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Building a Structure Centric Community for Chemists

ChemSpiderChemSpider DataData

The database PRESENTLY contains > 21.5 million The database PRESENTLY contains > 21.5 million 
compounds obtained fromcompounds obtained from

Chemical vendorsChemical vendors
PublishersPublishers
Commercial Database VendorsCommercial Database Vendors
US and international patentsUS and international patents
Structure aggregatorsStructure aggregators
Scraped from websitesScraped from websites
Deposited by usersDeposited by users
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Common Questions Asked of Common Questions Asked of ChemspiderChemspider

What is the structure of What is the structure of ““insert nameinsert name””??
What is the name of What is the name of ““insert structureinsert structure””??
Where can I find information about Where can I find information about ““insert nameinsert name””??
Where can I buy some Where can I buy some ““insert nameinsert name””
Where can I find more information about Where can I find more information about ““insert nameinsert name””
What is the What is the ““insert propertyinsert property”” of of ““insert nameinsert name””
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Tell me about Tell me about XanaxXanax....
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Tell me about Tell me about XanaxXanax
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Balloon CallBalloon Call--Out AssistantOut Assistant
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Links to KEGGLinks to KEGG
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MeSHMeSH
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WikipediaWikipedia
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Multiple Journal ArticlesMultiple Journal Articles



Building a Structure Centric Community for Chemists

WhatWhat’’s it called???s it called???
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LogPLogP? ? LogDLogD? PSA?? PSA?
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EPISuiteEPISuite Predictions & Experimental DataPredictions & Experimental Data
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Are you kidding?Are you kidding?
Log Log OctanolOctanol--Water Partition Water Partition CoefCoef (SRC): Log (SRC): Log KowKow (KOWWIN v1.67 estimate) = 3.87 Log (KOWWIN v1.67 estimate) = 3.87 Log KowKow ((ExperExper. database . database 

