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Introduction 
 

All compounds active at 5-HT1A receptor, and stored in 
ChEMBL database (version from August 2010) [1], were 
extracted from circa 520 papers. Among them, 3616 
were relatively strong binders with Ki (or equivalent) be-
low 100 nM. Interestingly, more than a half (1828) were 
characterized by Ki<10 nM. All those compounds were 
clustered by three different approaches, and cluster rep-
resentatives were used for pharmacophore models de-
velopment. 

Clustering  
procedures 

 
3D Pharmacophore Fingerprints 
(the first approach) and MOL-
PRINT2D Fingerprints [4] (the 
second approach) were first 
generated for all the analyzed 
compounds, and next used as 
an input for Hierarchical Clus-
tering Tool implemented in Can-
vas software [2]. Very small 
clusters (up to 3 elements) 
were merged into special class 
called “outliers”, which, in the 
first case, resulted in 27 classes 
consisting of 8-497 compounds. 
Regarding the second approach, 
only 7 classes were initially 
generated, and so the largest 
cluster (containing 3490 com-
pounds) was further split, re-
sulting in 36 groups with 6–744 
5-HT1AR ligands obtained. The 
third approach All the active 
compounds were manually split 
into groups with a common core 
in multistep process of ligands 
classification. Generally, basic 
scaffolds are similar to those 
described in review papers 
(Lopez-Rodriguez 2002 [5]; 
Caliendo 2005 [6]). This time-
consuming procedure led to 28 
clusters with 17–605 com-
pounds.  

Pharmacophore models  
development 

 
For representative compounds selected from each cluster 
separate pharmacophore hypotheses were generated 
and tested using Phase software [3]. 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 com-
pounds, and the highest value of selectivity score. Phar-
macophore models were tested on three different test 
sets (actives, assumed inactives and decoys, each con-
taining 200 compounds), and characterized by MCC coef-
ficient, which was an average from MCC coefficients ob-
tained for combinations of actives/decoys and actives/
assumed inactives. Next, the MCC coefficients for all pos-
sible linear combinations of hypotheses were calculated 
by an in-house script. In the last step, the best combina-
tion obtained from each approaches was tested on the 
 fourth test set and again characterized by MCC. 

Test sets 
 
The first set (active compounds) comprises from the 
most diverse 5–HT1AR ligands which were not used for 
pharmacophore models development. The second set 
(decoys) was extracted from ChEMBL database, and con-
tained the most diverse compounds with confirmed inac-
tivity to 5-HT1A receptor, i. e. with Ki or equivalent higher 
than 10000 nM). The third set (assumed inactives) in-
cluded compounds from DrugBank database without data 
about activity to 5-HT1A receptor. They all contained two 
main pharmacophore features, i.e. protonable nitrogen 
atom and aromatic fragment. The fourth set (validation 
set) contained all compounds examined at  5-HT1A recep-
tor extracted from the newest ChEMBL version (from May 
2011) which were not included in version from August 
2010. This set consisted of 1475 active compounds and 
287 inactives. 

What does MCC value 
really mean? 

 
Matthews correlation coefficient (MCC) is a measure of the 
quality of binary classifications. The range of MCC is from  
-1 to 1 where value of 1 represents perfect prediction; 0 
random prediction and -1 an inverse prediction. The MCC 
is calculated using the following formula: 

In this equation, TP is the number of true positives 
(actives labeled as actives), TN the number of true nega-
tives (inactives labeled as inactives), FP the number of 
false positives (inactives labeled as actives) and FN the 
number of false negatives (actives labeled as inactives). 
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Conclusions 
 

Results indicate that linear com-
binations of hypotheses are mo-
re efficient than a single hypo-
thesis. Moreover, the best com-
binations of hypotheses are ob-
tained when clustering is     
performed on MOLPRINT2D  
and using random  active test 
set. An additional advantage of 
this approach is its automation 
and speed. It worth noting that 
‘hit-once’ mode is cheaper and 
it performs better than ‘hit-
twice’ mode (Table 5.). This cre-
ates the possibility of applying 
the proposed methodology for 
generating useful models for   
 virtual screening procedure. 

Approach 
Actives Decoys 

MCC 
TP FN TN FP 

1 st 471 1004 250 44 0.135 
2nd 974 501 198 96 0.254 
3rd 832 643 201 93 0.185 

Figure 1. Flowchart of the described methodology. Green arrows indicate steps where test sets were used. 

Clustering 
approach 

Actives Assummed inactives Decoys 
MCC 

TP FN TN FP TN FP 

1st 135 65 196 4 166 34 0.599 

2nd 176 24 183 17 137 63 0.686 
3rd 168 32 186 14 139 61 0.657 

Actives test set se-
lection method 

Actives Assummed inactives Decoys 
MCC 

TP FN TN FP TN FP 
Diversed 141 59 188 12 156 44 0.568 
Populated 159 41 185 15 144 56 0.621 
Random 176 24 183 17 137 63 0.686 

Clustering 
approach Strategy 

Actives Assummed 
inactives Decoys 

MCC 
TP FN TN FP TN FP 

1st 
The best combination (6 el.) 108 92 198 2 168 32 0.496 

The best single hypothesis 57 143 199 1 190 10 0.356 

2nd 
The best combination (11 el.) 141 59 188 12 156 44 0.569 

The best single hypothesis 55 145 199 1 192 8 0.356 

3rd 
The best combination (9 el.) 126 74 193 7 152 48 0.512 

The best single hypothesis 56 144 199 1 183 17 0.323 

Clustering 
approach Strategy 

Actives 
Assummed  

inactives 
Decoys 

MCC 
TP FN TN FP TN FP 

1st 
‘Hit-once’ (6 el.) 135 65 196 4 166 34 0.599 

‘Hit-twice' (11 el.) 112 88 196 4 182 18 0.548 

2nd 
‘Hit-once' (10 el.) 176 24 183 17 137 63 0.686 
‘Hit-twice' (14 el.) 148 52 193 7 173 27 0.645 

3rd 
‘Hit-once' (7 el.) 168 32 186 14 139 61 0.657 

‘Hit-twice' (10 el.) 141 59 189 11 171 29 0.618 
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‘Hit-once’ vs ‘hit-twice’ 
Table 5. Performance comparison for the best combination working in ‘hit-once’ and ‘hit-
twice’ modes generated in each clustering approach. ‘Hit-once’ mode means that compli-
ance with at least one combination element classifying compound as hit. ‘Hit-twice’ enforc-
ing compliance with at least two elements. 

Single hipothesis vs linear combination 
Table 4. Performance comparison for the best combination and for the best single hy-
pothesis generated in each clustering approach. 

Clustering approaches 
Table 2. Performance comparison of linear combinations created on different clustering 
approaches. All results were obtained by using random active test set. 

Table 3. Performance comparison for the best combination from each approach on valida-
tion set. 

Results 
Actives test sets 

Table 1. Performance comparison of linear combination tested on different types of active 
compounds test sets. Diversed - comprises the most diversed actives; Populated - reflects 
distribution of compounds in particular clusters; Random - contains randomly selected ac-
tives. All results derived from 2nd clustering approach. 


