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“…to integrate modern computing and information technology 
with molecular biology to improve Agency prioritization of 
data requirements and risk assessment of chemicals”

http://www.epa.gov/ncct

Decision Support Tools for High-Throughput Risk 
Assessment
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Too High a Cost

Cancer
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NeuroTox

ReproTox
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PulmonaryTox
Millions $

Change Needed Because …..

11,000

90,000

…and not enough data.

Judson, et al EHP, 2008

Too Many Chemicals
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ToxCastTM Background
Research program of EPA’s National Center for Computational 

Toxicology (NCCT)
Addresses chemical screening and prioritization needs for 

pesticidal inerts, anti-microbials, CCLs, HPVs and MPVs
Comprehensive use of HTS technologies to generate biological 

fingerprints and predictive signatures
Coordinated with NTP and NHGRI/NCGC via Tox21 
Committed to stakeholder involvement and public release of data

Communities of Practice- Chemical Prioritization; Exposure
NCCT website  http://www.epa.gov/ncct/toxcast
o ACToR http://www.epa.gov/actor/
o ToxRef DB http://www.epa.gov/ncct/toxrefdb/
o DSSTox (PubChem) http://www.epa.gov/ncct/dsstox/
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309 Unique Structures

Replicates for QC

291 Pesticide Actives
9 Industrial Chemicals
13 Parent/Metablolite

pairs

56/73 Proposed Tier 1 
Endocrine Disruption 
Screening Program

14 High Production 
Volume Chemicals

11 HPV Challenge

Chemical Classes in 
ToxCast_320 (Phase I) CHLORINE

ORGANOPHOSPHORUS
AMIDE
ESTER
ETHER
PYRIDINE
FLUORINE
CARBOXYLIC ACID
PHENOXY
KETONE
TRIAZINE
CARBAMATE
PHOSPHOROTHIOATE
PYRIMIDINE
BENZENE
ORGANOCHLORINE
AMINE
PYRETHROID
SULFONYLUREA
TRIAZOLE
UREA
IMIDAZOLE
NITRILE
ALCOHOL
CYCLO
PHOSPHORODITHIOATE
THIOCARBAMATE
ANILINE
THIAZOLE
DINITROANILINE
OXAZOLE
PHOSPHATE
IMINE
NITRO
PHENOL
PHTHALIMIDE
PYRAZOLE
SULFONAMIDE

Misc (<4 members)
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ToxRefDB:  >$1Billion Million Dollars Worth of In Vivo
Chronic/Cancer Bioassay Effects and Endpoints 

Effects & Endpoints
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http://www.epa.gov/ncct/toxrefdb/

• Chemical/Study-centric
• Detailed toxicity data
• Toxicity standards/Data model
• Exportable
• Compatible with multiple platforms

(ACCESS, xml, MySQL)
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ToxCast In vitro HTS Assays

• Cell lines
– HepG2 human hepatoblastoma
– A549 human lung carcinoma
– HEK 293 human embryonic kidney

• Primary cells
– Human endothelial cells
– Human monocytes
– Human keratinocytes
– Human fibroblasts
– Human proximal tubule kidney cells
– Human small airway epithelial cells

• Biotransformation competent cells
– Primary rat hepatocytes
– Primary human hepatocytes

• Assay formats
– Cytotoxicity
– Reporter gene 
– Gene expression
– Biomarker production
– High-content imaging for cellular phenotype

• Protein families
– GPCR
– NR
– Kinase
– Phosphatase
– Protease
– Other enzyme
– Ion channel
– Transporter

• Assay formats
– Radioligand binding
– Enzyme activity
– Co-activator recruitment

Cellular AssaysBiochemical Assays

467 Endpoints



Bioassay DataBioassay Data

ToxCast:  High-Multi-Dimensional Data

HTS Data                  HTS Data                  
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http://www.epa.gov/actor/

•Chemical-centric
•Cross-indexed by CAS, Name, structure
•Environmental tox focus
• > 250 Data Collections, >500K Chemicals
•Annotated by data type/gross phenotype
• Built on publicly available tools 

(MySQL, CDK, EPISuite)