match) = 2.12 match) = 2.12 ExperExper. Ref: . Ref: BioByteBioByte (1995) Boiling Pt, Melting Pt, Vapor Pressure Estimations (MPBP(1995) Boiling Pt, Melting Pt, Vapor Pressure Estimations (MPBPWIN v1.42): WIN v1.42): 
Boiling Pt (deg C): 441.81 (Adapted Stein & Brown method) MeltinBoiling Pt (deg C): 441.81 (Adapted Stein & Brown method) Melting Pt (deg C): 185.42 (Mean or Weighted MP) g Pt (deg C): 185.42 (Mean or Weighted MP) VP(mmVP(mm
Hg,25 deg C): 1.65EHg,25 deg C): 1.65E--008 (Modified Grain method) 008 (Modified Grain method) SubcooledSubcooled liquid VP: 7.84Eliquid VP: 7.84E--007 mm Hg (25 deg C, Mod007 mm Hg (25 deg C, Mod--Grain Grain 
method) Water Solubility Estimate from Log method) Water Solubility Estimate from Log KowKow (WSKOW v1.41): Water Solubility at 25 deg C (mg/L): 13.1 log (WSKOW v1.41): Water Solubility at 25 deg C (mg/L): 13.1 log KowKow
used: 2.12 (used: 2.12 (expkowexpkow database) nodatabase) no--melting pt equation used Water Sol Estimate from Fragments: melting pt equation used Water Sol Estimate from Fragments: WatWat Sol (v1.01 Sol (v1.01 estest) = ) = 
0.15855 mg/L ECOSAR Class Program (ECOSAR v0.99h): 0.15855 mg/L ECOSAR Class Program (ECOSAR v0.99h): Class(esClass(es) found: Aliphatic Amines Henrys Law Constant (25 ) found: Aliphatic Amines Henrys Law Constant (25 
deg C) [HENRYWIN v3.10]: Bond Method : 9.77Edeg C) [HENRYWIN v3.10]: Bond Method : 9.77E--012 atm012 atm--m3/mole Group Method: Incomplete Henrys LC m3/mole Group Method: Incomplete Henrys LC 
[VP/[VP/WSolWSol estimate using EPI values]: 5.117Eestimate using EPI values]: 5.117E--010 atm010 atm--m3/mole Log m3/mole Log OctanolOctanol--Air Partition Coefficient (25 deg C) Air Partition Coefficient (25 deg C) 
[KOAWIN v1.10]: Log [KOAWIN v1.10]: Log KowKow used: 2.12 (exp database) Log Kaw used: used: 2.12 (exp database) Log Kaw used: --9.399 (9.399 (HenryWinHenryWin estest) Log Koa (KOAWIN v1.10 ) Log Koa (KOAWIN v1.10 
estimate): 11.519 Log Koa (experimental database): None Probabilestimate): 11.519 Log Koa (experimental database): None Probability of Rapid Biodegradation (BIOWIN v4.10): ity of Rapid Biodegradation (BIOWIN v4.10): 
Biowin1 (Linear Model) : 0.6009 Biowin2 (NonBiowin1 (Linear Model) : 0.6009 Biowin2 (Non--Linear Model) : 0.2660 Expert Survey Biodegradation Results: BioLinear Model) : 0.2660 Expert Survey Biodegradation Results: Biowin3 win3 
(Ultimate Survey Model): 2.2574 (weeks(Ultimate Survey Model): 2.2574 (weeks--months) Biowin4 (Primary Survey Model) : 3.1733 (weeks ) MITI months) Biowin4 (Primary Survey Model) : 3.1733 (weeks ) MITI 
Biodegradation Probability: Biowin5 (MITI Linear Model) : Biodegradation Probability: Biowin5 (MITI Linear Model) : --0.1488 Biowin6 (MITI Non0.1488 Biowin6 (MITI Non--Linear Model): 0.0042 Linear Model): 0.0042 
Anaerobic Biodegradation Probability: Biowin7 (Anaerobic Linear Anaerobic Biodegradation Probability: Biowin7 (Anaerobic Linear Model): Model): --0.4906 Ready Biodegradability Prediction: 0.4906 Ready Biodegradability Prediction: 
NO Hydrocarbon Biodegradation (NO Hydrocarbon Biodegradation (BioHCwinBioHCwin v1.01): Structure incompatible with current estimation method! v1.01): Structure incompatible with current estimation method! Sorption Sorption 
to aerosols (25 Dec C)[AEROWIN v1.00]: Vapor pressure (liquid/to aerosols (25 Dec C)[AEROWIN v1.00]: Vapor pressure (liquid/subcooledsubcooled): 0.000105 Pa (7.84E): 0.000105 Pa (7.84E--007 mm Hg) Log 007 mm Hg) Log 
Koa (Koa (KoawinKoawin estest ): 11.519 ): 11.519 KpKp (particle/gas partition (particle/gas partition coefcoef. (m3/ug)): Mackay model : 0.0287 . (m3/ug)): Mackay model : 0.0287 OctanolOctanol/air (Koa) model: /air (Koa) model: 
0.0811 Fraction 0.0811 Fraction sorbedsorbed to airborne particulates (phi): to airborne particulates (phi): JungeJunge--PankowPankow model : 0.509 Mackay model : 0.697 model : 0.509 Mackay model : 0.697 OctanolOctanol/air /air 
(Koa) model: 0.866 Atmospheric Oxidation (25 deg C) [(Koa) model: 0.866 Atmospheric Oxidation (25 deg C) [AopWinAopWin v1.92]: Hydroxyl Radicals Reaction: OVERALL OH v1.92]: Hydroxyl Radicals Reaction: OVERALL OH 
Rate Constant = 7.6246 ERate Constant = 7.6246 E--12 cm3/molecule12 cm3/molecule--sec Halfsec Half--Life = 1.403 Days (12Life = 1.403 Days (12--hr day; 1.5E6 OH/cm3) Halfhr day; 1.5E6 OH/cm3) Half--Life = 16.834 Life = 16.834 
Hrs Ozone Reaction: No Ozone Reaction Estimation Fraction Hrs Ozone Reaction: No Ozone Reaction Estimation Fraction sorbedsorbed to airborne particulates (phi): 0.603 to airborne particulates (phi): 0.603 
((Junge,MackayJunge,Mackay) Note: the ) Note: the sorbedsorbed fraction may be resistant to atmospheric oxidation Soil Adsorptfraction may be resistant to atmospheric oxidation Soil Adsorption Coefficient ion Coefficient 
(PCKOCWIN v1.66): (PCKOCWIN v1.66): KocKoc : 2.151E+006 Log : 2.151E+006 Log KocKoc: 6.333 Aqueous Base/Acid: 6.333 Aqueous Base/Acid--Catalyzed Hydrolysis (25 deg C) Catalyzed Hydrolysis (25 deg C) 
[HYDROWIN v1.67]: Volatilization from Water: Henry LC: 9.77E[HYDROWIN v1.67]: Volatilization from Water: Henry LC: 9.77E--012 atm012 atm--m3/mole (estimated by Bond SAR Method) m3/mole (estimated by Bond SAR Method) 
HalfHalf--Life from Model River: 1.053E+008 hours (4.388E+006 days) HalfLife from Model River: 1.053E+008 hours (4.388E+006 days) Half--Life from Model Lake : 1.149E+009 hours Life from Model Lake : 1.149E+009 hours 
(4.786E+007 days) Removal In Wastewater Treatment: Total removal(4.786E+007 days) Removal In Wastewater Treatment: Total removal: 2.37 percent Total biodegradation: 0.10 percent : 2.37 percent Total biodegradation: 0.10 percent 
Total sludge adsorption: 2.27 percent Total to Air: 0.00 percentTotal sludge adsorption: 2.27 percent Total to Air: 0.00 percent (using 10000 hr Bio P,A,S) Level III Fugacity Model: (using 10000 hr Bio P,A,S) Level III Fugacity Model: 
Mass Amount HalfMass Amount Half--Life Emissions (percent) (hr) (kg/hr) Air 0.000217 33.7 1000 WatLife Emissions (percent) (hr) (kg/hr) Air 0.000217 33.7 1000 Water 21 900 1000 Soil 78.9 1.8e+003 er 21 900 1000 Soil 78.9 1.8e+003 
1000 Sediment 0.094 8.1e+003 0 Persistence Time: 1.48e+003 hr 1000 Sediment 0.094 8.1e+003 0 Persistence Time: 1.48e+003 hr 
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Toxicity/Safety InformationToxicity/Safety Information
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Prediction for Structures NOT on Prediction for Structures NOT on ChemSpiderChemSpider
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Real time prediction Real time prediction –– free of chargefree of charge
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Search Open Access Journals Search Open Access Journals –– ChemSpiderChemSpider
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Open Access Literature SearchingOpen Access Literature Searching
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What is What is ChemSpiderChemSpider now?now?

