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National Center for

Computational Toxicology

Compuaional

National Center for Computational Toxicology
(2005) established to integrate:

— High-throughput and high-content technologies

— Modern molecular biology

— Data mining and statistical modeling

— Computational biology and chemistry

Currently staffed by ~60 employees as part of
EPA’s Office of Research and Development

Home of ToxCast & ExpoCast research efforts
Key partner in U.S. Tox21 federal consortium



Why we must innovate...
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Toxic Substances Control List

Agency
Environmental Topics Laws & Regulations About EPA Search EPA.gov Q

CONTACTUS  SHARE (f) (w) (@) @

NS NN

TSCA Chemical Substance Inventory

* Inventory was Iinitially published in 1979

e Second version, containing about 62k chemical
substances, was published in 1982

o Continues to grow and now lists ~85k chemicals,
about 15k are confidential business information

https://www.epa.gov/tsca-inventory/how-access-tsca-inventory



The need for data and derivative

models -and algorithms

United States

Agancy

« NCCT outputs: include a lot of data, models,
algorithms and software applications

 We produce Open Data — we want people to
Interrogate Iit, learn from it, develop understanding

Toxicity Forecasting

Advancing the Next Generation
of Chemical Evaluation

EPA needs rapid and efficient methods to
prioritize, screen and evaluate thousands of
chemicals. EPA's Toxicity Forecaster
(ToxCast) generates data and predictive
models on thousands of chemicals of interest
to the EPA. ToxCast uses high-throughput
screening methods and computational
toxicology approaches to rank and prioritize
chemicals. In fact, EPA's Endocrine Disruption
Screening Program (EDSP) is working to use ToxCast to rank and prioritize chemicals.

« ToxCast has data on over 1,800 chemicals from a broad range of sources including industrial
and consumer products, food additives, and potentially "green” chemicals that could be safer
alternatives to existing chemicals.

» ToxCast screens chemicals in over 700 high-throughput assays that cover a range of high-

Downloadable Computational Toxicology Data

EPA's computational toxicology research efforts evaluate the potential health effects of thousands of chemicals. The process of
evaluating potential health effects involves generating data that investigates the potential harm, or hazard of a chemical, the
degree of exposure to chemicals as well as the unique chemical characteristics.

As part of EPA's commitment to share data, all of the computational toxicology data is publicly available for anyone to access and
use.

High-throughput Screening Data

EPA researchers use rapid chemical screening (called high-throughput screening assays) to limit the number of laboratory animal
tests while quickly and efficiently testing thousands of chemicals for potential health effects.

« ToxCast Data: High-throughput screening data on thousands of chemicals.

Rapid Exposure and Dose Data

EPA researchers develop and use rapid exposure estimates to predict potential expasure for thousands of chemicals.

« High-throughput toxicokinetics data: It is important to link the external dose of a chemical to an internal blood or tissue

concentration thig nroceeg ig callad tavicakineticg FPA regearcherg meaciwe the critical factarg that determine the digtribition

Erreircnmientsl Protection




Underpinning with chemicals




Approximately 15 Years of Data...

Growing with daily curation

pssTox_High B 4535
DSSTox_Low P 16K J\

public_High M 33K V
Public_Medium - 101K
public_Low T 584K
P Public_Untrusted A - 310K pending

~ 150K pending

DSS5Tox_High:  Hand curated and validated

DSSTox_Low: Hand curated and confirmed using multiple public sources

Public_High: Extracted from EPA SRS and confirmed to have no conflicts in ChemID and PubChem
Public_Medium: Extracted from ChemID and confirmed to have no conflicts in PubChem

Public_Low: Extracted from ACToR or PubChem

Public_Untrusted: Postulated, but found to have conflicts in public sources




Is 750,000 substances BIG DATA?

e # of chemical substances in databases

EMBL-EBI

I AREMR
3 ChEMBL

PUb©hem ChemSpider

Search and share chemistry

Compounds: 91,490,492 ChEMBL Statistics
Substances: 230,805,802
BioAssays: 1,252,791 s DB: ChEMBL_23
Tested Compounds: 2,395,818 « Targets: 11,538
| Tested Substances: 3,818,645 S - ; .
| RMAI BioAssays: 112 M ll = Lompound records:
« BioActivities: 233,481,319 I |On = L
Protein Targets: 10,342 Chemu:al Structu res s Distinct compounds:
Gene Targets: 22,079 1,735,442

n  Activities: 14,675,320
s Publications: 67, 722

» Release Notes

» Data quality Is a challenge!!! Careful curation



Chemical representation levels

supporting data integration

Chemotypes, fingerprints,
physchem properties, ...