ToxRefDB

320 chemicals x
>450 HTS assays

ToxCast:
Phase I

predictivepredictive
signaturessignatures

ToxCast & Tox21
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ToxCast/Tox21: Chemical Annotation & Data Publication

Summarized 
endpoint data for use 
in SAR modeling

HTS 
data

Register ToxCast/Tox21 
Substances in PubChem

Chemical Annotation
Chemical QC
Sample tracking



ToxCast/Tox21: Chemical Annotation & Data Publication

Summarized 
endpoint data for use 
in SAR modeling

HTS 
data

Register ToxCast/Tox21 
Substances in PubChem

Chemical Annotation
Chemical QC
Sample tracking

Cheminformatics Needs:
Select chemicals for testing

high environmental / tox interest
suitable for testing
chemically diverse
analogs, metabolites, etc

Standardized chemical 
structure/substance annotation across 
all testing & reference inventories

Chemical annotation QC
Analytical QC
Public reporting of data & QC



DSSTox ProjectDSSTox Project

&&

Chemical QCChemical QC
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DSSTox: Distributed Structure-Searchable 
Database Network Project…& ToxCastTM

Publishes high-quality standardized structure-
data (SD) files pertaining to toxicology:

- EPA, HPV-IS, IRIS, NTP, FDA, NCBI, EBI, …
Strict chemical QA procedures 

Public substance/structure ID registry system
DSSTox Structure-Browser

- Search by structure, name, CAS, …
- Similarity & fragment search
- Search within a DSSTox file

- Link-in and link out of browser

14 current files, >15 substances, >10K structures
External links: PubChem, ChemSpider, Lazar, ACToR

Chemical information QA 
and structure annotation

ToxCast Phase I & II
ToxRefDB
Tox21

Primary source of QC’d
structures for ACToR

Facilitate external linkages 
and data publication

Publish summary activities 
and chemical classifiers for 
modeling

PubChem Source 
depositor for structures & 
“assays”

http://www.epa.gov/ncct/dsstox



DSSTox Standard Chemical Fields:DSSTox Standard Chemical Fields:

DSSTox_RID

DSSTox_CID

- defined organic
- inorganic
- organometallic

- parent,
- salt Na, Cl, etc
- complex HCl, H2O, 

mesylate, etc

- single chemical compound
- macromolecule
- mixture or formulation
- unspecified or multiple forms

- description of mixture 
- nature & CAS of components
- tautomers
- stereochemistry

STRUCTURE_ChemicalType

STRUCTURE

TestSubstance_ChemicalName

STRUCTURE_TestedForm_D
efinedOrganic

STRUCTURE_MolecularWeight

STRUCTURE_Formula

STRUCTURE_ChemicalN
ame_IUPAC

STRUCTURE_SMILES

STRUCTURE_Parent_SMILES

STRUCTURE_InChI

ChemicalNote

- tested chemical,
- general form of chemical,
- active ingredient of formulation,
- representative isomer in mixture,
- representative component in mixture,
- monomer of polymer

, simplified to parent 

CH3

O

CH3
TestSubstance_CASRN

TestSubstance_Description

DSSTox_Generic_SIDSTRUCTURE_Shown

DSSTox_FileID



DSSTox Chemical 
Quality Control 
Procedures:

Chemical identification

Structure annotation

Substance details

Label consistency

Internal consistency

PubChem deposits



DSSTox Master File 
Standardized representation of structures (CID) and 

substances (Generic_SID) across all files
Public chemical registry system allows user to create 

database from published DSSTox files



16931 DSSTox Substances



12 DSSTox “Bioassays”

1.   AID 1194: CPDBAS Salmonella Mutagenicity 403    /860 Active
2.   AID 1189: CPDBAS SingleCellCall 806    /1547Active
3.   AID 1205: CPDBAS MultiCellCall 582    /1152Active
4.   AID 1208  CPDBAS Rat Bioassay (M/F/Both) 587    /1240 Active
5.   AID 1199: CPDBAS Mouse Bioassay (M/F/Both) 445    /1007Active
7.   AID 1190: CPDBAS Dog & Primates Bioassay 15       /32 Active
8.   AID 1195: FDAMDD – FDA Maximum Daily Dose 1216  /1216 Active
9.   AID 1204: NCTRER – NCTR Estrogen Receptor Binding 131     /232 Active
10. AID 1188: EPA Fathead Minnow Acute Toxicity 580   /617 Active
11. AID 1201: EPA Disinfection By-Products Carcinogenicity Estimates   80     /209 Active
12. AID 1576: EPA Estrogen Receptor Ki Binding Study (Laws et al) 17      /278 Active
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Gene-expression

