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Are you ready for the revolution?
D Butler, Nature Feb |5 2001; 409, 758 - 760

“small experiments driven by individual
investigators will give way to a world in which multi-
disciplinary teams...emerge as the key players.....in
the era of systems biology in which the ability to
create mathematical models describing the
function of networks of genes and proteins is just
as important as traditional lab skills."

“the research teams that will be most
successful...are those that switch effortlessly
between the lab bench and the suite of
sophisticated computational tools.”
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Enabling Technologies

Molecular Biology

DNA

Metabolism

M etz;bol 1tes
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UMITED STATES EN¥IROMMENTAL PROTECTION AGENCY

COMPUTATIONAL
TOXICOLOGY

".to integrate modern computing and
information tfechnology with molecular biology
to improve Agency prioritization of data
requirements and risk assessment of
chemicals”

www.epa.gov/comptox
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What's It All About

Digitization
= Legacy data
= Dispersed data

Scale
= Chemicals
= Biological space
= Levels of biological organization
Quantifying
= Physiology, biochemical pathways and networks, biology

Data mining and management
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The Source fo Outicome Continuum

Historically the problem has been approached
one chemical at a time, one stage at a time,
with little progress in predicting across the

stages and across chemicals. Current
demands on the EPA are making this an
untenable approach. Computational Toxicology
was initiated to provide new thinking to
overcoming the bottlenecks.

Soul
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The Source to Outcome Continuum

GENOMICS, PROTEOMICS, and METABONOMICS:
IDENTIFY/CHARACTERIZE

Source/Stressor Formation % Effect/Outcome

Environmental Conc. Biological Event

External Dose Target Dose

COMPUTATIONAL METHODS:
PREDICT/PRIORITIZE
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Toxicity of conazoles in Integrated
Toxicogenomics Study

Liver Liver Thyroid Testicular
Chemical Toxicity Tumors Disruption Toxicity

Myclobutanil NO NO NO YES
Propiconazole YES YES NO NO
Triadimefon YES YES YES YES

Common MOA across conazoles, tissues, cancer/non-cancer?

Use combination of toxicology and genomics to answer these questions.
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Iconix genomics signatures combine with their reference
database to correctly group EPA compounds with other
conazole antifungals

Enriched for:
Azole antifungals, p<4.9E-11

MYCLOBUTANIL
PROPICONAZOLE
TRIADIMEFON
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Martin, et al
Toxicol. Sci. in press
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CYP and CAR/PXR are differentially
expressed in conazole treated rat livers

A: Liver CYPs B: Liver ?AR/PXR

My¢lo PrEpi T}i
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Toxicological Information Gaps
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>10,000 Chemicals in Need of Evaluation

Antimicrobials 750
EDCs 1500

H20 CCLs 7324 HPVs 3300

Pesticidal Inerts 3310

MPVs 5400
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Large Data Gaps Exist for Many Chemical Types

Estimated Mean Percent in Selected Universe

Pesticides and Ingredients - 3350
Cosmetic Ingredients - 3410
Drugs and Excipients - 1815

Food Additives - 8627

Chemicals (> 1M Ib/yr) - 12860

Chemicals (< 1M Ib/yr) - 3911

Chemicals (unknown) - 752

I |
20 60 80

Complete Hazard Assessment Possible Partial Hazard Assessment Possible
Minimal Information Available . Some Toxicity Information Available
. No Toxicity Information Available

Strategies for Closing the Chemical Data Gap

by John 5. Applegate and Katherine Baer
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Bioactivity Profile of Environmental Chemicals

Goal: assesses broad
biological effect patterns
and correlate with the
patterns of known

NO“'Spef'f'C Assay toxicants for forecasting
'nterl erence potential for hazard
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ToxCast - A New EPA Research Program

Chemical (Dix et al, Toxicol Sci. 2006 in press)

Grouping PhysicgiaChemical Indicators
Bin 1 . - '
Bin 2 . " .

, Biochemica >
Bin 3 OQ/CQ/
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Pesticides as Proof of Concept

~800 Registered in the United States
Wealth of Toxicological Information

= Developmental, reproductive, chronic, etc

Represent broad range of chemistries

= Azoles, carbamates, pyrethroids, triazines, etc.
Designed with biological activity in mind

= Receptor binding, enzyme inhibition, cytoskeletal, etc.

