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1. Introduction
Similarity search of compounds is often applied in drug discovery with the aim of
finding molecules which have similar properties to an initial compound of interest.
An important application of similarity search is scaffold hopping which aims to find
compounds that are structurally diverse, while sharing a biological activity [1].
Several methods of scaffold hopping have been proposed so far [2]. Here we propose
a new scaffold hopping method based on Inductive Logic Programming (ILP) [3].

2. Method
ILP algorithms are designed specifically to learn human-readable rules from
observed relationships in positive and negative examples. The inter-relationships of
the component atoms in active and inactive scaffolds were used by the learning
algorithm as part of the background knowledge. We assigned pharmacophore types to
each atom of every scaffold to develop the background knowledge. The coordinate
information of atoms was also included along with pharmacophore types. A typical
piece of background knowledge could be as follows.
Scaffold 1000 is active.
Atom a10 in scaffold 1000 is a lipophilic atom.
The x, y and z coordinate of atom a10 are respectively 5.40, 1.21, -1.82.

In the above, ‘1000’ is a scaffold name and ‘a10’ is a unique label for an atom in
scaffold 1000.
ILP learns rules describing combinations of spatial relationships between
pharmacophore types. An example of such a rule might be as follows.
Scaffold X is active if
X contains atoms A, B and C, and
the distance between atom A and B is 8.8±0.5Å, and
the distance between atom B and C is 4.8±0.5Å, and
the distance between atom A and C is 12.9±0.5Å, and
A and C are lipophilic atoms, and B is an acceptor atom.

The predictions of these rules can be represented as a binary string. Each bit in a
binary string corresponds to an individual rule and has the value 1 when the rule
covers the scaffold and has the value 0 when the rule does not. The Jaccard coefficient
was used for calculating the similarity between binary strings of scaffolds.
This ILP-based scaffold hopping method was compared to two previous algorithms
(CATS [1], and CATS3D [4]) on ten datasets with diverse scaffolds.

3. Results and Discussion
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Figure 1 shows the total numbers of
retrieved scaffolds for the ten datasets.
40
For all the values of x considered in the
35
top x% of the ranked test dataset, more
30
active scaffolds are retrieved by the
25
ILP-based method compared to CATS
20
and CATS3D. The ILP-based method is
15
significantly better than random selection
10
while the other two algorithms are not.
5
In addition, the ILP-based method
0
retrieved new active scaffolds which were
0%
20%
40%
60%
80%
100%
the top x% of ranked test datasets
not found by CATS and CATS3D. We
conclude that our method is at least as Fig. 1. The total number of retrieved active
scaffolds in the top x% of the ranked test
good as the other methods in this study.
ILP produces human-readable rules, dataset.
which makes it possible to identify the
three-dimensional features that lead to
scaffold hopping (Figure 2). A minor
variant of a rule learnt by ILP for scaffold
hopping was subsequently found to cover
an inhibitor identified by an independent
study. This provides a successful result in Fig. 2. 3D depiction of an example rule learnt by
a blind trial of the effectiveness of ILP to the ILP-based method (triangles).
generate rules for scaffold hopping.
The future study would include using new atom types or different similarity
measures, learning more diverse rules, and, combining learnt rules with other
algorithms.
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