Chemical Supplier
Lot/Batch

Certificate of Analysis
Solubility

Purity & Stability

Chemical 
Sample Details

Chemical Name Toxicology literature
Public databases 

Cheminformatics resources
CAS 

SMILES
InChI / Structure

Substance details

Chemical
Annotation

Layer
Cl

Cl
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O

OH



Name is misspelled or 
incorrect

CAS is invalid or retired
CAS and name do not 

agree
Name and structure do 

not agree
Name is insufficient for 

structure assignment
Insufficient description 

of substance

Chemical Annotation 
of Public resources

Generic 
Chemical of 
Toxicological 

Interest

Sample Annotation  
& QC 

Not same as 
generic chemical 

Salt, isomer, …
Name does not 

match COA
hydrate, stereo

Wrong MW, dose
COA purity <90%

Purity <90%
Active impurities
Sample degrades
Rxn with solvent

Chemical Errors in Toxicity Information:Chemical Errors in Toxicity Information:

Procure 
from 

Chemical
Supplier

Name, CAS, 
purity (COA)

MW, dose

IC 50IC 50



Current Guidelines & Chemical Standards in Current Guidelines & Chemical Standards in 
Toxicology & Biological Effects Publishing:Toxicology & Biological Effects Publishing:

Archives of Toxicology
Brain Research Bulletin
Ecotoxicol. Environ. Saf.
Envion Health Perspect
Envion.Sci. Technol.
Environ.Toxicol.Pharmacol.
Environ & Molec Mutagenesis
Environmental Toxicology
International J. of Toxicology
J.Appl.Toxicol.
J Toxicology & Enviro.Health Part A
Neurotoxicology & Teratology
Reproductive Toxicology
Toxicol. Appl. Pharmacol.
Toxicological Sciences
Toxicologic Pathology
Toxicology Letters
Toxicology

Chem. Res.Toxicol.

Nature 
Chem. Biol.

Independent Independent 
Chemical QCChemical QC

Chemical Chemical 
structures & structures & 
hyperlinkshyperlinks

Systematic Systematic 
names names 

encouragedencouraged

“Authors should provide sufficient detail to allow the work to be reproduced.”

Author responsibility



Current Guidelines & Chemical Standards in Current Guidelines & Chemical Standards in 
Toxicology & Biological Effects Publishing:Toxicology & Biological Effects Publishing:

Archives of Toxicology
Brain Research Bulletin
Ecotoxicol. Environ. Saf.
Envion Health Perspect
Envion.Sci. Technol.
Environ.Toxicol.Pharmacol.
Environ & Molec Mutagenesis
Environmental Toxicology
International J. of Toxicology
J.Appl.Toxicol.
J Toxicology & Enviro.Health Part A
Neurotoxicology & Teratology
Reproductive Toxicology
Toxicol. Appl. Pharmacol.
Toxicological Sciences
Toxicologic Pathology
Toxicology Letters
Toxicology

Chem. Res.Toxicol.

Nature 
Chem. Biol.

Independent Independent 
Chemical QCChemical QC

Chemical Chemical 
structures & structures & 
hyperlinkshyperlinks

Systematic Systematic 
names names 

encouragedencouraged

“Authors should provide sufficient detail to allow the work to be reproduced.”

Author responsibility

Survey journal articles over 
4 year period:

Approx 30 cases of reported 
purity (from Supplier)

Aside from reports of new 
compounds (rare), virtually no 
analytical QC follow-up.



“Authors ensure that the chemical compound information within their 
papers is complete, scientifically accurate and appropriately formatted.”

A PubChem link allows users of Nature Chemical Biology to go, in 
a single click, from the mention of a molecule in a paper to a rich 
and growing collection of information about chemical structures 
and their biological assay results, hosted by the NCBI.

