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Matched Molecular Pairs
A medicinal chemistry tool

“A Matched Molecular Pair is a pair of compounds that only differ 
by a single localized structural change” [1]

[1] Kenny, P. W. and Sadowski, J. (2005) Structure Modification in Chemical Databases, in Chemoinformatics in Drug Discovery (ed T. I. 
Oprea), Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, FRG.



  

Computationally efficient algorithm to identify MMPs[1]

Systematic generation of all MMPs in chemical data sets

[1] J. Hussain & C. Rea, J. Chem. Inf. Model. 2010, 50 (3), 339 



  

Computationally efficient algorithm to identify MMPs
Systematic generation of all MMPs in chemical data sets
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Computationally efficient algorithm to identify MMPs
Systematic generation of all MMPs in chemical data sets

Tasuldine (expectorant)



  

Computationally efficient algorithm to identify MMPs
Usage and limitations of Hussain's method 

Problems:
● The Hussain's algorithm 

identifies many MMPs and 
generates “too many” 
transformations

● In the original publication, 5.3 
million MMPs identified (2.5 
million unique transformations) 
for a dataset of 330'000 
compounds generating 21.7 
million fragmentations

Usage:
● Mainly identification and 

prediction of activity cliffs (SAR 
Maps)

Illustration from: D. Stumpfe & J. Bajorath, RSC Adv. 2012, 2, 369 



  

Can we use Hussain's method to help chemists designing better drugs?
Some thoughts on what I wanted to achieve 

● The traditional MMP analysis approach allowed us to answer the question:
“What is the effect of the replacement of side chain X to side chain Y on various properties 
(lipophilicity, membrane permeability, …)”

● What scientists expected to get:
Easy guidelines = a catalog of transformations so solve MedChem issues

● New paradigm: LUCID
Instead of searching for the effect of specific replacements, LUCID helps the chemists 
optimizing various properties by suggesting potentially beneficial replacements

LUCID is based on the Hussain's method, but suggests a lower number of relevant MMPs



  

Using Hussain's method to extend traditional MMP analysis
Supervised multidimensional optimization of drugs 

● Define the size of the replacement
● Define the local similarity of the core
● Select required features in the replacement (aromatic ring, …)
● List of properties (physchem, safety, …) to optimize
● Define the site(s) of transformation



  

LUCID
\'lü-s d\ǝ

“Very clear and easy to understand”
“Able to think clearly”
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LUCID web interface
Interactive visualization of Chemical Space and MMPs



  

LUCID web interface
Interactive selection of the site of transformation



  

LUCID web interface
Chemical space around one constant fragment, colored by the 
selected property



  

LUCID web interface
Transformation at the selected site, colored by the number of “good” 
properties 



  

LUCID web interface
Pairs of compounds (MMPs) corresponding to the selected 
transformation



  

Excel export
Transformations (left) and MMPs of one particular transformation 
(right)
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