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Agency Problems:Agency Problems:

Endocrine Disruption
Testing Program

Large lists of chemicals to evaluatechemicals to evaluate
Many toxicity endpoints to assessMany toxicity endpoints to assess
Lack of sufficient and relevant dataLack of sufficient and relevant data

Need to prioritize and focus limited resources on 
chemicals and problem areas with potential for 
greatest health & environmental impact



Outline of Presentation:Outline of Presentation:

Chemoinformatics & SAR Predictive Chemoinformatics & SAR Predictive 
ChallengeChallenge

DSSTox Project & Data StandardsDSSTox Project & Data Standards

Emerging ChemoEmerging Chemo--bioinformatic bioinformatic 
CapabilitiesCapabilities



ChemistryChemistry--based Data Mining based Data Mining 
& Exploration:& Exploration:
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Drug Drug 
DesignDesign

ToxicityToxicity
Prediction/Prediction/
ScreeningScreening

MaximizeMaximize
PharmacologicalPharmacological

ActivityActivity

MinimizeMinimize
ToxicityToxicity

EnvironmentalEnvironmental
ProtectionProtection

SAR ApplicationSAR Application

Single therapeutic target
Drug-like chemicals
Some toxicity anticipated

Multiple unknown targets
Diverse structures
Human and eco endpoints



What is Chemoinformatics?
Dr. Frank Brown introduced the term “chemoinformatics” in the Annual 
Reports of Medicinal Chemistry in 1998: 

“The use of information technology and management has become a 
critical part of the drug discovery process.  Chemoinformatics is the mixing 
of those information resources to transform data into information and 
information into knowledge for the intended purpose of making better 
decisions faster in the area of drug lead identification and organization”

In fact, Chemoinformatics is a generic term that encompasses the design, 
creation, organization, management, retrieval, analysis, dissemination, 
visualization and use of chemical information.

http://http://www.bioinfoinstitute.com/chemoinfo.htmwww.bioinfoinstitute.com/chemoinfo.htm

toxicity prioritization & screening

environmental toxicity screening
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Chemoinformatics:Chemoinformatics:

Extracting knowledge from chemical information Extracting knowledge from chemical information 
http://www.biologie.uni-erlangen.de/mibi/lectures

–– lots of data (structure, activities, genes, etc.)lots of data (structure, activities, genes, etc.)



Toxicity Risk Assessment
NO2 increasing complexity 

increasing relevance to RA

increasing uncertainty

SARSAR
structurestructure--activityactivity

relationshipsrelationships

Toxicity Toxicity 
Prediction Prediction 
ProblemProblem



Toxicity Risk Assessment
NO2 increasing complexity 

increasing relevance to RA

increasing uncertainty

Toxicity Toxicity 
Prediction Prediction 
ProblemProblem

AARAAR
activityactivity--activityactivity
relationshipsrelationships



Observation:

H3C

active inactive

Methyl group leads to loss of carcinogenic activityMethyl group leads to loss of carcinogenic activity

Activity = f (Structure)Activity = f (Structure)



SAR: Generalization

PAHsPAHs

bay regionbay region

stericsteric hindrancehindrance

active

inactive

H3C

ClassClass

activating featureactivating feature

modulating featuremodulating feature

Statistical associationStatistical association
Mechanistic hypothesisMechanistic hypothesis



Organophosphate

Combining SAR and Biofunctional InformationCombining SAR and Biofunctional Information
Predicting Carcinogenicity of OrganophosphatesPredicting Carcinogenicity of Organophosphates
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Woo et al. (1996) Environ. Woo et al. (1996) Environ. CarcCarc. & . & EcotoxEcotox. Revs., C14:1. Revs., C14:1--4242



Model Development for Activity A:
Global toxicity prediction

A

Gather relevantGather relevant
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+
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Toxicity Prediction for Chemical Q
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Develop new 
SAR model

StructureStructure--based Screening & based Screening & 
Prioritization:Prioritization:

Chemical(s)
of concern

Apply existing 
SAR model

DataData

DataData

DataData

DataData

DataData

DataData

Place in context of 
existing data and 
understanding

Mine existing 
data for 
structural & 
biofunctional 
analogs



Scattered sourcesScattered sources

NonNon--standard formatsstandard formats

Diverse information contentDiverse information content

Lack of chemical structure annotationLack of chemical structure annotation

Suitable databases unavailable for many types Suitable databases unavailable for many types 
of of toxtox endpointsendpoints

Limitations of Public Toxicity Limitations of Public Toxicity 
Data for Use in SAR:Data for Use in SAR:



Part II.Part II.
DSSTox Project &DSSTox Project &

Toxicity Database StandardsToxicity Database Standards



DDistributedistributed
SStructuretructure--SSearchableearchable
ToxToxicityicity
PublicPublic
DatabaseDatabase
NetworkNetwork