“Chemical compound information
For all significant compounds included in 
Nature Chemical Biology original research 
papers, a compound data page, linked 
directly from the compound reference in the 
full text, appears in the online journal.



Carcinogenic Potency Database:Carcinogenic Potency Database:
Hamster Carcinogenicity ResultsHamster Carcinogenicity Results
From CPDB Hamster Table:From CPDB Hamster Table:

NN--NitrosoNitroso--oxopropylchloroethylureaoxopropylchloroethylurea NOCASNOCAS

O

NNH

N
O

CH3

O

Cl

O

N NH

N
O

Cl CH3

O

3-(2-chloroethyl)-1-nitroso-1-(2-oxopropyl)urea N-{[(2-chloroethyl)(nitroso)amino]carbonyl}propanamide

O

N NH

N
O

Cl CH3

O

1-(2-chloroethyl)-1-nitroso-3-(2-oxopropyl)urea

O

NH N
CH3Cl

O

N
O

N-{[(2-chloroethyl)amino]carbonyl}-N-nitrosopropanamide

CPDB Hamster CPDB Hamster 
Carcinogenicity Carcinogenicity 
Data Reference Data Reference 

Rat Cancer Rat Cancer 
Study Study 
(Materials) (Materials) 

Chemical synthesis Chemical synthesis 
paper, NMR, IR paper, NMR, IR 
structure confirmation structure confirmation 



From CPDB Hamster Table:From CPDB Hamster Table:
NN--NitrosoNitroso--oxopropylchloroethylureaoxopropylchloroethylurea NOCASNOCAS

O

NNH

N
O

CH3

O

Cl

O

N NH

N
O

Cl CH3

O

3-(2-chloroethyl)-1-nitroso-1-(2-oxopropyl)urea N-{[(2-chloroethyl)(nitroso)amino]carbonyl}propanamide

O

N NH

N
O

Cl CH3

O

1-(2-chloroethyl)-1-nitroso-3-(2-oxopropyl)urea

O

NH N
CH3Cl

O

N
O

N-{[(2-chloroethyl)amino]carbonyl}-N-nitrosopropanamide

Chemical Chemical 
synthesis paper, synthesis paper, 
NMR, IR NMR, IR 
structure structure 
confirmation confirmation 

IUPAC IUPAC 
NameName

CASCAS
Determined to be same chemical as:
1-(2-Oxopropyl)nitroso-3-(2-chloroethyl)urea    
CAS [110559-85-8] 
Already listed in CPDB Rat and Mouse Table

Carcinogenic Potency Database:Carcinogenic Potency Database:
Hamster Carcinogenicity ResultsHamster Carcinogenicity Results
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Perfluoroalkylacids (PFAAs):

Man-made, lipophilic, stable, biopersistant

Widespread industrial use as surfactants (stain and oil-
resistant coatings, microwave popcorn bags, emulsifier, etc)

Widespread exposure & environmental contamination

PFOA (perflurooctanoic acid ammonium salt) and PFOS 
(perfluorooctane sulfonic acid) of greatest health concern 

PFOA and PFOS have undergone extensive toxicity 
testing

Hepatotoxic
Developmental toxicants
Immunotoxic



Major synthetic pathway is Major synthetic pathway is 
electrochemical electrochemical 
fluorinationfluorination

Yields approx 60Yields approx 60--80% 80% 
linear form, with significant linear form, with significant 
nonnon--linear (branched form) linear (branched form) 
contaminationcontamination

Verified by primary Verified by primary 
manufacturer (3M) and manufacturer (3M) and 
NMRNMR

PFOSPFOS



Listed as 98.0% pure (T)Listed as 98.0% pure (T)

(T) indicates titration (T) indicates titration 
method, which confirms method, which confirms 
only empirical formulaonly empirical formula

Listed incorrectly as linear Listed incorrectly as linear 
form by both structure and form by both structure and 
CASRNCASRN

No Certificate of Analysis No Certificate of Analysis 
available from Sigma available from Sigma 
((FlukaFluka))

PFOSPFOS



Problems with using CAS as Primary Registry Problems with using CAS as Primary Registry 
for Public Toxicity Databases (and EPA):for Public Toxicity Databases (and EPA):

