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Develop new 
SAR model

Structure-based Screening & 
Prioritization:

Chemical(s)
of concern

Apply existing 
SAR model

Data

Data

Data

Data

Data

Data

Place in context of 
existing data and 
understanding

Mine existing 
data for 
structural & 
biofunctional 
analogs

• Scattered sources

• Non-standard formats

• Diverse information content

• Lack of chemical structure annotation

• Cannot access full database

Limitations of Public Toxicity 
Data for Use in SAR:
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Chemical structures &
standardization

Open public 
access & 

partnerships

Bridging 
diverse toxicity 

disciplines 

DSSTox

Improved 
coordination, 
collaborations

Improved 
access utility 

of toxicity 
data

Improved toxicity
prediction models

http://www.epa.gov/nheerl/dsstox
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• Data file format (SDF)

• File naming convention 

• Chemical structure information fields  

• Documentation requirements

• Publishing requirements

DSSTox Toxicity Database 
Standards:
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csChmFindW05030111462D

14 16  0  0  0  0  0  0  0  0999 V2000
0.1283    2.1977    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
0.0000    0.7780    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
1.0347    0.0000    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
2.3261    0.5213    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
2.4544    1.9411    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
1.4197    2.7191    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
3.6254    0.0000    0.0000 N   0  0  0  0  0  0  0  0  0  0 0  0
4.5318    1.0347    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
3.8821    2.1977    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
5.9516    1.0347    0.0000 N   0  0  0  0  0  0  0  0  0  0 0  0
6.7295    2.1977    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
5.9516    3.4891    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
4.5318    3.4891    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
8.0209    2.1977    0.0000 N   0  0  0  0  0  0  0  0  0  0 0  0

1  2  1  0  0  0  0
1  6  2  0  0  0  0
2  3  2  0  0  0  0
3  4  1  0  0  0  0
4  5  1  0  0  0  0
4  7  2  0  0  0  0
5  6  1  0  0  0  0
5  9  1  0  0  0  0
7  8  1  0  0  0  0
8  9  2  0  0  0  0
8 10  1  0  0  0  0
9 13  1  0  0  0  0

10 11  2  0  0  0  0
11 12  1  0  0  0  0
11 14  1  0  0  0  0
12 13  2  0  0  0  0
M  END
>  <Last Updated> (1)
5/3/01

>  <Source> (1)
http://potency.berkeley.edu/cpdb.html

>  <Chemical> (1)
A-alpha-C

>  <CAS> (1)
26148-68-5

>  <Tested Form> (1)
neutral
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DSSTox SDF files

SAR Model Development
“Training Sets”

Chemical Relational Database:
sub-structure, text, property searching

• improved predictive tox models
• more comparable models
• dramatically lowered barriers to use

• analog searches
• search across diverse toxicity endpoints
• search across chemical and toxicity fields

DSSTox File Naming Standard:

EPAFHM_v1a_617_15Oct03.sdf     (.xls)

6 letter
NAMEID

version 1:  major modifications or data additions 

revision a:  error corrections, minor additions 

Date of last
modification

File type
Number of 
records
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DSSTox Standard Chemical Fields:
• Structure 2D chemical structure 
• StructureShown Description of displayed 2D structure 

– tested form, simplified to parent, predicted form, active ingredient of formulation, general form
• Formula Empirical molecular formula
• MolWeight Molecular weight in atomic units
• CAS Chem Abstracts Service No. for StructureShown
• SMILES Linear text notation for 2D StructureShown
• DSSTox_ID Counter allows unique identification of record
• DSSTox_FileName Name of file included in each record
• ChemName Chemical name from original data base
• SubstanceType Broad substance classification

– defined organic, inorganic, organometallic, polymer, mixture or unknown
• TestedForm Tested form of chemical

– parent, salt, complex, unknown or multiple forms
• AddToParent Salt counterions or complexed moieties
• CAS_TestedForm CAS No. for tested form of chemical
• SMILES_TestedForm SMILES code for the tested form of the chemical 
• ChemNote Additional qualifier info for chemical fields