A chemistry search engineA chemistry search engine
Allows textAllows text--searching of ca. 500,000 open access searching of ca. 500,000 open access 
chemistry articles from over a dozen publisherschemistry articles from over a dozen publishers
Online Online PhyschemPhyschem PredictionPrediction
WebWeb--services for searching and integrationservices for searching and integration
A platform for depositing and A platform for depositing and curatingcurating datadata
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Presently IntegratingPresently Integrating……

ChemSpiderChemSpider will be the smallwill be the small--molecule hub for entering molecule hub for entering 
into protein and pathwayinto protein and pathway--based online resourcesbased online resources

WikiProteinsWikiProteins
WikiPathwaysWikiPathways
Protein Data BankProtein Data Bank
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ChemSpiderChemSpider as a as a ““Property DatabaseProperty Database””
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ChemSpiderChemSpider as a as a ““Property DatabaseProperty Database””
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ChemSpiderChemSpider as a as a ““LigandLigand DatabaseDatabase””
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ChemSpiderChemSpider –– Research in ProgressResearch in Progress

ChemSpiderChemSpider for the purpose of online virtual screening for the purpose of online virtual screening 
Applying descriptors of various types to filter a Applying descriptors of various types to filter a 
database of 20 million compoundsdatabase of 20 million compounds

In progress:In progress:
Utilizing Utilizing SimBioSysSimBioSys’’ LASSO DescriptorLASSO Descriptor
Collaboration based on Collaboration based on ECCRECCR’’ss ChemModLabChemModLab
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LASSO LASSO 
LigandLigand Activity by Surface Similarity Order Activity by Surface Similarity Order 

LASSO uses 23 kinds of Interactive LASSO uses 23 kinds of Interactive 
Surface Point Descriptors andSurface Point Descriptors and

is conformation independentis conformation independent
screens at 1 million structures/minscreens at 1 million structures/min
is proven to enrich screened databasesis proven to enrich screened databases
provides scaffold hoppingprovides scaffold hopping

HbondHbond Donors (5 kinds)Donors (5 kinds)
Acceptors (5 kinds)Acceptors (5 kinds)
Ambivalent H donor/acceptorAmbivalent H donor/acceptor
Aromatic PiAromatic Pi--stacking (5 kinds)stacking (5 kinds)
Hydrophobic (3 kinds)Hydrophobic (3 kinds)
Metal ionsMetal ions
Misc (Sulfur, Halogens) http://dx.doi.org/10.1007/s10822-007-9164-5Misc (Sulfur, Halogens)
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LASSO Descriptors on LASSO Descriptors on ChemSpiderChemSpider

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

Wide range of receptor classesWide range of receptor classes
Each target family had 10sEach target family had 10s--100s of known actives100s of known actives
Actives used as query files for LASSOActives used as query files for LASSO
LASSO similarity descriptors generated across all 40 targets andLASSO similarity descriptors generated across all 40 targets and
deposited on deposited on ChemSpiderChemSpider

http://dud.docking.org./
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LASSO Descriptors on LASSO Descriptors on ChemSpiderChemSpider
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LASSO Searching Method 1 LASSO LASSO Searching Method 1 LASSO 
Searching Method 1Searching Method 1

