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� Local sequence conservation has been 
discovered via evolutionary method, 
correlating to protein binding/functional 
site.

� Such methods exploit the observation 
that important functional sites in 
proteins usually display a high level of 
conservation. 

� As protein function is activated in 
special protein structure in 3D space 
and also local structure particularly, 
local structure comparison can play an 
important role in detecting local 
structure similarity.
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� Similar function may be conserved in local structure 
region.

� However, proteins with similar functions may not be 
homologues.

� Functional differences might be more obvious from 
structural comparison of functional sites than they 
would be from comparison of sequences or overall 
tertiary structure.

� Protein function correlated with local conserved 
region
� local sequence region
� local structure region
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� Why pair-wise?

� Pair-wise – find the common substructures between protein 
structures

� Multiple – find the common substructures shared by all protein 
structures

� Two important observations
� Protein’s function is affected by its 3D structure
� The functional part is just in some particular protein substructure

� The proteins with similar biochemical function may have/share 
similar/common local substructure.

� Object
� Find the functional local substructure from proteins that have the 

similar biochemical function
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������ ������Similar Substructures Grouping & Representative Pattern Selection
� Group similar substructure by complete linkclustering algorithm
� Representative selection – choose the one that covers the most common structure within 
a cluster

������ ������Substructure Comparison & Similarity Measurement
� Filter out unnecessary comparison pairs by checking the size of substructures.
� Similarity function

������ ������Local Structure Generation via Pair-wise Local Structure Comparison
� Purely structure based comparisonwithout sequence information
� Geometric hashing based approach
� Grouping criteria (5Å, 10Å) for merging small matched resides group to become large 
group

ersides numbmatched reRMSDScoreGH ´=-
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� Pair-wise local protein structure comparison
� EMPSC (Ellipsoidal Model for Protein 

Structure Comparison)

� Preprocessing
� Use DSSP to identify SSE� coil
� Represent SSE and coil by ellipsoidal model

� Structure Comparison
� Use geometric hashing
� Get matching substructure

� Grouping criteria for grouping matched residues
� 5 Å� 10 Å

Ellipsoidal representation
of SSEs & Coil

Filter Coordinative
Candidates

Structure Comparison
(geometric hashing)

Similar Substructure Grouping & 
Representative Pattern Selection

Substructure Comparison & 
Similarity Measurement

Local Structure Generation via 
Pairwise Local Structure 

Comparison
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� Filter – process comparison, when

� Compare each pair of 
substructures with geometric 
hashing
� Similarity function

res.substructu of size  theare S and S  where,8.0
)2,1max(
)2,1min(
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Similar Substructure Grouping & 
Representative Pattern Selection

Substructure Comparison & 
Similarity Measurement

Local Structure Generation via 
Pairwise Local Structure 

Comparison
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� Filter - Filter by matched residue number

� Grouping
� Complete link clustering algorithm

� Representative selection
� For each cluster, we select the one that covers most of common 

structure within a cluster as representative pattern.

ip.relationsh  thisshow  willdiagram below The
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Similar Substructure Grouping & 
Representative Pattern Selection

Substructure Comparison & 
Similarity Measurement

Local Structure Generation via 
Pairwise Local Structure 

Comparison
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� Assumption – similar function could be conserved in 
local structure region

� Goal - Based on functional hierarchical classification, 
find local conservation area via local structure 
comparison

� Enzyme classification (EC)
� Proteins in the same EC family have the same function and 

are derived from different species.
� If proteins with the same EC number, they have the same 

function or biochemical reaction.
� Not all EC families share high sequence identity within EC 

family.
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� Dataset
� We randomly select 10 EC families for mining 

local conserved region.
� 1.6.2.4, 1.1.1.2, 1.1.1.37, 1.2.99.2, 1.8.1.2, 1.12.2.1, 

1.14.13.25, 1.14.99.3, 1.18.6.1, 2.3.1.74

� For each EC family, we randomly select 10 
protein chains.
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882218925210181.1.1.2

10103438747310381.1.1.37

N/AN/A006110010151.2.99.2

984327733610151.8.1.2

N/AN/A00616410161.12.2.1

10105738842910331.14.13.25

882416323610391.14.99.3

992430231210301.18.6.1

10105319424410162.3.1.74

10103348049710181.6.2.4

10Å5Å10Å5Å10Å5Å

Pattern CoveragePattern # Substructure #
Training protein # Protein #EC number

data  trainingof #
pattern with data  trainingof #

eragePatternCov =
.�
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28444444256261.6.2.4

12111111125162.3.1.74

208865554156311.18.6.1

19544432185421.14.99.3

149888666182331.14.13.25

16666222272221.12.2.1

7333333316151.8.1.2

14101010865564151.2.99.2

49191818171313995411.1.1.37

12776555541191.1.1.2

100%90%80%70%60%50%40%30%

BLASTCLUST
# of protein chain# of protein
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� This experiment is try to mine local conserved 
region via pair-wise local structure comparison for 
checking similar function may be conserved in their 
local structure region.

� Pattern coverage only analyzes between training 
data and representative patterns but not all data 
within an EC family.

� We use the distance between patterns and ligand to 
observe the relation of pattern and protein function.
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Areas colored in red, blue, or navy are ligands.
Areas colored in yellow, aqua, or lime are representative patterns.

FMN
EDO

NAP

FMN

FAD
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FAD HEM

EDO

Areas colored in red or blue are ligands.
Areas colored in yellow, aqua, or lime are representative patterns. .&
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HEM

FMN

Areas colored in blueare ligands.
Areas colored in yellow, aqua, or lime are representative patterns.
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� According to functional hierarchical classification, we can mine local 
conservation area close to the location of ligand.

� From our experimental result, local conservation area can be 
discovered by pair-wise local structure comparison.

� Our assumption, similar function could be conserved in local 
structure region, can be found in EC 1.6.2.4 and we have to discuss 
on all EC families to have strong proof for future work.

� Local structure comparison can detect local structure conservation, 
but only structure information is not enough, therefore, the 
combination of both sequence and structure is necessary.
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� Information of combination of 
sequence and structure
� Partial sequence fragment
� Local 3D structure

� Local region representation for 
describing local structure
� Sphere based representation
� Residue-oriented

� Ligand information
� HET tag extraction from PDB
� Contact information between ligand

and local region

NAD
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� Information of combination of 
sequence and structure
� Partial sequence fragment
� Local 3D structure

� Local region representation for 
describing local structure
� Sphere based representation
� Residue-oriented

� Ligand information
� HET tag extraction from PDB
� Contact information between ligand

and local region

NAD

CPK mode representation

Possible local structure
conservation
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