
ChemSpider

How a Structure-Centric 
Community for Chemists 

Can Benefit Drug Discovery

Antony Williams 
(ChemZoo Inc)



A Conversation of Possibilities. What if…?

• 25 million structures from vendors, patents and publications 
were freely available online?

• What if this collection could be filtered according to multiple 
targets, physchem properties, structure fragments and….

• What if all chemical vendor collections were freely available 
online, and updated daily?

• What if Pubmed Central were structure searchable?

• What if public domain chemistry data could be curated, 
tagged, enhanced in real time online?



Example Search 1

• Text Search – Identifier  e.g. Quesnoin



Example Search 1



Example Search 1



Example Search 2

• Property Search



Example Search 2



Complex Search



Search Open Access Journals –
ChemSpider



Search PubMed – ChemSpider



ChemSpider Data

• The database PRESENTLY contains close 
to 20 million compounds obtained from
– Chemical vendors
– Publishers
– Commercial Database Vendors
– US and international patents
– Structure aggregators
– Scraped from websites
– Deposited by users



Quality is a Major Issue



Curators - An Active Community

• Daily crowdsourced curation underway – about 
40 curation emails per day, 100 identifiers per 
day removed, approved or added



Multi-level Curation and Approval



Post Comments, Add Data

• Ability to curate and add to the database .
– Add structures
– Add data (spectra, CIFs, images) 
– Add links to other pages (URLs)
– Add publication details



ChemSpider – Research in Progress

• ChemSpider for the purpose of online 
virtual screening 

• Applying descriptors of various types to 
filter a database of 20 million compounds

• In progress:
– Utilizing SimBioSys’ LASSO Descriptor
– Collaboration based on ECCR’s ChemModLab



LASSO 
Ligand Activity by Surface Similarity Order 

• LASSO uses 23 kinds of Interactive 
Surface Point Descriptors and
– is conformation independent
– screens at 1 million structures/min
– is proven to enrich screened 

databases
– provides scaffold hopping

• Hbond Donors (5 kinds)
• Acceptors (5 kinds)
• Ambivalent H donor/acceptor
• Aromatic Pi-stacking (5 kinds)
• Hydrophobic (3 kinds)
• Metal ions
• Misc (Sulfur, Halogens)

http://dx.doi.org/10.1007/s10822-007-9164-5



LASSO Descriptors on ChemSpider

• 40 target receptors chosen 
– From the Database of Useful Decoys dataset
– http://dud.docking.org./
– Brian Shoichet, UCSF

• Wide range of receptor classes
• Each target family had 10s-100s of known actives
• Actives used as query files for LASSO
• LASSO similarity descriptors generated across all 

40 targets and deposited on ChemSpider



LASSO Descriptors on ChemSpider



LASSO Searching Method 1 LASSO 
Searching Method 1

• Example question: “What are the top 1000 
molecules with LASSO descriptors similar to 
the actives for the Estrogen Receptor”



LASSO Searching Method 2



Example for ER enrichment

• Remember : DUD ER training set

• KIERBL Dataset (EPA’s DSSTox)
– Estrogen Receptor Binding Ki values for 50 

compounds of environmental relevance: Laws et. al. 
Toxicol Sci. 2006 Nov; 94(1):46-56. Epub 2006 Aug 29

• 15 “binders”: 3-5x weaker the natural ligand 17-
beta-estradiol

• 14 million structure subset of LASSO descriptors 
• Are known actives recovered?



Enrichment Plot
Enrichment plot 

LASSO & ChemSpider tested with ER agonist
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• 60% of actives were recovered in the top 1% of the database
• “Environmental binders” are weak binders! 
• Top ranked compounds might be active ER binders
• Candidates for experimental investigation?



Data are 1 Week Old
Work to be Done Yet To Validate Further

• Run LASSO descriptors on remaining 
members of database

• Use PhysChem filters at time of Searching 
(already pre-calculated and in properties)

• Use Structure filters at time of searching
• Use Patent filters at time of searching
• Validate on real examples from drug 

discovery



FDA’s NCTR AR (Androgen Receptor) 

• 203 chemicals with relative binding 
affinities and activity threshold classes 
– (a) strong 
– (b) moderate 
– (c) weak
– (d) inactive/non-binding ligands



General Trends? 

Enrichment plots: LASSO & ChemSpider tested 
with AR + ER 
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ChemModLab + ChemSpider
ECCR at North Carolina State

Statistical
Analysis

Statistical 
Model

Selected
Compounds

Initial
Compounds

Active
Compounds

Screen
Compounds

Collection



ChemModLab

Methods include:
• Trees: randomForest, rpart, tree
• Neural networks
• k-nearest neighbors
• Support vector machines
• Partial least squares
• Partial least squares with linear discriminant analysis
• Least angle regression
• Ridge regression
• Elastic net
• Principal components regression
• Family ensemble of k-nearest neighbors, using 70% selection
• Family ensemble of tree, using 70% selection
• Family ensemble of rpart, using 70% selection
• randomForest using 70% selection



AID460

The Penn Center for Molecular Discovery

Cathepsin L

57,821 compounds tested

100 nominally active compounds

48 / 100 retested active



Results

2M commercial compounds taken from ChemSpider.

Batches of 50k compounds processed. 

42 batches on 12 processors takes about 12 minutes.

Top 1000 predicted compounds selected

Best model was Random Forest



PowerMV, 1000 predicted actives



Similarity Set 1



Similarity Set 2



ChemSpider and ChemModLab

• ChemSpider is a rich compound collection
– Integrated to patents
– Integrated to literature
– Integrated to chemical vendors

• ChemModLab is an online QSAR modeling 
service

• Mashing together offers great opportunities
• Similar opportunities with UNC-Chapel Hill’s 

Carolina Cheminformatics WorkBench



How Many People Visit ChemSpider?

• 1 year online >4000 unique visitors per day
• >3000 web service calls per day –

increasing as more vendors integrate



A Conversation of Possibilities. What if…?

• 20 million structures from vendors, patents and 
publications ARE freely available online?

• This collection CAN be filtered according to multiple 
targets, physchem properties, structure fragments

• Chemical vendor collections ARE freely available 
online, and updated regularly?

• Pubmed Central will soon be structure searchable?
• Public domain chemistry data CAN BE curated, 

tagged, enhanced in real time online?
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Where to from here? Short term

• Integrated text and structure/substructure 
searching of the Open Access literature and 
Pubmed is in development (close)

• Batch-deposition system for large structure files 
and associated data (close)

• Web-based scraping of structure-based 
information in development

• Enhanced web services layer for vendors and 
companies to integrate searches

• Open Notebook Science support
• Deposit latest SureChem Patent Database



Where to from here? Mid-term

• Spidering for Chemistry – extract data from 
articles, webpages and data sources and 
stay within copyright

• Deeper integration to text-based searching 
and conversion of chemical names to 
structures for online structure searching: 
– Improved integration with NCBI Entrez system
– Integration to Google Scholar (?)
– Integration to Microsoft Live Academic (?)


