly rank and analyze the obtained solutions.Kinoshita et 

al12., performed clique detection on the vertices of the triangulated solvent- accessible 

surface. They constructed a database of binding sites, eF-site, and used a structure of a 

complete protein structure to search it. However, the number of vertices in their surface 

representation is too large and it is too sensitive to conformational flexibilities. One of 

their conclusions was that other representative surface points may be more effective for 

robust and accurate comparisons. An important contribution was recently published by 

Schmitt et al . Generic pseudo centers that efficiently encode the physico-chemical 

properties important for molecular interaction. Each amino acid residue of a protein is 

represented as a set of such centers. Assuming that small molecule binding sites are 

detected in cavities, they constructed a database of binding sites Cavebase, which is 

integrated with Relibase. The clique detection algorithm was used to retrieve cavities that 

are similar to a specific query cavity. The solutions were ranked according to the 

similarity of property-based surface patches. Here is  a novel method i.e. capable of 

handeling large protein structure in a matter of seconds. 
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Objective:-  
 

• To recognize the binding sites in lipase with  the help of  SiteEngine  
 

• To dock the metal ion or any other ligand on the binding site of lipase and to see 
the effect of metal ion on the activity of lipase. 
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Methods And Materials 

Working of SiteEngine 

Stages of the SiteEngine server: 

Stage1 - Input molecules definition 

Stage2 - Selection of the chain and the binding site of interest 

Stage3 - Process of SiteEngine 

Stage4 - Output of SiteEngine

Stage1:- Input molecules definition:  

The first stage in activating the SiteEngine is the definition of the molecules of interest.  

The first field specifies the molecules that will be searched for the binding site of interest. 

The second field specifies the molecule from which the binding site will be extracted. If 

the molecules are available in the Protein Data Bank (PDB) the PDB codes are to be 

specified, otherwise the molecules of interest can be uploaded to our server. Using the 

PDB codes speeds up the process, since no file transfer is required. 

 

 
 
Stage2 - Selection of the chain and the binding site of interest: 

First, the user can specify the specific chains of interest that are to be searched in the 

complete molecule. This restriction will significantly speed up the search process.  

Second the user must specify the ligand that is present in the binding site of interest. The 

region of radius 4.0A  around the ligand will be extracted and used as the searched  

pattern. SiteEngine will recognize regions, similar to this pattern, on the surface of the 

complete  molecule. 
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Below is an example of a molecule (pdb:1a27) that has two ligands EST and NAP. By 

selecting the ligand of interest the user specifies the regions of interest that his is 

interested to search in the other molecule. 

 

 
 
Stage3 - Process of SiteEngine: 
This window shows the process of activation of SiteEngine. The five main stages are 
presented and those that are complete are checked in the checkbox. 
In most of the cases the most time consuming stages are the construction of the surfaces. 
 

 
Stage 4:-Output of site engine 

The 10 top ranking solutions are presented. These represent the 10 regions of the surface 

of the complete molecule that are recognized to be most similar to the binding site of 

interest. The file aligned.pdb is the superimposition of the two molecules by the 

transformation recognized by SiteEngine. It can be either downloaded of viewed directly 

from the browser. The file contains the superimposition of the two molecules as well as 

the functional groups that are recognized to be shared by the regions. These are also 

detailed in the output table. The output table of SiteEngine presents the details of the 

common functional groups.  

Chain.ID  

AminoAcid  

Property 

Source  
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Dist  

Conserved AA

 

 
 
 
Chain.ID: 

The protein chain, followed by the identity of the amino acid 

AminoAcid: 

The one letter amino acid code. However it must be noted that the method is based on the 

physico-chemical properties and does not consider the identity of the amino acids. These 

are only displayed for the convenience of analysis. 

Property: 

The physico-chemical property that is matched by the algorithm. The method is based on 

a representation of each amino acid of a protein as a set of features that are important for 

its interaction with other molecules. The abbreviations of these features are: 

DON - Hydrogen bond donor 

ACC - Hydrogen bond acceptor 

DAC - Hydrogen bond donor and acceptor (e.g in histidine) 

ALI - Aliphatic Hydrophobic property 
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PII - Aromatic property (pi contacts) 

Source: 

This field specifies whether the matched property is contributed by the backbone or the 

side-chain of the amino acid. 

The abbreviations are: 

b - feature contributed by the backbone  

s - feature contributed by the backbone  

Dist:  

The  distance in space measured between the matched features. 

Conserved AA: 

Marks the features shared by the two molecules that are contributed by residues with the 

same identity of the amino acid. 