Features <
Properties

Structure < > Vi SMILES
InChl

OH OH

Chemical Name
CASRN

> Supplier, Lot/Batch,
physical description




Chemical representation levels

supporting data integration

_ _ Chemical analogs,
Chemotypes, fingerprints,

Features < > hvach " Read-across,
Properties physchem properties, ... SAR modeling
Structure > Vi SMILES  Structure searching
InChl & modeling
Generic ) Chemical Name Public toxicity
Substance CASRN datasets

Test > Supplier, Lot/Batch, Experimental
Sample physical description Endpoint Data




Integrating in vitro and in vivo data
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Adding High-Throughput
Hazard Screening Data
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TEN YEARS of Assay Measurements:

ToxCast & Tox21

Set Chemicals | Assays | Endpoints [ Completion
ToxCast Phase | | 293| -~600 ~700 2011
ToxCast Phase Il [j 767 ~600 ~700 03/2013
ToxCast E1K E 800 ~50 ~120 03/2013
ToxCast Phase Il D ~900| ~300 ~300 In progress
Tox21 [__| ~9000 ~80 ~150 In progress
~800 A Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV,

0 Chemicals

endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS,
FDA PAFA, EDSP, water contaminants, exposure data, industrial, failed
drugs, marketed drugs, fragrances, flame retardants, etc.




High-Throughput Bioactivity to

|dentify Potential Hazards

= Assays in dose-response format (AC50 — and efficacy if data
described by a Hill function)
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http://actor.epa.gov/dashboard/

Adding Product Use and Exposure
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High Throughput Measurement
to Identify Exposure = n -

(=) Espafiol | wh3Z: BEEME | W3 EIEMR | Tiéng viet |
f’ EPA US Environmental Protection Agency

Learn the Issues Science & Technology Laws & Regulations About EPA _ Q

Related Topics: Safer Chemicals Research Contact Us  Share

Rapid Chemical Exposure and Dose Research

EPA is responsible for ensuring the safety of thousands of chemicals. Quantitative exposure data are available for only a small
fraction of registered chemicals. This type of exposure data is needed to thoroughly evaluate chemicals for potential risks to
humans, wildlife and ecosystems. EPA is developing innovative methods to develop exposure estimates for thousands of chemicals

to better protect human health and the environment. These innovative methods are called rapid exposure and dose assessments.

Rapid Exposure Predictions

Rapid, also called high-throughput, exposure predictions or ExpoCast provide rapid
exposure estimates for thousands of chemicals. ExpoCast quickly and efficiently
looks at multiple routes of exposure to provide exposure estimates. ExpoCast uses
and enhances two well-known exposure models to estimate chemical exposure.

» Farfield Exposure Models

> Nearfield Exposure Models

Evaluating High-throughput Exposure Predictions

CMNiA fe cooeememdls caemliimdbimn Han adfFactbhvmonmee af lial Haeoo ealosonab cosemesee nen mamdad -




Building Models from the data
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Toxcast Dashboard
https://actor.epa.gov/dashboard s

e Access and Interrogate chemical screening
data from ToxCast and the Tox21 collaboration

<EPA iCSS ToxCast Dashboard

Chemical Summary

- Help

Assays Database: prod_dashboard_v2
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Multiple Dashboards

Delivered

oPCat, Chemical and Product Categories
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What we have learned...

e Data curation, standardization and versioning
IS essential

* Prototype application development suffices
for research projects but production
development requires managed processes

« ODOSOS (Open Data, Open Source and
Open Standards) endows many benefits

e With this in mind...

19



Our Latest Dashboard
https://comptox.epa.gov
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Chemistry Dashboard

bisp| Q
Bisphenol A
Bisphenol A bis(2-hyd hyl ether) diacryl
Bisphenol A bis(2-hyd hyl ether) dimethacryl

Bisphenaol A bis(;
Bisphenol A diglycidyl ether

Bisphenal A glycidyl methacryl
Bisphenol A propoxylate diglycidyl ether

-hydroxypropyl) ether

Bisphenal & propoxylate gh Ite diacryl
Bisphenal A-epichlorahydnin-2,2'8,8 b bisphenal &
Bisphenol ichlarohydrin-paly idehyd
L -
About Contact Privacy s ACToR o e DSSTox Accessibility Help Downloads =
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Isphenol A SEPA

Erreircnmientsl Protection
Agancy

2 ] t
‘\.I" EPA ental Protection Home Advanced Search Batch Search

ChemIStry DaSh boal'd Submit Comment Share = Copy v EERd Aa Ag -

Bisphenol A

80057 |DTXSIDT 32

@ Searched by Approved Name: Found 1 resutt for ‘bisphenol A",

a | K iy Q-

Wikipedia

Bisphencl A (BP&) is an crganic synthetic compound with the chemieal formula (CH3)2C(CEH40H)2 belenging te the group of