– defined mixture characteristics, uncertainty in structure or CAS, stereochem, replicate, etc.
• ChemCount Counter for structure or CAS duplications in db

Tested form
Simplified to parent
General form
Active ingredient of formulation
Monomer of polymeric form

StructureShown

CAS
SMILES
Formula
MolWt

Linked-content fields
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DSSTox 
Standard 
Chemical 
Fields:

CambridgeSoft
ChemFinder
Application view 
after SDF import
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CPDBRM_v1a_1354_15Oct03

DSSTox 
Source-
Specific 
Fields:

CambridgeSoft
ChemFinder
Application view 
after SDF import

CPDBRM_DOP_v1a_1354_15Oct03
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Central Index of 
DSSTox Databases

All DSSTox fields listed 
alphabetically

Link to DSSTox database 
containing field

Link to Standard Chemical 
Field Definitions Table

DSSTox Database Design:

Toxicology Chemistry
Toxicological

Data Chemical 
Structures &

Properties

Context Utility for SAR

Relevance

Toxicologists
Biologists
Risk Assessors
Domain Expertise

SAR Modeling
Machine Learning
Comp. Chemistry

3D QSAR
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NCTRlogRBA

ER RBA

ChemClass ERB

Activity Group 
ERB

Rationale 
ChemClass ERB

MeanChem
Class ERB RBA
LogP
F1, F2, …F6

ChemClass FHM
MOA
MOACONF
CLOGP
LC50
LC50NOTE
LC50RATIO
MIXMOA
TOXINDEX
FATS
BEHAVIOR

ChemClass DBP

Concern Level

Rationale

Rational Source

Analog
ChemName

AnalogCAS

AnalogSMILES

SAL CPDB

TD50 Rat

TD50Mouse

Target Sites Rat 
Male

Target Sites
Rat Female

Target Sites 
Mouse Male
….
Other Species

Integrating Diverse Databases from a
Chemical Structure Perspective:

CPDB DBPCAN       EPAFHM        NCTRER   ….

Standard Chemical Fields

Standard Tox Fields:  species, sex, strain, assay, dose

DSSTox Project Feasibility:DSSTox Project Feasibility:
Direct Benefits to Data Source CollaboratorsDirect Benefits to Data Source Collaborators

Chemical structure annotationChemical structure annotation
Construct standardized DSSTox data fileConstruct standardized DSSTox data file

MainMain--author of DSSTox “publication”author of DSSTox “publication”
Reach audience of potential users/collaboratorsReach audience of potential users/collaborators
Control presentation of dataControl presentation of data

+ Source
Tox DBi

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1 …DBi
DSSTox

DBs

Source DB can now be linked with DSSTox DB library Source DB can now be linked with DSSTox DB library 
and structure searched.and structure searched.

DSSTox Toxicity Data Files

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1 …DBi
DSSTox

DBs

Source DB can now be linked with DSSTox DB library Source DB can now be linked with DSSTox DB library 
and structure searched.and structure searched.

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1 …DBi
DSSTox

DBs

Source DB can now be linked with DSSTox DB library Source DB can now be linked with DSSTox DB library 
and structure searched.and structure searched.

DSSTox Toxicity Data Files
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• FDA Max Recommended Therapeutic Dose - Pharmaceuticals 

• NCTR Androgen, Thyroid, and Endocrine Disruption Databases

• NTP Immunotox battery tests

• NTP Rodent carcinogenicity bioassays, subchronic bioassays, developmental, 
repro, immuno, etc.  