 

                                        
                                                
                                      ALGORITHM  OVERVIEW 
 
                                      Complete protein         Binding site 

                                                                          
 
 

Complete protein Binding site 

Physio chemical and 
surface representation 

Matching of triangles 

     Hierarchal score  
 
 
 

    One best solution  
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REPRESENTATION 
I shows an example of a representation of cavity-flanking residues. In addition,  consider 

the pseudocenters of H-bonding properties of the side-chains of Arg, Lys and His to be 

positively charged, and those of Asp and Glu to be negatively charged. These 

modifications lead to a slight improvement in experimental results. From the algorithmic 

standpoint, the similarity of charges is not a prerequisite for matching and is considered 

geometric hashing. 

 

For each chemically labeled surface patch estimate the patch center by a surface point 

nearest to its center of gravity ( Figure II and III). Each patch center is used to estimate 

the average curvature of its surface patch by calculation of the solid angle shape function. 

In this calculation, a sphere of a certain radius is placed at the patch center. The average 

curvature is approximated by the fraction of the sphere inside the solvent excluded 

volume of the protein. The radius of the sphere determines the region in which the 

curvature is approximated. The two calculations with different definitions of the radius of 

the sphere. In the first calculation,consider a minimum radius sphere bounding the 

surface patch represented by the patch center. In the second calculation, the radius is user 

defined (by default, 6A° for hydrophobic regions and 3A ° for others). An average of the 

two values is used to represent the shape of each surface patch. 
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HYDROGEN BOND ACEPTOR 
 HYDROGEN BOND DONOR 

  DONOR/ACCEPTOR 
  HYDROPHOBIL ALIPHATIC 
  AROMATIC CONTACTS 
 
 

Matching 

At this stage,  all possible transformations that will superimpose the input-binding site to 

a similar region of the surface of the other molecule. The algorithm is based on the 

matching of almost congruent triangles defined by triplets of pseudo centers 

 

• Each pair of triangle with similar side lengths and similar nodes defines a 

candidate transformations 

• Triangles are efficiently matched by the geometric hashing 

• Each candidate transformation is scored 

 

 
 
 
 
 Scoring 

A hierarchical scoring scheme shown in fig.. The first scheme, which is applied to all 

potential solutions, is calculated based on a low-resolution representation of the 
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molecules and is therefore highly efficient. As the number of potential solutions is 

reduced to a smaller subset, the resolution of the molecular representation is increased 

leading to more precise calculations. 

 

                                         
                                                                       RMSD Clustring(5000 best solution) 

   All matches 

 
 

                                                           Match list definition(100 best solutions) 
 

 
 
 
 
 

  Fast low resolution scoring 

    Overall surface scoring 

   1:1 correspondence score 

          Final ranking 
 
 
 
 
 

All matches 

         One best solution 

 
Fast low-resolution scoring:-  The goal of this scoring scheme is to provide the initial 

ranking of candidate transformations and to filter out biologically unreasonable ones. The 

main idea is to select a small, chemically meaningful representative set of surface points 

and use them to efficiently estimate the potential surface similarity of the aligned surface 

patches. Select the points to be a set of patch centers, i.e. centers of physico-chemical 

surface patches of the input-binding site. The candidate transformation and consider the 

local environment to which each patch center is transformed.  

First, To check whether the given patch centers are transformed to surface regions in the 

other molecule.  
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Second, To check whether the physico-chemical environment to which it is transformed 

is similar to the one in the original molecule.  

Third, To compare the shape of the region to which it is transformed with the shape 

measured at the given patch center. Similarity in each of these attributes will increase the 

calculated score.  

It is  found that sufficient to consider only the 5000 highest-ranking solutions. 

Transformations which superimpose the pseudocenters of the input-binding site so that 

the root-mean-square deviation (RMSD) between them is lower than a predefined 

threshold (3A°), are considered to belong to the same cluster. For each cluster the best 

scoring transformation is selected. 

 
Overall Surface Score Calculations:-  This scoring scheme is applied to a smaller number 

of the retained candidate transformations. It can therefore examine them more thoroughly 

using a higher level of resolution of molecular representation. Each candidate 

transformation is applied to each surface point. Then, as in the lower solution score,  

compare the properties of each surface point with the properties of the environment in the 

other molecule to which this point is transformed. Here too, similarity of both chemical 

and geometrical properties is scored higher than the similarity of only one of these. Since 

the number of considered surface points is much higher, they are divided into different 

categories. The surface points of the input-binding site are divided into three categories 

according to their distance from the surface of the molecule on which it is superimposed. 

