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Problem Definition
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Proteins and Ligands

Protein:

— Physical basis of
life.

— Performsvital
functionsin cells.

— Amino acid
sequence folded into
3D structure.

Ligand:

Ligand-

Binding binding site

Ligand é‘%

Protein &~

Protein-Ligand
Complex

— A specific chemical compound that binds to a specific protein to form a

complex.

— Caninhibit, promote, or ater the function of the receptor protein.

Ligand-binding Site

— Theregion in the receptor protein where the ligand binds.
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Ligand-binding Site Detection
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Ligand-binding site detection is
useful for:

+ Protein function prediction
— Proteins that binds to the same ligand tends to have similar
functions.
* Drug discovery
— New drug target identification
— Generation of targeted drug leads like inhibitors
— Side-effect prediction, etc.
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Existing Methods
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Generic Structure Comparison
Methods

» CE, DALI, SSAP, etc.
— Purely geometrical; does not take physicochemical
properties into account.
— Sequential alignment.
— Not suitable for the task of binding site detection.
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Dedicated Binding Site Detection
Methods
« Graph-based
— ASSAM (pseudo-atoms, sub-graph isomorphism)
— eF-site, Cavbase (pseudo-centers, sub-graph
isomorphism)
— SiteEngine (pseudo-centers, geometric hashing)

o~ 0o

 Fingerprint-based
— SiteAlign (cavity fingerprint, fast comparison)
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Limitations of existing methods:

» Graph-based Methods

— Use sub-residue level of representation (pseudo-atoms or
pseudo-centers).

— Accurate but slow.

* Fingerprint-based Methods
— Concise representation and time-efficient comparison.
— Fast, but not accurate.

* Our objective:

— To develop aligand-binding site detection method
that is both accurate and fast. a
IZR
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Our Proposed Method

BSAlign = Binding Site Aligner
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Protein Structure as Graph

« Vertex: each residueis avertex.

« Edge: two vertices are connected if are at most 15A
apart.
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Vertex and Edge Labels

Vertex labels (for residues)
1. Solvent accessihility (%)
Physicochemical property (non-polar, polar, aromatic, positive,
negative)
3. Secondary structure type (helix, sheet, loop)

Edge labels (for relationship between two residues)
1. Distance between CA atoms of two residues
2. Angle between CA-CB vectors of two residues

DSSP Algorithm is used to calculate the solvent accessibilities

and the secondary structures. R
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Detection of Similar Binding Sites

» Represent both the query binding site and the target protein
structure as graphs.

 Find the largest common portions in two graphs (maximum
common sub-graph isomorphism).

Ko & - K

bp O C

» Thelarger the common sub-graph the more similar the
two input structures are.
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Maximum Common Sub-graph
| somorphism
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Edge-Product Graph

« Transform the two input
graphs (binding site and
one for target structure)
into a single edge-product
graph.

 The resultant edge-product

graph depends on the '
CompatlbllltIESOf vertices 11,31 (1,2 11,31 12,3 11,30 (1,4
and edges in two input
graphs.
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Edge-Product Graph

An edge-product graph GP of two input graphs G1 = (V1,F1) and G2 =
(V2,E2) is defined as GP = (VP EP) = (El x £2) in which:

e The vertex set VP of the product graph consists of all the compatible edge
pairs in E'1 and E2. That is, vp; = (el,., €2,) if:
— EC(el,,e2,) = TRUE, and
— (VC(al,,a2,) = TRUE A VC(bl,,02,) = TRUE) Vv
(VClal,,b2,) = TRUE A VC(bl,,a2,) = TRUE)
e There exists an edge hetween two vertices vp; = (el,, €2;) and vp; = (ely, €2,,)
of the product graph if:
— (el #ely) A (€25 # €2,), and
— Either:
% (el, and el; have a common vertex v1,4) A (€25 and €2, have a com-
mon vertex v2,,) A (VC(vly,v2,,) = TRUE), or
% (el, and el; do not have a common vertex) A (€2, and ¢2, do not
have a common vertex)




Vertex and Edge Compatibilities