Chemical structure-annotation

Data standards and integration



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







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
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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
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2  3  2  0  0  0  0
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12 13  2  0  0  0  0

M  END
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http://potency.berkeley.edu/cpdb.html
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DSSTox SDF files:DSSTox SDF files:

SAR Model DevelopmentSAR Model Development
““Training SetsTraining Sets””

Chemical Relational Database:Chemical Relational Database:
subsub--structure, text, property searchingstructure, text, property searching

improved predictive tox modelsimproved predictive tox models
more comparable modelsmore comparable models
lowered barriers to uselowered barriers to use

analog searchesanalog searches
search across diverse toxicity endpointssearch across diverse toxicity endpoints
search across chemical & toxicity fieldssearch across chemical & toxicity fields



DSSTox Standard DSSTox Standard 
Chemical Fields:Chemical Fields:

Structure
Field

Standard 
Chemical

Fields

Standard 
Toxicity

Fields

ChemName_IUPAC
SMILES_Parent
InChI

StudyType
Species
Endpoint

ACDACD
ChemFolderChemFolder

Application view Application view 
after SDF importafter SDF import



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 aIntegrating Diverse Databases from a
Chemical Structure Perspective:Chemical Structure Perspective:

CPDBCPDB DBPCAN       EPAFHM        NCTRER   DBPCAN       EPAFHM        NCTRER   ……..

Standard Chemical FieldsStandard Chemical Fields

Standard Tox Fields:  Standard Tox Fields:  StudyType, Species, EndpointStudyType, Species, Endpoint



DSSTox Database Design:DSSTox Database Design:

ToxicologyToxicology ChemistryChemistry
Toxicological

Data Chemical 
Structures &

Properties

ContextContext Utility for SARUtility for SAR

RelevanceRelevance

Toxicologists
Biologists
Risk Assessors
Domain Expertise

SAR Modeling
Machine Learning
Comp. Chemistry

3D QSAR



Expanded database offeringsExpanded database offerings

Automation: DSSTox Master ListAutomation: DSSTox Master List

OnOn--line structure browsingline structure browsing

Integration with other public databases Integration with other public databases 

Coordination with public data standardsCoordination with public data standards
Chemical standards (INChI, etc)Chemical standards (INChI, etc)
ToxMLToxML
MiamiMiami--ToxTox

EPAEPA--wide structure browserwide structure browser

Linkages to toxicogenomics effortsLinkages to toxicogenomics efforts

Where are we heading:Where are we heading:



Up Next Up Next ……

NTPIMTNTPIMT: NIEHS National Toxicology Program Immunotox Database  : NIEHS National Toxicology Program Immunotox Database  
Based on 1992 publication reporting a battery of immunotox resulBased on 1992 publication reporting a battery of immunotox results for 50 chemicals.ts for 50 chemicals.

IRISSIIRISSI: EPA: EPA’’s Integrated Risk Information System (IRIS) s Integrated Risk Information System (IRIS) –– Structure Structure 
Index  Index  Structure index file for EPA IRIS database Structure index file for EPA IRIS database –– initial phase without toxicity data, initial phase without toxicity data, 
just structural information.just structural information.

NCTRARNCTRAR: FDA: FDA’’s National Center for Toxicological Research s National Center for Toxicological Research --
Androgen Receptor Binding DatabaseAndrogen Receptor Binding Database Androgen receptor relative binding Androgen receptor relative binding 
affinities tested in a common in vitro assay for 202 chemicals, affinities tested in a common in vitro assay for 202 chemicals, provided with chemical provided with chemical 
classclass--based structure activity features.based structure activity features.

NTPGTZNTPGTZ: NIEHS National Toxicology Program Gene: NIEHS National Toxicology Program Gene--Tox DatabaseTox Database
(E. Zeiger)   (E. Zeiger)   Battery of genetic toxicity test results for over 1900 chemicalsBattery of genetic toxicity test results for over 1900 chemicals from from 
historical NTP studies.historical NTP studies.

UNLVSSUNLVSS: UniLever: UniLever’’s Skin Sensitization Databases Skin Sensitization Database Skin sensitization Skin sensitization 
results for over 200 chemicals from Unilever studies.results for over 200 chemicals from Unilever studies.