Each category counts the number of surface points within distance thresholds of 1A ° , 

2A ° and 3A°,respectively. In addition, in each category we calculate the number of 

points with the same physico-chemical property and charge, and add them to the counter 

of that category. Then calculate the weighted sum of the counters of the three categories. 

The closer the category is to the surface the higher the weight that it receives 
                                                            i=2 

Overall Surface Score(T) = 1/density ∑ (∈−i)  (|Si|+|Pi|) + |C0| 

                                                            i=1 
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Match List (1:1 Correspondence) Definition :- The 1:1 correspondence score as described 

in for each retained candidate transformation,  determine a 1:1 correspondence (match 

list) between the sets of pseudocenters of the two molecules. The obtained 1:1 

correspondence is used for two purposes, to improve each candidate transformation by 

the least-squares fitting method and to score the similarity of the environments of the 

corresponding pseudocentres. 

The match list is defined by calculating the maximum weight matching in a bipartite 

graph. The bipartite graph is constructed in the following way. 

(1) The nodes of the graph are the pseudocenters of the two molecules.  

(2) An edge is added between each pair of pseudocenters that have similar (up to a 

threshold) spatial locations, physico-chemical properties and shape functions.  

(3) Each edge is assigned a weight that represents the similarity between the 

corresponding pseudocenters together with their local environments. It measures the 

distance, the charge compatibility of the H-bonding properties and the similarity of the 

local shapes of hydrophobic aliphatic regions.  

The maximum weight match in this graph provides a 1:1 correspondence between subsets 

of pseudocenters of the two molecules. The obtained match represents a set of pairs of 

pseudocenters of the two molecules, so that the points of each pair are the most similar in 

their geometrical and physicochemical properties. At the next stage, calculate the score of 

the obtained 1:1 correspondence. This score consists of two parts: first, To calculate a 

score, which estimates the goodness-of-fit between the corresponding pseudocenters of 

the two molecules. Second, for each pair of centers with hydrophobic aliphatic or 

aromatic properties  perform a more thorough comparison of the corresponding surface 

patches. There are two factors that  consider to be important in this context:  

(1) the size of the overlap region between the patches superimposed by the candidate 

transformation;   

(2) the shape of the common overlap region. 

 

Final scoring and ranking :- For each potential solution the final score is the 

combination of all the scores calculated by the algorithm. When performing extensive 

database searches it is difficult to consider more than one solution for each comparison.          
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In these applications, select only one solution with the highest value of the final score that 

maximizes the similarity with the searched pattern. Ignore the other solutions obtained 

for the same comparison. However, in other applications the number of output solutions 

is user defined and can be much larger.                     

 

Complexity and running times:-  The overall complexity of our algorithm is dominated 

by the complexity of the matching and low-resolution scoring stage. The worst case 

theoretical complexity of an algorithm is O(n3m4). In practice, this bound is much lower, 

since there is a limited number of congruent triangles with similar physico-chemical 

properties. In addition, since only in triangles that represent potential binding patterns, it 

limit the side lengths of the considered triangles to be within a limited predefined range. 

Therefore, the practical running times of the method are proportional to O(nm2). 
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Experimental Work  
 
A lipase is a water-soluble enzyme that catalyzes the hydrolysis of ester bonds in water–

insoluble, lipid substrates. Lipases thus comprise a subclass of the esterases. 

To find the binding sites, firstly compare the regioselectivity and catalytic sites of 

different lipases and which metal ion is present and its coordination. 

Table 1. shows the coordination ,regioselectivity, name of metal ions present in various 

lipase and their catalytic sites from XRD and from SiteEngine. 

S 
. 
N
o. 

Name Metal  
ion 

Coordination Regiosele- 
ctivity 

Catalytic    
sites (from 

XRD) 

Catalytic 
sites from 
site engine 

1. Pseudomo- 
nas glumae 
lipase14 

 

Ca2+ 

 
Ca2+is bonded with O-
valine295, Asp241, 
O- Asp287, and O- 
Gln291and 2H2Omol-
ecules 

Non-
specific 

Asp263, 
Ser87,  
His285 

Arg94, 
Ala97, 
Ser181, 
Leu184 
 

2. Burkholder- 
ia cepacia15 

  

Ca2+ 

 
Ca2+ is bonded with 2 
carboxylate group of 
Asp242 and Asp288, 
2 carboxylate group 
of Gln292andVal296 
and 2 H2O molecules 