CAS Registry Number 
      3068-88-0 REGISTRY 
Deleted Registry Number 
      36536-46-6, 43137-57-1 
Chemical Name 
      2-Oxetanone, 4-methyl- (CA INDEX NAME) 
      Butyric acid, .beta.-hydroxy-, lactone (4CI) 
      Butyric acid, 3-hydroxy-, .beta.-lactone (6CI) 
      (.+-.)-.beta.-Butyrolactone 
      (.+-.)-.beta.-Methylpropiolactone 
      (RS)-.beta.-Butyrolactone 
      .beta.-Butyrolactone 
      .beta.-Methyl-.beta.-propiolactone 
      .beta.-Methylpropiolactone 
      3-Hydroxybutyric acid lactone 
      4-Methyl-2-oxetanone 
      Butanoic acid, 3-hydroxy-, .beta.-lactone 
      DL-.beta.-Butyrolactone 
Molecular Formula 
      C4 H6 O2 

Commercial, costly, unavailable Commercial, costly, unavailable 
to manyto many

High incidence of errors in High incidence of errors in 
assigning CAS with chemical assigning CAS with chemical 
and data in and data in toxtox literature (1literature (1--10%)10%)

CAS assigned postCAS assigned post--study by study by 
biologists/toxicologistsbiologists/toxicologists

Test substance annotation Test substance annotation 
unavailable for purity grade, unavailable for purity grade, 
mixture details, etc.mixture details, etc.

Not unique in public resources Not unique in public resources ––
deleted, alternatedeleted, alternate



Chemical Annotation of Public Chemical Annotation of Public 
MicroArrayMicroArray Resources:Resources:

GEO & GEO & ArrayExpressArrayExpress



Towards a Public “Toxico-chemogenomics” Capability



Accession Number Listed Chemical Name
E-MEXP-132 estrogen
E-MAXD-39 oestradiol
E-GEOD-4025 estradiol (E2)
E-GEOD-848 E2
E-NASC-65 estradiol
E-SMDB-1443 Beta-estradiol
E-TABM-269 Estradiol
E-AFMX-12 17 beta-estradiol (E2)
E-AFMX-13 Estrogen
E-GEOD-1045 Estradiol
E-GEOD-1153 Estradiol E2
E-GEOD-2195 17beta-estradiol
E-GEOD-2251 17beta-estradiol
E-GEOD-2292 17beta-estradiol
E-GEOD-2889 17beta-estradiol
E-GEOD-3529 Estradiol(E2)
E-GEOD-4668 17beta-estradiol
E-MEXP-1053 Estradol
E-TABM-231 Estradiol
E-GEOD-2225 17 B-estradiol
E-GEOD-3013 Oestradiol (Oestrogen)
E-TABM-275 Estrogen
E-MEXP-1147 17-beta estradiol (E2)
E-GEOD-6219 17-estradiol (E2)
E-GEOD-628 Estradiol

E-GEOD-1819 17beta-estradiol
E-GEOD-1839 17beta-estradiol

Chemical Names:
Non-standard entry

No ability to structure-search 
or structure-analog search

Fewer than 30 CAS in >2000 
experiments

Abbreviations:
CCCP ….. 

Carbonyl Cyanide 3-
ChloroPhenylhydrazone

Cat Colony Care Programme
Caltech Core Collapse Project

Mtm or MMC ….. Mitomycin C
DOX …... Doxorubicin or Doxycline
109 …… ?? triazine compound

Incomplete Chemical names
Dipyridyl- A …… 4,4’-; 3,3’-; 2,4’-; 2,3’-; or 2,2’- ?
Succinate …… Na, K, Ca?

