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Introduction

 Overview of the WizePairZ approach

 Pushing the ‘leading edge’

 Assuming additivity

 WizePairZ applied to a public dataset

 Implementation of WizePairZ

 Selecting significant transformations
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Problem with Drug Discovery Projects
 Desired activities (such as 

potency) can correlate with 

undesired properties (such 

as hERG), through 

lipophilicity
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 Achieving a breakthrough 

requires pushing the 

‘leading edge’

 Properties of molecules are 

also governed by molecular 

structure, not just 

lipophilicity

 Transformations orthogonal 

to the leading edge

 Exploit the structural 

variations to push the 

leading edge



WizePairZ - Overview
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 Performs match pairs for 

each compound in the set

Etc.



WizePairZ - Overview

 Store the transformation 

and associated change in 

properties
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 Performs match pairs for 

each compound in the set

 Looks at the maximum 

common substructure for 

each pair and throws the 

pair away if there is less 

than 90% in common



WizePairZ - Overview

 Apply the transformations 

to the existing compounds 

 Can any existing compounds 

be modified (pair does not 

exist?

 Do they push the leading 

edge?
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 Store the transformation 

and associated change in 

properties

Lipophilicity/Undesired Activity
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 Performs match pairs for 

each compound in the set

 Looks at the maximum 

common substructure for 

each pair and throws the 

pair away if there is less 

than 90% in common

 Multiple transforms 

suggesting the same 

compound



Histone Deacetylase Inhibitor data set*
Structure R1 R2 Compound logD7.4 HDAC pIC50

CN 3 1.58 7.77 ± 0.69

CH3 13a 1.18 7.67 ± 0.14

CN 13b 1.22 8.01 ± 0.35

Cl 13c NV 7.73 ± 0.06

F 13d 1.69 7.30 ± 0.24

CH3 14a 1.20 7.73 ± 0.40

CN 14b 1.14 8.01 ± 0.18

Cl 14c 1.81 7.79 ± 0.25

F 14d NV 7.42 ± 0.35

CH3 15a 1.44 7.72 ± 0.16

CN 15b 1.28 7.98 ± 0.07

Cl 15c 1.68 7.88 ± 0.79

F 15d 1.60 7.48 ± 0.08
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Identification of Potential Matched Pairs
 Do the MCS
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Match Pair Verification
 Do the MCS

 Spot the difference
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Definition of Local Environment Shells
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 Do the MCS

 Spot the difference

 Levels of chemical environment 

for the transformation

 Up to 4 fragments for each 

difference
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Encoding the SMIRKS String
 Do the MCS

 Spot the difference

 Levels of chemical environment 

for the transformation

 Up to 4 fragments for each 

difference

 Generate the SMIRKS
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[c:6][c:11]([H])[c:10]([c:9]([n:8])[c:12])[Cl]>>[c:6][c:11]([H])[c:10]([c:9]([n:8])[c:12])[C]#[N]



Aggregation of Transformations
 Do the MCS

 Spot the difference

 Levels of chemical environment 

for the transformation

 Up to 4 fragments for each 

difference

 Generate the SMIRKS

 Remove atom mappings from 

SMIRKS
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[c:7]([H])>>[c:7][F] [c:18]([H])>>[c:18][F]

cH.cF



Aggregation of Transformations
 Do the MCS

 Spot the difference

 Levels of chemical environment 

for the transformation

 Up to 4 fragments for each 

difference

 Generate the SMIRKS

 Remove atom mappings from 

SMIRKS

 Combine all identical 

transformations

 Associate with data for the 

transformation
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Number of observations (N)
The number of compound pairs that 

generate a transformation

Lingo Tanimoto (Sim)
The average Tanimoto using Lingos

between all the compounds in the 

set that generates a single 

transformation



Application of Extracted Transformations
 Do the MCS

 Spot the difference

 Levels of chemical environment 

for the transformation

 Up to 4 fragments for each 

difference

 Generate the SMIRKS

 Remove atom mappings from 

SMIRKS

 Combine all identical 

transformations

 Associate with data for the 

transformation

 Apply transformations on seed 

compounds to enumerate virtual 

libraries

 Estimate property values
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Results
 18 unique transformations generated for HDAC data set

 Application to seed compounds identified compound 13c (and 14d –

not shown) multiple times (not used to generate transformations) 
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WizePairZ Platform
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Internet Explorer 

(Adobe Flex + Java)
Job submission, job removal, 

job status, results export

Spotfire
SAR visualisation, ‘drill-down’ 

to transformation examples, 

product visualisation, ‘drill 

down’ to seed molecules 

Python / OEChem (HPC)

MCS searches, SMIRKS, enumerations

MySQL
Database with tables containing: user details, actual compounds, 

molecule data, matched pairs, SMIRKS, aggregated transformations, 

seed molecules, product compounds etc.

Corporate 

Database



WizePairZ Interface
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View WizePairZ Results in Spotfire
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Select a 

transformation 

and drill-down 

to the original 

data with this 

hyperlink



Drill-down to Original Pairs Data
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Transformation 

Application†

WizePairZ

Identify 

transformations

Incorporation*
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Results
Compounds

Screening data

Transformations

(Drug Guru†)

Problem 

compound

Suggested 

compound

Make 

& Test

*Griffen, Future Medicinal Chemistry 1 (2009) 405

†Stewart et al., Bioorg & Med Chem 14 (2006) 7011

Assign 

significance and 

filter



Assign Significance and Filter

 Select a desired cut-off for the property change

 E.g. want the potency to change by >0.3 log units

 Estimate a probability that the transformation will result in 

the desired property change

 Based on the Cumulative Distribution Function

 Modified by

 Number of times the transformation has been observed

 The Lingo Tanimoto distance between the compounds 

producing the transformation

 More observations and more diversity engenders more 

confidence

 Select the probability you’d accept and use these 

transformations
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Effect of N and Sim for hERG Data 
 >40,000 IC50 measurements, ~350,000 transformations
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Delta vs Lingo

IT03423 IonWorks hERG assay - IC50 Mean pIC50 (Lingo_Q...

Delta vs N

IT03423 IonWorks hERG assay - IC50 Mean pIC50 (Observat...Sim (Lingo Tanimoto) N (Number of Observations)
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Cumulative Distribution Function (CDF)
 Based on an assumed normal distribution
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Where erf is the error 

function, which can be 

expressed as a Taylor 

expansion



Corrected Cumulative Distribution 
Function (CCDF)

 Comparison with an external test set demonstrated this 

function improves on the estimated probability that a given 

transformation would make the required change
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SimadjustNadjustCDFCCDF 

NNadjust  exp1

10exp
Sim

Simadjust




Where
These functions were derived by 

eyeballing the data and optimising 

the coefficients with multiple data 

sets



Observed vs Predicted Probabilities for 
External hERG Test Dataset
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Summary

 How WizePairZ works

 Automatically identifies and extracts matched molecular pairs from 

a collection of compounds

 Associates the transformations with property changes

 Exploits the transformations to suggest compounds with improved 

properties

 Application of WizePairZ to drug discovery

 Individual drug discovery project problems

 Converting corporate databases into knowledge for DrugGuru-like 

systems

 Assigning significance to transformations

 Adjust the cumulative distribution function with a term for the 

number of observations and another for the similarity 
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SPARE
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 Assume normal distribution for a set of 

ΔpIC50 values

 Mean and Std_Dev from Observations

 Estimate probability of success with the CDF

where erf is the error function, expressed as 

a Taylor expansion

Cumulative Distribution Function (CDF)

Experimental Error

CDF = 0.84
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