PROFIS: Design of structurally-novel drug candidates
by probing molecular fingerprint space with RNNs
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drug target. In conjunction with this predictive model, a Bayesian
search algorithm is used to identify the fingerprint embedding
vectors which are expected to yield active structures upon decoding. training set SROFIS training set SROFIS

This study demonstrates the application of this protocol to
generate candidate ligands of dopamine D2 receptor.
't emphasizes the effectiveness of our approach in scaffold hopping,
which is i1s a method of designing ligands outside the already
explored chemical space. The PROFIS protocol is versatile and it
can be employed for any biological target, given the availability
of a dataset of known binders.

METHODS

OT
°

- 2« 10
Py
N” )
p O 0
0O
0O
H
N/\l NH
|

O

fongie> 011«53

&,

H

Molecular Fingerprint

SMILES encoding

o Generated compounds
s NH; e The structures produced by PROFIS exemplify the
outcome of a classical scaffold-hopping strategy
‘) CH3 applied to molecules from the D2R ligands set.
B  Majority of the molecules generated by PROFIS
(N)C(=O)clceeeeld (~90%) are based on novel scaffolds, with no similar
Training scaffolds (Tanimoto distance < 0.4) found in the
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oredicted activity » The candidate D2R ligands generated by PROFIS exhibit stronger D2R binding affinities
than a random CHEMBL32 database sample (Mann-Whitney U test, p < 0.00005).

* |f docked to a structurally-unrelated protein (ChokE, bacterial acetylcholinesterase), docking
score distributions of the random database sample, PROFIS-generated molecules anad
known D2R ligands overlap. This serves as a proof of our model’s capacitiy to generate
target-focused compound libraries.

RESULTS

The cornerstone of our generative model is a low-dimensional embedding space of
molecular FPs, which can be effectively searched for subspaces that represent
structures of potent ligands. To enable this task, a QSAR model in the form of an activity
classifier is trained on the embedded fingerprints.

For this study, we sourced a dataset of 92391 D2R ligands with known Ki values from
ChEMBL32 database and assigned those of Ki < 100 nM to the positive class, and the rest
to the negative class. We developed a series of QSAR latent space classifiers and
compared their performance with analogous models trained on uncompressed
fingerprints. The latent classifiers (SVM, XGB and MLPs) succesfully aquired the capacity of
identifying embeddings that corespond to D2R ligands of high biological activity.
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