Misspellings:
Carconyl chlotide  … Carbonyl chloride (phosgene)
ciprofbrate …. Ciprofibrate



EBI ArrayExpress: Submitter Experiment Description

Free text description
No curation or external review
No chemical indexing of experiment



No chemical standards
Difficult to identify chemical 

exposure-related experiments
Fewer than 30 CAS RNs 

provided in >2000 
experiments

PERL scripts to filter web-
accessed data content

Manual review of Submitter 
textual descriptions

Creation of initial chemical 
& experimental index

QC & structure annotation



9957 
Experiments

1014 
Unique 

chemicals

837 defined organics
84 inorganics
22 organometallics

2381
Chemical

experiments

Experiments

Genes

Pathways

Vehicle
Media
Reference
Combination

Treatment
2134 

Chemical 
treatment-

related 
experiments DSSTox 

GEOCSI

Chem 1
Chem 2
Chem 3
Chem 4

…
…

Chem 1014
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Chemical Search Paradigm

Toxicity 
Results

ArrayExpress Results
E-TABM-131:Custom Array; Rat
E-MEXP-82: Affymetrix; Rat
E-TOXM-18: Agilent; Mouse
E-TOXM-31:Custom Array ; Human 

GEO Results
200005594:Agilent;Rat
200005593:Agilent;Rat
200005595:Agilent;Rat 

200000633:Custom Array; Rat
200005652:Agilent; Rat
200004874:Custom; Mouse
200005860:Agilent; Rat 

200008858: GE Healthcare;Rat

AcetaminophenAcetaminophen
MetaMeta--DataSetDataSet

Bioassay 
Results



Conclusions from GEO/ArrayExpress Effort:

Past attention to chemical aspects of experiments and Past attention to chemical aspects of experiments and 
data data –– none !none !

Structure annotation and linkages enhances scientific Structure annotation and linkages enhances scientific 
value of resourcesvalue of resources

Automated text mining methods inadequate; required Automated text mining methods inadequate; required 
significant manual review & significant manual review & curationcuration

Recommended addition of two Recommended addition of two requiredrequired datadata--submitter submitter 
fields:fields:

–– Unambiguous chemical name, CAS if availableUnambiguous chemical name, CAS if available

–– Purpose of chemical in relation to experiment, select one: Purpose of chemical in relation to experiment, select one: 
treatment, vehicle, reference, other.treatment, vehicle, reference, other.



Recommendations:
Toxicology journals & public databases should Toxicology journals & public databases should 
strengthen standards for chemical annotation and strengthen standards for chemical annotation and 
sample QC reporting sample QC reporting 

ACS, CAS/STN should support public efforts to QC ACS, CAS/STN should support public efforts to QC 
association of biological effects data with association of biological effects data with 
CAS/name/structureCAS/name/structure
–– Allow >10K chemical substance/CAS lists for highAllow >10K chemical substance/CAS lists for high--interest interest 

chemicalschemicals
–– Make STN available at noMake STN available at no--low cost to public QC effortslow cost to public QC efforts

Chemical annotation efforts first step, but insufficient Chemical annotation efforts first step, but insufficient 
without chemical QC reviewwithout chemical QC review

Public database projects can contribute to QCPublic database projects can contribute to QC
–– Toxicology: DSSToxToxicology: DSSTox
–– ChemSpiderChemSpider –– WikiWiki
–– PubChemPubChem –– Source reliability for Source reliability for QCQC’’dd chemical infochemical info



Examples

CASRN [7696-12-0]

Requires

CAS 
Name, 

Structure

Name
Structure

SMILES 
Structure

InChI
Structure

Mol File

“Cheminformaticon”: Intrinsic Information Content

I. Representations of chemicals in public literature & databases

Intrinsic 
information 

content Low High

NO

O

O

O

Chemical 
Structure

Chemical Name
CCRIS 3284 Tetramethrin (1,3-dioxo-1,3,4,5,6,7-hexahydro-2H-isoindol-

2-yl)methyl (1R,3R)-2,2-dimethyl-3-(2-
methylprop-1-en-1-yl)cyclopropanecarboxylate

SMILES
C\C(C)=C/[C@@H]3[C@@H](C(=O)OCN2C(=O)C=1CCCCC=1C2=O)C3(C)C

InChI
InChI=1/C19H25NO4/c1-11(2)9-14-15(19(14,3)4)18(23)24-10-20-16(21)12
-7-5-6-8-13(12)17(20)22/h9,14-15H,5-8,10H2,1-4H3/t14-,15+/m1/s1
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“An expert is a person who has made all the 
mistakes that can be made in a very narrow field.”

– Niels Bohr

“Whoever is careless with the truth in small matters 
cannot be trusted with important matters.”

– Albert Einstein


