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Phylogenetic analysis

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

site.
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Map evelutionary data to surface

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




Local Structure Generation via Pair-wise Local Stricture Comparison
Purely structure based comparissithout sequence information
Geometric hashing based approach
Grouping criteria (5A, 10A) for merging small matcheddes group to become large

group

Substructure Comparison & Similarity Measurement
Filter out unnecessary comparison pairs by checkingizleo§ substructures.

Similarity function

GH - Score= RMSD" matched rsides numeér
Similar Substructures Grouping & Representative Patern Selection
Group similar substructure ypmplete linkclustering algorithm
Representative selection — choose the one that coversoteommon structure within
a cluster
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Pair-wise local protein structure comparison
EMPSC (Ellipsoidal Model for Protein

Ellipsoidal representation

Structure Comparison)

of SSEs & Cail .
< Preprocessing
l Use DSSP to identify SSE  coil
Filter Coordinative Represent SSE and coil by ellipsoidal model
Candidates
l Structure Comparison

( Structure Comparison
| (geometric hashing)

Use geometric hashing
Get matching substructure

Grouping criteria for grouping matched residues

5A 10A

Filter — process comparison, when

All Local m 3 0.8, whereSi1andS: arethesizeof substructres.
Substructures max(SL, S2)

MNELS) , S5 _o Compare each pair of

max§1S2) | substructures with geometric
hashing

Similarity Similarity function
M(Za:;:]e;?ﬂecm GH - Score= RMSD matched rsides numér
Hashing)

Filter - Filter by matched residue number

matchedreition= 2; 22 ,whereS: andS: arethesizeof substructtes.
2

S1C Sis thenumberf matchedesidues. S
S.E S is thenumberof totalresidue®f twosubstructees. ‘f
Thebelowdiagramwill showthisrelationsiip. 878

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.




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

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.

family.
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BLASTCLUST
# of protein  # of protein chain

EC number Protein# Training protein # Substructure # Pattern# Pattern Coverage 30% 40% 50% 60% 70% 80% 90% 100%
5A 10A 5A 10A 5A 10A 1.6.2.4 26 56 2 4 4 4 4 4 4 28
1.6.24 18 10 497 480 3 3 10 10 1112 19 41 5 5 5 5 6 7 7 12
1.1.1.2 18 10 252 189 2 2 8 8 1.1.1.37 41 95 9 13 13 17 18 18 19 49
11137 38 10 473 387 4 3 10 10 1.2.99.2 15 64 5 5 6 8 10 10 10 14
1.2.99.2 15 10 100 61 0 0 N/A N/A 181.2 15 16 3 3 3 3 3 3 3 7
1.8.1.2 15 10 336 277 3 4 8 9 11221 2 7 5 5 5 5 6 5 5 6

1.12.2.1 16 10 64 61 0 0 N/A N/A
1.14.13.25 33 182 6 6 6 8 8 8 9 14

1.14.13.25 33 10 429 388 7 5 10 10
1.14.99.3 39 10 236 163 4 2 1.14.99.3 42 85 1 2 3 4 4 4 5 19
1.18.6.1 30 10 312 302 4 2 1.18.6.1 31 156 4 5 5 5 6 8 8 20
2.3.1.74 16 10 244 194 3 5 10 10 2.3.1.74 16 25 1 1 1 1 1 1 1 12

PatternCoerage=

#of trainingdatawith pattern

#of trainingdata




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.

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




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.

L7

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

L7

Information of combination of
sequence and structure Possible local structuré

conservation
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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




