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Background
In deciding if a compound is worth making medicinal chemists 
need to consider a number of factors including:
• does it fit with the known SAR?
• does it explore new interactions or regions of space?
• does it have good physico-chemical properties?

Summarizing the SAR content of large compound series in a 
single informative picture is challenging. Traditional 3D-QSAR 
techniques have been used for this purpose, but are known to 
perform poorly where the structure-activity landscape is not 
smooth. 3D Activity cliff analysis has the potential to explore 
such rugged SAR landscapes: pairs of compounds with a high 
similarity and a large difference in activity carry important 
information relating to the factors required for activity. However, 
looking at pairs of compounds in isolation makes it hard to 
pinpoint the changes which consistently lead to increase 
potency across a series.

Similarly, summarizing the regions and interactions that have 
been explored in a single picture is not trivial, especially if the 
electrostatic character of compounds is to be considered (e.g., 
replacement of electron rich with electron poor rings). 

Here we present Activity Atlas, a new technique to analyse a 
series of compounds and derive a global view of the structure-
activity relationship data.
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Conclusion
The Activity Atlas technique is a powerful way of summarizing 
SAR data in 3D. By combining information across multiple 
pairs, it enables a global view of the critical points in the 
activity landscape. The Average of actives summary captures 
in one picture the 3D requirements for potency, while the 
Regions explored summary enables  prioritizing compounds 
which add crucial SAR information over trivial analogues.
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Methodology

Align molecules to
one or more references using a 

combination of shape and fields1

Compute
3D similarity matrix
across all alignments

Calculate field 
differences for each 
pair of alignments

Less active More active

Map field differences on a 3D grid, 
weighted by Δactivity and similarity to get 
a global view at the activity cliff landscape

Application to selectivity

Application to a set of adenosine receptor antagonists with 
activities against A1, A2a and A3 receptors3 demonstrates the 
utility of the technique in locating critical regions for selectivity. 
Examination of the steric and electrostatic maps for the three 
subtypes clearly shows which regions should be targeted in 
order to enhance subtype selectivity.
In the example above, the right hand side of the molecules can 
be used to discriminate between A3 and the other two subtypes, 
while A1 and A2a can be separated by increasing steric bulk and 
positive charge around the top of the molecules.

More +ve More -ve Steric Bad Steric Good

Calculate
individual 
fields

Map fields on a 3D grid

Activity Atlas takes into account multiple alignments, weighted by their probability to be correct:

1) Based on the distance from the top result
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% of alignments within 2.0 Å RMSD 
from the PDB 3D coordinates
vs similarity to the referenceHigh similarity score, so 

overall alignment is likely 
to be correct

Alignment score close to 'best' 
alignment, so reasonable 
chance of being correct

Alignment score a long way 
below 'best' alignment, so no 
chance of being correct

Analysing multiple alignments 
per molecule enables the 
technique to account for 
uncertainties in the orientation 
of flexible side chains not 
represented in the reference(s). 

Accounting for uncertainties in the alignment

2) Based on the absolute similarity value (CCDC-AZ dataset)

Larger 
substituents 
disfavoured here

Strong signal that benzyl here 
is favoured (steric shape, 
electrostatic pattern)

No strong 
SAR here

Electron-deficient
aromatic favoured

No information 
on NH3 - always 
present

+ Small halogen required
here (sterics + negative)

Activity cliff summary

More +ve

More -ve

Steric Bad

Steric Good

A traditional 3D-QSAR model2
was built on the same data set 
(q2 = 0.7). While 3D-QSAR 
seems better at extracting 
information where SAR is 
continuous, Activity Atlas 
gives more definition in 
regions where SAR 
requirements are critical.

The Regions explored summary gives a 
comprehensive 3D picture of the regions 
explored in electrostatic and shape space.
A novelty score is assigned to each compound, 
enabling to predict whether newly designed 
candidates are likely to contribute additional 
SAR knowledge, and are thus worth making. 

Average of actives summary

+ve

-ve

Shape

This picture summarizes electrostatic and shape properties 
which consistently lead to potent ligands across the series.

Find what active 
molecules have
in common

Find which
regions have
been fully explored

Regions explored summary

+ve -ve Shape
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