Have created a library of 400 for study
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Molecular Docking Experiments & virtua/-HTS

Q@ — (Y

Complex
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PPAR Receptor and Molecular Docking

Affinity grid
for NPPAR-a

DOCKING A TOXICANT PDB ID: 117G
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Docking Animation: PFOAs & PPAR PPAR-a. agonist

Fluorocarbons
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ToxCast - Beyond Proof of Concept

= Availability of a science-based system to categorize chemicals of like
properties and activities

= Tncreasing confidence as database grows

= Once operational, Mode of Action leads for new chemicals

= Provide EPA Program Offices with a relatively inexpensive predictive tool box

that heretofore has been seriously lacking

= Improve the efficiency and effectiveness of the use of animals in hazard
identification and risk assessment
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Chemical
structures
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About DSSTox
Work in Progress

Frequent Questions
Databases

Central Field Definition
Table

Apps, Tools & More
DSSTox Community
Site Map

Glossary of Terms

U.S. Environmental Protection Agency
Distributed Structure-Searchable Toxicity (DSSTox) Public

Database Network

Eecent Additions | Contact Us | Print Wersion Search:

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

EP& Home = Research & Development = Health and Environmental Effects Research = Distributed Structure-Searchable Toxicity (DSSTox) Public

Databasze MNetwork

DSSTox

The Distributed Structure-Searchable Toxicity (DS5Taox) Database Metwork is a project
of EPA's Computational Toxicology Program, helping to build a public data foundation
for improved structure-activity and predictive toxicology capabilities. The DiESTox
wehsite provides a public forum for publishing downloadable, standardized toxicity data
files that include chemical structures. Maore

[ Recent Additions: TMarls

““*New Database Additions:
S
* FDA Maximum (Hecommended) Daily Dose Database (FDAMDD) of 1217

. Public
Toxicity
Data Files

Chemml
Shln:huﬂs '1'

Help pharmaceuticals - 1har05 Import into \ Improved
User Dalabaso Tonicity
Expanded and modified versions: Applications Pradlm:n
. " . . . Structural
@ Consolidated, updated Carcinogenic Potency Database - All Species (CPDEBAS), Analog
1451 compounds: 91 new records added to vZa Searching

® CAS registry numbers added to EPAFHM and DEPCARN

@ 55Tox Graphic Flowchart
@ [55Tox Project Goals
@ [55Tox Publications

"““‘Mew Standard Fields added to all DS5Tox files:
B

L
@ |MChl (IUPAC/MIST Chemical Identifier) unigue structure-text codes
@ |UPAC systematic chemical names (generated by ACD/MName)
@ Standard Toxicity Fields: StudyType, Species, Endpaint fields

"“'New Features of Site:

I

@ FTFP Download Instructions for easy access to archived and new DS5Tox data files
@ Plew information pages: [NChl, D35Tox Standard Toxicity Fields

@ Links to External Public Databases adopting DS55Tox standards: |SSCAMN qew

DSS5Tax Databases:
CPOBAS wZa 1451 1Mar0s

DEPCAN wZa 203 1MarDS

EPAFHM wis E17 1Mar0s

FDAMDOD w1z 1217 1bkar05**

HCTRER w23 232 1k=r0s

onew Fdoition




Capturing the Legacy D
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Correlating Domain Outputs

- E Wi, XTI

Profile Matching

Nuclear Receptors

Toxicology Endpoints
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ToxCast Training Set
- Pesticide Actives

e
ArrayTrackDB

e
Genomics Profiles m ToxRef DB Mool DSSTox

ToxCastDB . . .
Toxicological Chemical Structural

Profiles Features
HTS Profiles

HTS Profile Genomic Profile Male Testicular | Mouse Liver | Rat Thyroid
Chemical Correlation Correlation Fertilit Atroph Tumors Tumor
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ToxCast Chemical Classification
of Environmental Chemicals

ArrayTrackDB

— S — 3
, , ToxRef DB DSSTox
Genomics Profiles

— =
Toxicological Chemical Structural
Profiles Features

HTS Profiles
Chemical Classification
Based on Known or
Predicted Toxicity

Tox
Profiles  Correlation Liver Kidney Liver
Present  Carcinogen Carcinogen Enzymes

Chemical A
Chemical B
Chemical C
Chemical D
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Gas Exchange

N

Brain

Rats:
pnd10: 20 g
Liver - Adult: 200 g (60 day)

% Metabolism Aged: 450 g (2 yr)

Gl Tract

Fat

Slowly Perfused

Rapidly Perfused

P RESEARCH & DEVELOPMENT
@ Building a scientific foundation for sound environmental decisions




Predicted Venous Concentrations in rats

- 6 hr 500 ppm

Methy| ethyl ketone

~ Trichloroethylene _ 2501

= =

= (@)
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e 2 100+
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2 0

S 3 50+
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) C ] ] ) ) |
10 15 20 25 0 5 10 15 20 25
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Modeling uses age-appropriate physiological and
chemical specific (e.g., partition coefficients,

metabolism rates) parameters
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The Virtual Liver:
A multiscale , computational model

libladder
o portal vein

COMIMmon
bile duct
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Molecular Circuitry

Anti-growth factors
(e.g. TGFp)

- ,a-oucu-pmzk---- Rac ==
(e [

Growth Factors Grb2
(e.9.TGFa) + m-l-m-l\-lll{-bﬂll(-bw

‘L \PHEKK

CdC42 — Rac = Rho
{e.g. Bombesin) - (7-TMR] G-Prot-»>Ad Cycl > PKA

Survival Factors
(e.9. IGF1) - (RTK ) — P13K —> Akt Akka —{ IxB

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




Reduction of uncertainty in risk assessment

(Mechanism-based approach)
(Policy-based approach)

Range of
uncertainty \ Range of
uncertainty

Information
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