Non- 
specific 

Ser82, 
Asp264, 
His286 

Leu17, 
Ser82, 
Ala217, 
Asp264, 
Val258, 
His286 

3. Pseudomon-
as 
aeruginos16

 

Ca2+ 

 
Ca2+ bonded with 2 
carboxylate grop of 
Asp209,andAsp253,c
arbonyl O- of 
Gln257and 
Leu261and 2 H2O 
maolecules 

Non- 
specific 

Ser82,  
Asp229,  
His 251 

Met16, 
Leu17, 
His81, 
Ser82, 
Leu231, 
His251, 
Leu252 

4. Chromobac- 
terium 
viscosium17  

Ca2+ 

 
Ca2+ bonded with 4 
oxygen of protein, 2 
molecules of water. 

Sn-1,3 Ser87, 
Asp263, 
His285 

Thr129, 
Ser135, 
Asp157, 
Gln158, 
Leu161 

5. Bacillus 
Stearother- 
mophile18

 

Zn2+ 

 
Zn2+ is bonded by 2 
Histidine and 2 
Aspartate acid 
residues. 

Sn-1,3 Ser,  
His,  
Asp 

Val33, 
Ala186, 
Val196, 
Pro283, 
Glu284, 
Ala292, 
Ile293 
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6. Candida 
rugose19

 

Glyce
-rol 

 Non-
specific 

Ser209, 
Glu341, 
His449 

Asn16, 
Ala17, 
Ile19, 
His151, 
Tyr458 

7. Candida 

antartica20 

 

   
sn-1,3 

Ser, 
His, 
Asp 

Thr40, 
Leu140, 
Ala141, 
Ala276, 
Val285, 
Gly288 

8. Human 

pancreatic 

lipase21 

 

Ca2+ 

 
  

sn-1,3 
Phe196, 
Leu172, 
Asp195, 
His282 

Leu42, 
Thr132, 
Glu197, 
Glu201, 
Asp265 

9. Human 

gastric 

lipase22 

 

NAG NAG is coordinated 
with 
Asn15,Asn80,gln252,
gln308 

Sn-3(acid 
stable) 

Ser153, 
His353, 
Asp324 

Lys189, 
Leu191, 
Gly226, 
Lys323, 
His353 

11
. 

Human Bile 
salt-stimulat 
ed lipase23 

 

 

 

 

 
 
 

Non 
specific 

Gly107, 
Ala108, 
Ser194, 
Ala195, 
Asp320, 
His435 

Arg106, 
Gly107, 
Leu110, 
Ile323, 
His435 

12
. 

Dog gastric 

lipase24 

 

  
 
 
 

Sn-1,3 Leu67, 
Ser153, 
Gln154, 
Asp333 
His353. 

Leu67, 
Leu68, 
His152, 
Ser153, 
His262, 
Asn263, 
Leu326, 
His353 
 

13
. 

Geotrichium 

candidium 

lipase25 

 

NAG 

NDG 

 Non-
specific 

Ser217, 
Glu334, 
His463, 
Ala132, 
Ala218 

Gly130, 
Ala132, 
Leu467, 
Leu306, 
Tyr135, 
Ser217 

14
. 

Bacillus 

subtilis 26 

glyce

rol 

 Sn-1,3 Ile12,  
Ser77,  

Ile12, 
His76, 
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lipase Met78, 
Asp133, 
His156 

Met78, 
Ala105, 
Arg107, 
Leu108, 
Val136, 
Met137 

15 Rat 

pancreatic 

lipase27 

 

 

 

 Non-
specific 

Phe77,  
Leu153, 
Asp176, 
His263 

Phe77, 
Ile210, 
Leu213, 
Ile248, 
Phe258 

16 Humicola 

lanigunosa 

lipase28

 

 

 
 
         

 
Sn-1,3 

Ser, 
His, 
Asn 

Ser83, 
Asn92, 
Leu93, 
Val203, 
Pro207 

17 RP2 lipase 

from guinea 

pig29

 

Ca2+

 
 
 

 
Sn-1,3 

Phe77,  
Leu153, 
Asp176, 
His263 

Phe77, 
Ser212, 
Leu153, 
Gly236, 
His263, 
Thr239 
 

18 Rhizopus 

niveus 

lipase30  

 

 

 

 
 
 
 

 
 
Non-
specific 

Ser, 
Asn, 
His 

Tyr28, 
Thr83, 
Asn84, 
Phe86, 
Ile90, 
Phe95, 
Ala110 
 

19 Candida 

cylindracia 

lipase31  

 