DSSTox Master Chemical Structures File:DSSTox Master Chemical Structures File:

CPDBASCPDBAS

DBPCANDBPCAN

EPAFHMEPAFHM

FDAMDDFDAMDD

NCTRERNCTRER

……

IRISSIIRISSI

NCTRARNCTRAR

UNLVSSUNLVSS

NTPGTZNTPGTZ

NTPIMTNTPIMT

1. Consolidate1. Consolidate

2. Identify 2. Identify 
chemicalchemical
““replicatesreplicates””

QAQA

……

3. Reconcile3. Reconcile
replicate replicate 
informationinformation

4. Cull4. Cull
replicate replicate 
informationinformation

5. Master Table5. Master Table 6. Create 6. Create 
new DSSTox new DSSTox 
databasedatabase

CAS cross-
referencing

Populate standard 
chemical fields

7. Add new 7. Add new 
structure structure 
records to records to 
MasterMaster



DSSTox Master FileDSSTox Master File
Total Records:  6701Total Records:  6701
Total Unique Records:  3967 (no replicates)Total Unique Records:  3967 (no replicates)
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DSSTox Coordination/Collaborations:DSSTox Coordination/Collaborations:

Berkeley Carcinogenic 
Potency Project

EPA – IRIS, OPP, 
OPPT, OEI, NHEERL, 

Green Chemistry

FDA’s NCTR –
Databases, ArrayTrack

NIEHS – NTP, 
NCT/CEBS

NIH / NCI Structure-
Browser

LHASA VITIC 
Toxicity Database

FDA CDER/CFSAN 
Drug evaluation 

reviews/ Food additives

ACD Labs 
WebLibrarian

EPA/SRC PBT Profiler 
and Analog Identification 

Methodology

IUPAC/NIST InChI
ProjectNIH / NLM

TOXNET, PubChem

ILS/ICVAM 
Databases

Migrate more Migrate more toxtox data to DSSTox formatdata to DSSTox format

Adopt DSSTox chemical standardsAdopt DSSTox chemical standards

Link DSSTox to other public effortsLink DSSTox to other public efforts

Provide onProvide on--line structureline structure--search capabilitysearch capability

Expand into toxicogenomicsExpand into toxicogenomics

LeadScope’s LIST and ToxML 
Public Tox Data Initiatives

ILSI Develop. Tox. 
Database Initiative

IBM’s 
WebFountain

DSSTox

Migrate Migrate toxtox data into electronic formdata into electronic form

Convert raw data to structured dataConvert raw data to structured data

Promote toxicity data standards Promote toxicity data standards 



IBMIBM’’s s WebFountainWebFountain, , OmniFindOmniFind

-- Slide content courtesy of Steve Boyer, IBMSlide content courtesy of Steve Boyer, IBM

Recognize chemical namesRecognize chemical names
Extract chemical namesExtract chemical names
Convert names to structuresConvert names to structures
Associate chemical structures Associate chemical structures 

with original documentwith original documentUS Patent LiteratureUS Patent Literature
Over 8 million pages processedOver 8 million pages processed
Searchable by text, content Searchable by text, content 

annotators, and chemical structuresannotators, and chemical structures



•• LeadscopeLeadscope’’s ToxML public efforts ToxML public effort

•• NIEHS CEBS projectNIEHS CEBS project

•• MIAMIMIAMI--ToxTox

Toxicity data standards: Toxicity data standards: 
controlled vocabularies and controlled vocabularies and ontologiesontologies

•• ILSI Developmental Toxicity DB ProjectILSI Developmental Toxicity DB Project

•• Leadscope/FDA Leadscope/FDA –– commercial VLCcommercial VLC

•• LHASA VITIC SAR Toxicity DB ProjectLHASA VITIC SAR Toxicity DB Project

Toxicity databases:Toxicity databases:

SAR
Standards

data



Toxicity Experimental Data Summary Data:

LIST:ToxML

++
__

Intermediate 
toxicity 

classifications
for SAR

LIST:  Leadscope LIST:  Leadscope InSilicoInSilico
Toxicology ConsortiumToxicology Consortium

ToxML: Toxicology ToxML: Toxicology 
controlled vocabulary controlled vocabulary 
for data mining for data mining 



INChI=1.12Beta/C9H6O6/c10-
7(11)4-1-2-5(8(12)13)6(3-
4)9(14)15/h1-
3H,(H,10,11)(H,12,13)(H,14,15)

Trimellitic acid

O
O

O

OH

OH

OH

benzene-1,2,4-
tricarboxylic acid



INChI=1.12Beta/C9H6O6/c10-7(11)4-1-2-
5(8(12)13)6(3-4)9(14)15/h1-
3H,(H,10,11)(H,12,13)(H,14,15)

•• UniqueUnique
•• PublicPublic
•• Text XMLText XML--basedbased
•• Chemically robustChemically robust

charge statecharge state
chiralchiral centerscenters
tautomeric formtautomeric form

INChI:INChI:



Chemical Relational Searching Capability: Chemical Relational Searching Capability: 

