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Molecular similarity

» Applications in drug development:
Enrichment / focused libraries
Quantitative structure-activity relationships
De novo design

Virtual screening
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» Quantum methods are computationally infeasible on this scale

» Similarity principle (Johnson & Maggiora, 1990)
“Similar molecules tend to exhibit similar properties”

» Abundancy of specialized similarity measures



The vectorization-based approach

Uses established vector-based methods
Uses descriptors to represent molecules as vectors
Many molecular descriptors

Descriptor selection is NP-hard

Advantages:
> simple & works

> uses existing techniques

Disadvantages:
> Interpretation of results unintuitive

» Loss of information, introduction of noise



Non-vector based similarity measures

Alternative: Direct comparison of non-vector based models

Example: Use methods from graph theory on molecular graphs

> Several approaches

v

Spectrum-based
Subgraph matching
Random walks
Optimal assignments
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» Separating all non-isomorphic graphs is NP-complete



Optimal assignments

G=(V,E), G = (V' E’) are two molecular graphs.
Idea:
» Compute matrix X € [0, 1]IVI*IV'l of pairwise vertex similarities

» Match vertices so that sum of similarities is maximal

Example:

X1 2 3 4 5 6 71
1 .50 .50 .98 .00 .00 .00 .00
2 .89 .98 .50 .34 .17 .16 .11
3
4
5

.38 .33 .00 .91 .20 .13 .14
.20 .24 .00 .17 .77 .81 .67
.13 .11 .00 .14 .78 .68 .96
> =464 (.78 normalized)

Glycine Serine

How to compute X7



Iterative graph similarity

» Problem: Compute a pairwise atom similarity matrix X
> Idea: Vertices are similar if their neighbours are similar.
» Recursive definition leads to a non-linear system of equations

> Solved by iteration
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for a = 3, k,(a, b) = ke(a, b) = 1o—p



Retrospective results

Virtual screening using support vector machines for binary
classification. 10 runs of 10-fold stratified cross-validation.

Comparison against “standard” descriptor/kernel combinations:

Dataset Standard cc ISOAK cc

Drug rbf/gc 0.745 + 0.04 dppp/dbond 0.777 +0.04
AChE rbf/gc 0.874 £ 0.13 delem/none 0.926 + 0.09
COX-2  poly/gc 0.861 + 0.09 dppp/dbond  0.858 + 0.09
DHFR  rbf/cats2d 0.983 £ 0.05 none/none  0.994 + 0.03
FXa poly/cats2d 0.945 + 0.05 echarge/none 0.973 + 0.03
PPAR rbf/cats2d  0.822 +0.12 dppp/none  0.989 + 0.09

Thrombin poly/cats2d 0.891 + 0.07 dppp/dbond 0.930 + 0.06

rbf = radial basis function kernel, poly = polynomial kernel
gc = Ghose-Crippen descriptor, cats2d = CATS2D descriptor
ISOAK = iterative similarity optimal assignment kernel

cc = correlation coefficient



Conclusions

Summary:
» “Direct” comparison of molecules (no vectorization) is possible

» Introduction of a novel molecular similarity measure based on
iterative graph similarity and optimal assignments

» Encouraging results.

Future work:
» Directly solving the underlying non-linear system of equations
» Making the similarity measure positive semidefinite

» Obtaining prospective results.



Thank you for your attention.
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