• UniLever Skin Sensitization database

• DNA Intercalators Database 

• EPA’s High Production Volume (HPV) chemicals structure index file

• EPA’s Integrated Risk Information System (IRIS) structure index file

• ICVAM databases on LD50, skin sensitization, local lymph node assay, skin 
corrosivity, endocrine disruption, etc

• EPA pesticide ecotoxicity database

• Developmental toxicity database (literature – FDA,TOPKAT)

Migrate More Public Toxicity Data into DSSTox 
Standard Format:  Phase II, III, …

www.fda.gov/cder/Offices/OPS_IO/MRTD.htm
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FDAMDD:
FDA’s Maximum Daily 
(recommended therapeutic) 
Dose Database

1227 chemicals
2173 CAS identified

• CAS_Other
• SMILES_nostereo
• SMILES_stereo
• StudyType
• Species
• Endpoint
• Therap_Cat
• Dose_MRDD_mg
• Dose_MRDD_mm
• LOG10_MRDD_mm
• N100_MRDD_mm
• Activity_Category

FDAMDD:
Distribution of N100_MRDD_mm values and 
Activity_Category cutoffs for 1227 chemicals
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NTPIMT: National 
Toxicology Program 
Immunotox Battery
•50 chemicals

•12 immunotox measures

• comparison to rodent 
carcinogenicity response

Coordinating Public Efforts:

ISSCentral – Freeware CRD

NCI Structure-Browser

Advanced Chemistry Development

EPA/Syracuse Res Corp
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ChemFinder.com
Public site offers CAS, Name, and
Structure-searching capabilities

Web-based Structure-
Searching of DSSTox 
SDF Files:

NCI Structure Browser

NLM ToxNet

ACD Web-Librarian

SRC/EPA PBT Profiler

Structure-search displays 
chemical record in 
DSSTox: NCTRER

User seeks to learn more 
about NCTRER and its 
data fields

NCTRER

NCTRER
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http://www.acdlabs.com/

http://www.acdlabs.com/
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Analog Search Component to Toxicity Estimation

Single Chemical
Exposure

Test animal

Target tissue

RNA

Gene Expression Pattern
Gene 1
Gene 2
Gene 3
Gene 4
Gene 5
Gene 6
Gene 7
Gene 8
Gene 9
Gene 10
Gene 11
Gene 12
Gene 13
….
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12
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1 3

…
.

Informatics Exploration Axes:
• Chemical Structure
• Gene expression
• Bioassay

Bioinformatics ….. meets Chemoinformatics
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Chemical Effects in Biological System 
Knowledge-Base (CEBS)

Metabonomics

Historical NTP
Toxicity data

Gene
expression

Gene 
Function

Proteomics

Gene
Pathways

DSSTox Standard Chemical Fields

Structure-
searchability

Analog 
searching

Cross 
domain 
searching

DSSTox / CEBS Collaboration:
Part 1 – DSSTox Annotation of CEB

Historical NTP
Toxicity data
Historical NTP
Toxicity data

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1

DSSTox Toxicity Data Files

DSSTox 
Database 
Network      +

Part 2 – Link CEBS to DSSTox Database Network

Metabonomics

Historical
Toxicity data

Gene
expression

Gene 
Function

Proteomics

Gene
Pathways

Historical NTP
Toxicity data

Part 3 – Add structural searchability to CEBS
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Chemical Relational Searching Capability: 

Create a Public Domain Browser
for CEBS:
• NIH/NCI CACTVS Structure Browser
• JChem/Marvin
• LHASA VITIC

NCI CACTVS Structure Browser:
http://cactus.nci.nih.gov/

Chemistry Standards:
• INChI chemical codes
• IUPAC Names 

Chemical
Structures

Historical 
Toxicity Data

Species

Functional 
groups

Dose
Activity

Gene

familie
s

Gen
es

Profile
sStructural 

analogs

Phys-chem 
properties

Size
Shape

Genomics
Proteomics

Proteins

Tissue

Chemical
Structures

Historical 
Toxicity Data

Species

Functional 
groups

Dose
Activity

Gene

familie
s

Gen
es

Profile
sStructural 

analogs

Phys-chem 
properties

Size
Shape

Genomics
Proteomics

Proteins

Tissue

CEBS Chemo-bioinformatics: 
Expanded Relational Search Domains
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CEBS

Gathering Data on Chemical Analogues

Exploring Broader Associations from 
Single Microarray Experiment
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Metabonomics

Metabonomics 
Profile

Metabonomics 
Profile

Metabolites

Metabonomics 
Profile

Do other experiments produce 
similar metabonomics profiles?