 

 

 Non-
specific 

Ser209, 
Glu341, 
His449 

Met82, 
Gln83, 
Lys85, 
Pro92, 
Gln93, 
Ile127 

20 Rhizomuco

r miehei 

lipase32

 

 

  
 
 

Ser, 
His, 
Asp 
 

Arg178, 
Ile204, 
His207, 
Pro210, 
Val249, 
Thr252 

21 Rhizopus 

oryzae 

  
 

 
Sn-1,3 

Ser, 
His, 
Gln 

His152, 
Ile212, 
Pro235, 
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lipase33  Leu308, 
Thr353 

22 Serratia 

marcescen

s lipase34  

 

Ca2+

 Non-
specific 

Ser207, 
His314, 
Glu321 

Thr143, 
Leu150, 
Ile155, 
His206, 
Ser207, 
His314, 
Ile308 

23 Geobacillu

s thermoc- 

Ca2+

Zn2+

MPD 

EGC 

 
 
 

Non-
specific 

Phe17, 
His113, 
Ser258 

Phe17, 
Thr18, 
Trp20, 
His113, 
Ser114, 

Atenulatus 

liapse35  Val188, 
Ile320, 
His359 

24 Geobacillu

s zalihae 

lipase36

Ca2+  

Cl- 

Zn2+

 
sn-1,3 

Phe, 
Ser, 
His 

Asp76, 
Lys138, 
His140, 
Val142, 
Leu144 

 
Output of catalytic sites from SiteEngine of various lipase:- 
 
Catalytic site of pseudomonas glumae lipase  
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Catalytic site of Burkholderia Cepacia from SiteEngine 
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Catalytic site of Porcine pancreatic procolipase whose structure is determined by NMR 
 

 
 
 
 
 
 
Results an Discussion 
 

In SiteEngine, the binding sites calculates by these are almost the same as that of given 

by XRD in pdb with few exceptions i.e. Human pancreatic lipase, Candida antartica 

lipase. The active site from XRD of Human pancreatic lipase are Phe, Leu, Asp, His but 

comes from SiteEngine are Ile, Arg, Asn, Glu, Ser etc.   

 

The amino acids comes from SiteEngine in  Dog gastric lipase, Pseudomonas cepacia 

lipase, and Pseudomonas aeruginose lipase are exactly the same as that of given in XRD. 

From SiteEngine we come to know about whether amino acids are conserved or not. 

From site engine, active sites of lipase whose structure is known with NMR can also be 

calculated. But to check whether that sites are accurate or not we have to do docking. but 

due to lack of time I was not able to perform.  
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Fig III:   Comparison of structure of lipase solved by XRD and given by SiteEngine 

 

Conclusion 

Recognition of functional sites in protein structures is extremely important for various 

biological applications, such as prediction of function and ligand binding.  SiteEngine 

search large protein surfaces to recognize such sites and make predictions in seconds. 

One of the main advantages of the method is its speed, which is obtained due to the 

following factors:  

(1) Introduction of a low-resolution surface representation via chemically important        

surface points;  

 (2) hashing and matching triangles of physico-chemical properties; 

 (3) application of hierarchical scoring schemes for a thorough exploration of global and    

       local similarities. 

 

However, SiteEngine is a software tool and therefore is limited in the quality of its 

biological predictions. It recognizes geometrically and chemically similar regions that 

belong to totally unrelated proteins. However, these similarities do not necessarily imply 

similarity in the binding partners and in the biological functions. SiteEngine can provide 

a list of proteins that are most likely to behave similarly to a binding site of interest. 
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Weaknesses of the method are the requirement of high-resolution protein structures and 

addressing protein molecules as rigid bodies. Protein flexibility is addressed only through 

a set of thresholds that allow a certain variability in the locations. These are definitely 

insufficient for efficient searches of binding sites that can bind large flexible molecules. 

Other limitations that influence the quality of the results are implied by the screening 

applications and are general to the problem. One is the absence of a clear definition of 

what exactly is a functional site and what are the features that define it. When the binding 

site is defined by its contacts with the smaller ligand, a significant amount of information 

may be missed. As a result, essential features might be ignored and the extracted pattern 

might be partially aligned to other functionally different binding sites. There is no simple 

automatic solution to this problem. One possibility is the construction of a database of 

consensus binding patterns, common to all proteins with the same function. Another 

problem is assessing the statistical significance of the obtained results. These are strongly 

influenced by the number of functional sites of the same type present in the searched 

database. 
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