Example question: Example question: ““What are the top 1000 molecules with What are the top 1000 molecules with 
LASSO descriptors similar to the actives for the Estrogen LASSO descriptors similar to the actives for the Estrogen 
ReceptorReceptor””
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LASSO Searching Method 2LASSO Searching Method 2
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Example for ER enrichmentExample for ER enrichment

KIERBL Dataset (EPAKIERBL Dataset (EPA’’s s DSSToxDSSTox))
Estrogen Receptor Binding Estrogen Receptor Binding KiKi values for 50 compounds of values for 50 compounds of 
environmental relevanceenvironmental relevance: : Laws Laws et. alet. al. . Toxicol Sci. 2006 Nov; Toxicol Sci. 2006 Nov; 
94(1):4694(1):46--56. Epub 2006 Aug 2956. Epub 2006 Aug 29

15 15 ““bindersbinders””: 3: 3--5x weaker the natural 5x weaker the natural ligandligand 1717--betabeta--
estradiolestradiol
14 million structure subset of LASSO descriptors 14 million structure subset of LASSO descriptors 
Are known actives recovered?Are known actives recovered?
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Enrichment PlotEnrichment Plot
Enrichment plot 

LASSO & ChemSpider tested with ER agonist
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60% of actives were recovered in the top 1% of the database60% of actives were recovered in the top 1% of the database
““Environmental bindersEnvironmental binders”” are weak binders! are weak binders! 
Top ranked compounds might be active ER bindersTop ranked compounds might be active ER binders
Candidates for experimental investigation?Candidates for experimental investigation?
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Work to be Done Yet To Validate FurtherWork to be Done Yet To Validate Further

Run LASSO descriptors on remaining members of Run LASSO descriptors on remaining members of 
databasedatabase
Use Use PhysChemPhysChem filters at time of Searching (already prefilters at time of Searching (already pre--
calculated and in properties)calculated and in properties)
Use Structure filters at time of searchingUse Structure filters at time of searching
Use Patent filters at time of searchingUse Patent filters at time of searching
Validate on Validate on real examplesreal examples from drug discoveryfrom drug discovery
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General Trends? General Trends? 

Enrichment plots: LASSO & ChemSpider tested 
with AR + ER 
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““The The ChemSpiderChemSpider ApplianceAppliance””

Queries from Queries from ChemSpiderChemSpider users expose their IP users expose their IP 
We have been told that companies have told their users We have been told that companies have told their users 
to NOT user to NOT user ChemSpiderChemSpider –– NOT because itNOT because it’’s not s not 
useful!useful!

And And so..theso..the ChemSpiderChemSpider ApplianceAppliance……



Building a Structure Centric Community for Chemists

WhatWhat’’s Coming?s Coming?

Watch this spaceWatch this space……....
http://www.collaborativedrug.com/http://www.collaborativedrug.com/

http://www.collaborativedrug.com/
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What ifWhat if……..
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A QuestionA Question……

Is there enough novel chemistry on Is there enough novel chemistry on ChemSpiderChemSpider to be to be 
indexed? indexed? 

Novel fully characterized compounds are deposited on Novel fully characterized compounds are deposited on 
ChemSpiderChemSpider on a weekly basis.on a weekly basis.

Can Can ChemSpiderChemSpider host Open Notebook Science efforts?host Open Notebook Science efforts?
System presently hosts ONS efforts but needs to switch System presently hosts ONS efforts but needs to switch 
workflow from structureworkflow from structure--centric to samplecentric to sample--centriccentric
NeverthelessNevertheless……
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UsefulChemUsefulChem Open Notebook ScienceOpen Notebook Science
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UsefulChemUsefulChem Open Notebook ScienceOpen Notebook Science



Building a Structure Centric Community for Chemists

UsefulChemUsefulChem Open Notebook ScienceOpen Notebook Science
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UsefulChemUsefulChem Open Notebook ScienceOpen Notebook Science
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ConclusionsConclusions

Can a free access structureCan a free access structure--centric community for centric community for 
chemists benefit drug discovery?chemists benefit drug discovery?

Already being used as such Already being used as such –– publications are growingpublications are growing
ONS activities supported on ONS activities supported on ChemSpiderChemSpider –– public drug public drug 
discoverydiscovery
““LigandLigand ScreeningScreening”” proof of concept doneproof of concept done
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