What other data 
are available for:
• tested chemical
• metabolites, or
• structurally 
similar chemicals? What are the 

structures of the 
tested compounds in 
those cases?
Are they similar?

Exploring Broader Associations from 
Single Metabonomics Experiment

DSSTox Status & Future Directions:
Outside Coordination:

• Tox standards efforts (ToxML, MIAMI-Tox)

• Chemistry standards efforts (InCHI, IUPAC names)

• Other public efforts (NCI, TOXNET, PBT, etc)

LHASA UK Tox DB – DSSTox public data distributor 

FDA, EPA, EU – assist in publishing non-proprietary 
toxicity data from internal databases

EPA CompTox Augmented Funding Award – 1 yr:     
Expand DSSTox public database offerings

EPA CompTox New Start Proposal – CEBS 
collaboration:  Undergoing review
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• Cancer Potency Data Base - rodent carcinogenicity…….. Lois Swirsky Gold, Thomas Slone
• EPA - Ecotoxicity (fathead minnow, Teratox)………..……. Chris Russom
• EPA/OPPT,OW – DBP cancer assessment……………… Yin-tak Woo, Mary Manibusan
• FDA/NCTR - Estrogen receptor binding data base….…… Weida Tong, Hong Fang
• FDA/CDER – Maximum recommended dose drugs …….. Dan Benz, Ed Matthews, Joe Contrera
• EPA/OPP, Ecotox – pesticides ………….………………… Brian Montague, Pauline Wagner
• NTP Gene-tox data; IRIS ………………………………… Errol Zeiger, Zeiger Consulting
• Nat Ctr Toxicogenomics: CEBS …………………………. Mike Waters, Ray Tennant
• GlaxoSK - GeneTox/NTP Salmonella database………… Neal Cariello, Vijay Gombar
• NIEHS/NTP Rodent carcinogenicity, etc ...……………… Skip Eastin, Doug Bristol
• Developmental toxicity …………………………………… Vijay Gombar (GlaxoSK), Orest Macina
• ICVAM Toxicity databases ………………………………… Ray Tice, Marc Jackson, ILS
• Unilever Skin Sensitization Database……………………… Martin Barrett, Marlin Consulting
• ZEBET Acute Toxicity Database …………………………… Julie Penzotti, Rational Discovery
• Tulane/Xavier Univ – Endocrine Disruption ……………… Tom Wiese
• NCI – SDF tools, CACTVS structure browser….……….… Marc Nicklaus
• LeadScope – SDF/XML converter, FDA carcinogens ..…… Chihae Yang
• SDF Viewer application …………………………………… Thomas Harrocks, Intuitive Software Solutions

• ACD – ChemFolder, WebBase ………………………….. Antony Williams, M Hachey, G Shear
• CambridgeSoft – ChemFinder application ………………. Rich Talbot
• EPA scientific advisors ……………………………………. Stephen Nesnow, Adam Swank
• EPA/CSC – web development, IT ………………………… Brian Garges/ D Kanipe, D Marshall

DSSTox Collaborators/Advisors/Acknowledgements:

DSSTox Development Team:
• ClarLynda Williams – Coordinator, Lead Project Technician

– NCCU/EPA COOP Student Trainee 12/00-12/02; EPA 12/02-8/03
• Jamie Burch

– NCCU/EPA COOP Student Trainee 11/02-2/04
• Brian Rogers

– NCCU/EPA COOP Student Trainee 1/04-present
• Marty Wolf

– EPA Senior Environmental Employment Program 8/04-present
• Audrey Evans

– ECO/EPA Summer Student Trainee, Summer ’03
• Todd Stewart

– EPA-UNC Student COOP, Spring/Summer 02
• Nina Fields 

– Shaw Univ. High School Minority Mentoring Program, Summer ‘02
• James Beidler

– EPA Summer Student Employee, Warren-Wilson College, Summer ‘01
• Daniel Ohuoba

– Shaw Univ. High School Minority Mentoring Program, Summer ’01
• Adam Swank 

– ECD, EPA
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Optional DSSTox Website Tour

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


