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Compute propensity for different “probes” to
appear at grid points
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Simulation-Based Modeling

Grids of this type are sometimes used to accelerate
computation of scoring functions in docking programs
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Simulation from physical principles is difficult
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Knowledge-Based Modeling
Train on distributions of ligand atoms in bound proteins
to develop predictive model for new binding sites

[Laskowski96]
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Knowledge-Based Modeling

Train on distributions of ligand atoms in bound proteins
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Binding site matching with grid correlation <=
o Fast rotational matching

Searching a database with grid signatures
o Power spectrum signature

Results

Discussion

Matching with Grid Correlation

The correlation (dot product) between two grids
provides a good measure of similarity
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Fast Rotational Matching (2D)

Given two molecules ...

Molecule

Matching with Grid Correlation

The correlation (dot product) between two grids
provides a good measure of similarity
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Fast Rotational Matching

Goal: given two sets of grids (representing molecules),
find the maximal correlation over all rotations

o

[Kovacs et al., 2002]

Fast Rotational Matching (2D)

1. Compute grids representing molecules

Molecule 2D Grid




Fast Rotational Matching (2D)

2. Decompose grids into concentric circles

Molecule 2D Grid

Fast Rotational Matching (2D)

4. Convolve to compute correlation for all rotations
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Fast Rotational Matching (2D)

5. Check correlation at every rotation to find maximum
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Fast Rotational Matching (2D)

3. Represent grids as 1D functions of angle for all circles

’E*ﬁ

Molecule 2D Grid Cir
Functions

Fast Rotational Matching (2D)

4, Convolve to compute correlation for all rotations
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Fast Rotational Matching (3D)

Similar to 2D, but spheres instead of circles
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Fast Rotational Matching (3D)

Key step is inverse Wigner—D transform

-> > > Correlation in
Frequency
Domain

Molecule 3D Grid  Spherical Harmonic
Functions Decompositions
[Kovacs et al., 2002]

Fast Rotational Matching (3D)

Theoretical complexity:
o Complexity is O(N%) for NxNxN grid, rather than O(N®)
o Complexity of Wigner-D-! independent of #fields/molecule
* Complexity independent of #atoms

Practical complexity (times in seconds):
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Theoretical complexity:

o Complexity is O(N%) for NxNxN grid, rather than O(N®)
e Complexity of Wigner-D-! independent of #fields/molecule
* Complexity independent of #atoms

Practical complexity (times in seconds):
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One-by-one matching is slow for large database

Best Match
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Searching a Database Searching a Database

Compute signature for binding site and Desirable properties for molecular signatures:
search for matches to signatures in database « Concise

Quick to compute

Indexible

Insensitive to noise

Invariant to transformations

Discriminating

Conservative —
Best Match

Binding Site

base of Model Signature
Binding Site Models

Searching a Database Searching a Database

Use quick, conservative cull to find possible matches Use quick, conservative cull to find possible matches
and perform detailed match only for the best candidates and perform detailed match only for the best candidates

Database of Molecules Database of Molecules
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Power Spectrum Signature Power Spectrum Signature

Given two proteins ... 1. Build models of binding sites

Protein Protein Model of

Binding Site




Power Spectrum Signature Power Spectrum Signature

2. Build spherical functions for concentric shells 3. Decompose the spherical function at each radius
at different radii into spherical harmonics

=
i

Protein Model of Protein Model of Spt al Spt al
Binding Site  Functions Binding Site Functions ~ Harmoni
(for each radius)

Power Spectrum Signature Power Spectrum Signature

4. Store amplitude of spherical harmonic coefficients 5. Define distance (dissimilarity) between binding sites
for every frequency and radius in harmonic descriptor as L? distance between harmonic descriptors

Protein Model of Spherical Spherical Harmonic Protein Model of Spherical Spherical Harmonic
Binding Site  Functions Harmon Descriptor Binding Site  Functions ~ Harmonics Descriptor
adius) (for each radius)

Power Spectrum Signal

Main properties:
e Fast, concise, robust, indexible, etc.
o Invariant to grid orientations
e Works for multiple grids per binding site
» Conservative approximation

Results g
Discussion




“Leave-one-out” classification experiment
« Match every ligand against all the others in data set
e Log a “hit” when best match performs same reaction

AT « Report percentage of hits (correctly classified ligands)
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Classification Results Classification Results

Classification rate: | AR SiteGrid

LigandGrid = 94%
LigandSig =89%

ClippedGrid = 65%
ClippedSig  =71%
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Conclusion Conclusion

Grid-based representations of binding sites
is interesting, but needs work ...
» Grid matching algorithms work pretty well
when given a good model and the right center
» Bottlenecks right now are mainly
segmentation and modeling
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