Structure Browser Capabilities:Structure Browser Capabilities:
•• NIH/NCI CACTVS Structure BrowserNIH/NCI CACTVS Structure Browser
•• ACD Web LibrarianACD Web Librarian
•• ChemAxonChemAxon: : JChemJChem/Marvin/Marvin
•• LHASA VITICLHASA VITIC
•• LeadScopeLeadScope
•• NCTR ArrayTrackNCTR ArrayTrack

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

ACD Web Librarian:
http://cactus.nci.nih.gov/



Public Toxicity DataPublic Toxicity Data
WorldWorld--wide webwide web

GovernmentGovernment--wide datawide data

““ElectronificationElectronification”” of dataof data
StructureStructure--annotationannotation
Data standardizationData standardization
Data IntegrationData Integration

EPAEPA--wide datawide data

CBICBI
datadata DSSTox DBs

Structure-activity 
pattern recognition

Structure-activity 
pattern recognition

INChI -> Structures: 
Analog searching
INChI -> Structures: 

Analog searching

Improved Toxicity 
Prediction/Screening 

Capabilities

Improved Toxicity 
Prediction/Screening 

Capabilities

INChI: Precise 
chemical indexing of 

information

INChI: Precise 
chemical indexing of 

information

EPA Challenges



Part III.Part III.
Emerging chemoEmerging chemo--bioinformatic bioinformatic 

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

Bioinformatics ….. meets Chemoinformatics



NIEHS/National Center for Toxicogenomics:NIEHS/National Center for Toxicogenomics:
Chemical Effects in Biological System KnowledgeChemical Effects in Biological System Knowledge--
Base Base (M. Waters and J. (M. Waters and J. FostelFostel))

Metabonomics

Historical NTP
Toxicity data

Gene
expression

Gene 
Function

Proteomics

Gene
Pathways



DSSTox Standard Chemical Fields

StructureStructure--
searchabilitysearchability

Analog Analog 
searchingsearching

Cross domain Cross domain 
searchingsearching

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1

DSSTox Toxicity Data Files

DSSTox DSSTox 
Database Database 
Network      +Network      +

Part 2 Part 2 –– Link CEBS to DSSTox Database NetworkLink CEBS to DSSTox Database Network

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

Metabonomics

Historical
Toxicity data

Gene
expression

Gene 
Function

Proteomics

Gene
Pathways

Historical NTP
Toxicity data



NCTR: Toxicant Library in ArrayTrack
Linkage of traditional tox data with chemical structure

Chemical similarity searches 
Linkages to tox information
Direct links to public databases
Chemicals mapped to pathways 
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CEBS ChemoCEBS Chemo--bioinformatics: bioinformatics: 
Expanded Relational Search DomainsExpanded Relational Search Domains



CEBS

Gathering Data on Chemical AnaloguesGathering Data on Chemical Analogues



PNAS January 11, 2005 vol. 102 no. 2 261–266

CHEMISTRY PHARMACOLOGY

1576 compounds
X 92 assays

Azole cluster by 
biospectra similarity

Approximate “proteomic” signature



http://http://www.ibmh.msk.suwww.ibmh.msk.su/PASS//PASS/

PASS predicts PASS predicts 900900 pharmacological effects, pharmacological effects, 
mechanisms of action, mutagenicity, mechanisms of action, mutagenicity, 
carcinogenicity, carcinogenicity, teratogenicityteratogenicity, and , and 
embryotoxicityembryotoxicity.  The result of prediction is .  The result of prediction is 
displayed on your computer automatically via displayed on your computer automatically via 
Internet for free.Internet for free.

PASS PASS (Prediction of Activity (Prediction of Activity 
Spectra for Substances)Spectra for Substances)

CerepCerep: In vitro bioactivity profiles: In vitro bioactivity profiles



Biochemical 
“target” assays

ToxicoToxico--Chemoinformatics:Chemoinformatics:
Data Standardization, Integration, ExplorationData Standardization, Integration, Exploration

In Vitro  
assays

In Vivo whole 
animal studies

“In Silico” PredictionsCalculated structures, properties

Tissue, organs

Short-term tests

Receptors, enzymes, proteins

Genomics

Chronic, acute

Cell-based assays



ToxicoToxico--Chemoinformatics:Chemoinformatics:
Data Standardization, Integration, ExplorationData Standardization, Integration, Exploration

Make better use of ALL available dataMake better use of ALL available data

Overcome data limitations by exploring diverse Overcome data limitations by exploring diverse 
domains of data from multiple perspectivesdomains of data from multiple perspectives

Develop expanded definitions of Develop expanded definitions of ““chemical analogchemical analog””

Employ both biological and chemical information Employ both biological and chemical information 
to develop predictive toxicity signaturesto develop predictive toxicity signatures


