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Outline 

ÅFragments as the building blocks of chemistry 

ÅFragments and SAR 

ÅFragments and activity profiles 



Big Data for Some Problems 

ÅHalevy et al discuss the effectiveness of 
extremely large datasets 

ÅTheir application focuses on machine 
translation ς see the Google n-gram corpus 

ÅThey suggest that such extremely large datasets 
are useful because they effectively encompass 
all n-grams (phrases) commonly used 

ÅDomain is relatively constrained 

Halevy et al, IEEE Intelligent Systems, 2009, 24, 8-12 
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Google Scale in Chemistry? 

ÅWhat would be the equivalent of an n-gram 
corpus in chemistry? 
ïFragments 

ïA more direct analogy can be made by using [LbDhΩǎ 

ÅIt is possible to generate arbitrarily large (virtual) 
compound and  fragment collections 

ÅBut would such a collection span all of 
άŎƻƳƳƻƴƭȅ ǳǎŜŘέ ŎƘŜƳƛǎǘǊȅΚ 
ïDepending on the initial compound set, yes 

ï.ǳǘ ǿŜΩǊŜ ŀƭǎƻ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƎƻƛƴƎ ōŜȅƻƴŘ ǎǳŎƘ ŀ 
άŎƻƳƳƻƴƭȅ ǳǎŜŘέ ǎŜǘ 

Fink T, Reymond JL, J Chem Inf Model, 2007, 47, 342 
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What Do We Do with Fragments? 

ÅAssuming we obtain fragments from a large 
enough collection what do we do? 

ïLearning from fragments ς QSARs, generative 
models 

ïUse fragments as  
filters, alternative  
to clustering 

ïExplore chemotypes 
and activity 

ïScaffold level promiscuity 

 
White, D and Wilson, RC, J Chem Inf Model, 2010, 50, 1257-1274 
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Scaffold Activity Diagrams 

ÅNetwork oriented view of fragment (scaffold) 
collections 
ïSimilar in idea to 

Scaffold Hunter etc 

ïNot purely hierarchical 

ÅColor by arbitrary  
properties 

ÅQuickly assess utility 
of a scaffold 

ÅTry it online  
 

http://tripod.nih.gov/ws/sad/sad.jnlp


What Makes a Good Scaffold? 

ÅWhat makes a good 
scaffold? 

ï{ƛȊŜΣ ŎƻƳǇƭŜȄƛǘȅΣ Χ 

ïDo the members 
represent an SAR or not? 

ïIntuition and experience 
also play a role 



Scaffold QSAR 

Evaluate topological  
and physicochemical  
descriptors for the  
R-groups 

Fit PLS or ridge 
regression model 

Characterize the  
SAR landscape 



Scaffold QSAR - Drawbacks 

ÅMany scaffolds have few (5 to 10) members 

ÅInvariably, more features than observations 

ÅIf the number of R-groups is large, the feature 
matrix can be very sparse 

ïLess of a problem for combinatorial libraries 

ÅA linear fit may not be the best approach to 
correlating R-groups to the activities 

ïDifficult to choose a model type a priori 



Fragment Activity Profiles 

ÅUsing scaffolds in HTS triage usually leads to 
two questions 

ïWhat is known about the chemical series with 
respect to the intended target? 

ïWhat compound classes are known to modulate 
the intended target & how similar are they to 
series in question 

Å²ŜΩǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŜȄǇƭƻǊƛƴƎ ǎǳƳƳŀǊƛŜǎ ƻŦ 
activity, grouped by scaffolds and targets 



Fragment Activity Profiles 

ÅWe use ChEMBL (08) as the source of 
bioactivity across multiple targets 

ÅPreprocess the database 

ïGenerate scaffolds (exhaustive enumeration of 
ŎƻƳōƛƴŀǘƛƻƴǎ ƻŦ {{{wΩǎύ 

ïNormalize activity data so that we compare the 
activity of a molecule across different assays 



Database Setup 

ÅPreprocessing steps available as a Java servlet 

ïhttp:// tripod.nih.gov/files/chembl-servlets.zip 

ÅNeed ChEMBL installed in Oracle; we add 
some extra tables 

ïFragment structures and computed properties 

ïAggregated assay activity summary 

Åhƴƭȅ ŎƻƴǎƛŘŜǊ ŀǎǎŀȅǎ ǿƛǘƘ L/рлΩǎ ƛƴ nM and uncensored 
data, more than 5 observations and a MAD > 0 

ï(Robust) z-scored activities 

 

http://tripod.nih.gov/files/chembl-servlets.zip
http://tripod.nih.gov/files/chembl-servlets.zip
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Some Fragment Statistics 

ÅConsidered Z-score range of -40 to 15 

ÅThere were 12,887 molecules lying outside 
this range 

log(Number of molecules)

P
e
rc

e
n

ta
g

e
 o

f 
a
s
s
a

y
s

0

5

10

15

1.0 1.5 2.0 2.5

Z-score

N
u

m
b

e
r 

o
f 

c
o
m

p
o

u
n
d

s

0

10

20

30

40

50

-40 -30 -20 -10 0 10



Some Fragment Statistics 

ÅNext, identify fragments with 8 to 20 atoms 
and occurring in 100 to 900 molecules 

ÅGives us 1,746 fragments 
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Some Fragment Statistics 

ÅWe can query the fragment tables to get 
activity summaries  
for individual  
fragments 

ÅFor these examples 
we consider the 
full range of Z- 
scores 
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Exploring Activity Profiles 

Fragments from ChEMBL 

Activity distributions 
of parent molecules  
across all targets Z-scores for individual 

molecules against a  
specific target 



Exploring Activity Profiles 

ÅUser can draw a molecule and fragment on 
the fly 

ÅUse generated 
fragments to  
create  
activity  
histograms 



Target Selection 

ÅEmploys the ChEMBL 
target hierarchy 

ÅCan select target  
families or individual 
targets 



Similar Fragments with Similar Profiles? 

ÅConsider 658 fragments with > 10 atoms and 
occurring in 500 to 1200 molecules 

ÅOverall, the fragments 
tend to be dissimilar  

ï95th percentile is just 
0.50 

Å1,873 pairs do exhibit 
Tc > 0.8 

 

Tanimoto Similarity
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Comparing Activity Profiles 

ÅCompare activity profiles with the K-S statistic 

ÅColor corresponds to  
p-value of the K-S test 

ÅNo obvious correlation 
between fragment 
similarity & activity 
profile similarity 

ÅProbably not rigorous 
when a scaffold has few 
parent molecules Tanimoto Similarity
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Exploring Profiles for Fragment Pairs 

ÅCompare activity 
distributions across 
all targets in a 
pairwise fashion 

ÅCan also generate 
comparison for a 
single target, but 
requires data for all 
the fragments 



Looking for Selective Fragments 

ÅInteresting to visually explore fragment pairs 

ÅCan become tedious, especially in a database 
as big as ChEMBL 

ÅCan we automate this type of analysis? 

ïIdentify fragment pairs with very different activity 
distributions? 

ïIdentify fragments with a preference for a certain 
target (class)? 



Targetwise Activity Profiles 

ÅEvaluate mean activity of parent molecules within a target 
class 

ÅCount number of parent molecules tested against the 
target 

ÅSelectivity of 1-phenylimidazole for CYP450 has been noted 
 

Wilkinson et al, Biochem Pharmacol, 1983, 32, 997-1003 


