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Introduction 
 

Pharmacophore modelling is one of the most basic concepts in medicinal 

chemistry, yet the current approaches face several limitations, such as 

partial coverage of chemical subspace of ligands of particular target, 

exploration of limited conformational space and, as a result, low-feature 

hypotheses with low selectivity potential. Recently published idea of using 

linear combination of pharmacophore hypotheses [1] allowed creation of an 

effective feature mapping protocol solving the aforementioned problems. 

 

Methodology 
 

In this study, the linear combination of hypotheses was applied to explore 

the space of dual 5-HT1A/SERT ligands (Figure 1). Query on the latest version 

of ChEMBL database [2] resulted in 4427 active ligands for 5-HT1A receptor 

(with Ki or equivalent equal or less than 100 nM), 3806 actives for SERT and 

532 compounds with dual activity. Compounds with confirmed inactivity 

(with Ki or equivalent more than 1000 nM - decoys) were also fetched from 

the ChEMBL database (1230 for 5-HT1A, 1726 for SERT and 200 compounds 

with confirmed inactivity for at least one of beforementioned targets). 

MOLPRINT2D fingerprints were generated for all sets of actives and used as 

input for Hierarchical Clustering Tool implemented in Canvas software [3]. 

Singletons and small clusters (less than 4 compounds) were rejected. 

Clustering resulted in 33 clusters for 5-HT1A receptor ligands , 32 clusters for 

SERT ligands and 27 subgroups for dual compounds.  

 

For representative compounds selected from each cluster, separate 

pharmacophore hypotheses were generated and tested using Phase software 

[4]. All of them mapped at least half of the ligands used for their 

development. The best hypothesis for each cluster was selected on the basis 

of following criteria: maximal number of features, the highest number of 

matched representative compounds, and the highest value of selectivity 

score. Not all clusters returned pharmacophore hypothesis (27 hypotheses 

out of 33 clusters for 5-HT1AR, 21 out of 32 for SERT and 20 out of 24 for 

dual ligands) Pharmacophore models were tested on three different test 

sets (actives, decoys and assumed inactives (fetched from DrugBank), each 

containing 200 compounds), and characterized by MCC coefficient, which 

was an average from MCC coefficients obtained for combinations of 

actives/decoys and actives/assumed inactives. Next, the MCC coefficients 

for all possible linear combinations of hypotheses were calculated by an 

in-house script until the maximum MCC values were reached (Figure 2). Both 

approaches were tested on validation set of all unused dual ligands (234 

compounds) and randomly selected ZINC compounds (2394 – ratio 

actives/inactives 1:9; with typical features for serotonin receptors ligands – 

aromatic system and polarizable nitrogen atom). 

 

Conclusions 
 

Results (Figure 1) indicate that a combination for dual ligands is slightly 

more robust in active/inactive discrimination and less time-consuming (19 

maping procedures for combination of dual ligands vs 22 in total for 

individual targets), however, separate combinations for each target present 

a valid alternative in case of limited number of dual ligands available for 

training (e.g. only 7 dual ligands for 5-HT6/SERT and 24 structures for 

5-HT7/SERT). Hypotheses for dual ligands are statistically more complex 

than hypotheses developed for individual targets (averagely 5.75 features 

per cluster vs 4.84) which influences on combination’s selectivity.  
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Figure 2. An optimization MCC curve for the ligands of the investigated 

targets and dual ligands. Arrows indicate the maximum values of MCC 

reached a rate of 0.490 for SERT for 14 hypotheses, of 0.639 for 5-HT1A for 8 

hypotheses and of 0.597 for 19 hypotheses for dual ligands.  

 

 

Figure 1. The development of an optimal combinations of pharmacophore 

models. 
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