HBC CH3 diphenylmethane derivatives and bisphencls, with two hydroxyphenyl groups. It is a colorless solid that is soluble in organic solvents, but poorly
soluble in water. It has been in commercial use since . BPA is employed to make certain plastics and epoxy resins. BPA-based plastic is
clear and tough... Read more

Intrinsic Properties
Structural ldentifiers
HO OH Related Compounds (Beta)

Presence in Lists

Record Information

Chemical Properties Env. Fate/Transport Syncnyms External Links Toxicity Values (Beta) Exposure Bicassays Similar Molecules (Beta) Literature Comments

e
About Contac Privacy s ACTOR e e DSSTox Accessibility Help Downloads -

Chemical Properties Env. FatefTransport Synonyms External Links Toxicity “Walues (Beta) Exposure Bioassays Similar Molecules (Beta) Literature Comments
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Chemical Properties SEPA

‘\-I"EPAEH tal Protection Home Advanced Search Batch Search
Agency

ChemIStry DaSh boal'd Submit Comment Share = Copy v EERd Aa Ag -

Bisphenol A

80057 |DTXSIDT 32

@ Searched by Approved Name: Found 1 resutt for ‘bisphenol A",

a | K iy Q-

Wikipedia

Bisphencl A (BP&) is an crganic synthetic compound with the chemieal formula (CH3)2C(CEH40H)2 belenging te the group of

HBC CH3 diphenylmethane derivatives and bisphencls, with two hydroxyphenyl groups. It is a colorless solid that is soluble in organic solvents, but poorly
scluble in water. It has been in commercial use since 1957. BPA is employed to make certain plasties and epoxy resins. BPA-based plastic is
clear and tough... Read more

Intrinsic Properties
Structural ldentifiers
HO OH Related Compounds (Beta)
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Chemical Properties

 Consuming and producing open data

LogP: Octanol-Water

Water Solubility

Density

Melting Point

Boiling Point

Surface Tension

‘apor Pressure

LogKea: Octancl-Air

Henry's Law

Index of Refraction

Molar Refractivity

pKa Acidic Apparent

Chemical Properties

Env. FatefTransport

Property

LegP: Cctancl-Water

Water Solubility

Density

IMelting Pgint

Beiling Paint
Surface Tension
“apor Pressure
Legkoa: Octanol-Air
Henry's Law

Index of Refraction
Molar Refractivity
pKa Acidic Apparent
Molar “olume

Pelarizability

Synonyms

Excel SOF

Average

Experimental Predicted
332(1) 124(4)
5.26e-04 (1) 1.58e-03 (4)
- 1.14 (1)

155 (7) 144 (3)

200 (1) 345 (3)

- 45001}

External Links

2.52e-07 (3)

10.3 (1)

200 (1)

27.0(1)

Median
Experimental Predicted Experimental
332 324 332
5.26e-04 1.58e-03 5.26e-04
- 1.14 -
158 144 153 fo 158
200 345 200
- 4.0 -
- 2.52e-07 -
- .28 -

Exposure Bioassays

Range
Predicted
24010373

5.7De-04 to 32.68e-02

7.01e-08 to 5.34e-07

Similar Molecules (Beta)

Literature

United States
Erreircnmientsl Protection
Agancy

Unit

dynicm
mmHg

atm-m3’mole

Comments




Data Distribution

 Consuming and producing open data

m Download as: = T

LogP: Octanol-Water

Water Solubility

Density

Melting Point

Boiling Point

Surface Tension

‘apor Pressure

LogKea: Octancl-Air

Henry's Law

Index of Refraction

Molar Refractivity

pKa Acidic Apparent

Chemical Properties
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LogP: Octanol-'Water
Water Solubility
Dengity

Melting Pgint

Beiling Point
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Synonyms

Excel SOF

Select/Deselect All

LogP: Octanol-Water
Water Solubility

Density

Melting Point
Beiling Point
Surface Tension

Yapor Pressure

Logkoa: Octanol-Air
Henry's Law
Index of Refraction
Welar Refractivity
pKa Acidic Apparent
Molar Velume
Polarizability
Download
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i
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Range
Predicted
24010373

5.7De-04 to 32.68e-02

7.01e-08 to 5.34e-07

Similar Molecules (Beta)

Literature

United States
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atm-m3’mole

Comments



Data Distribution

United States
Erreircnmientsl Protection

Aggimicy

A B C B E F G H

1 Property Average Median Range Unit

2 Experimental Predicted Experimental Predicted Experimental Predicted

3 |LogP: Octanol-Water 332 (1) 324 (4) 3.32 3.24 3.32 240to0 3.73 -

4 |Water Solubility £ 26e-04 (1) 1.58e-03(4) 0.000526 0.00158 0.000526  5.70e-04 to 3.68e-03 mal/L

5 Density - 1.14 (1) - 1.14 - - glem*3

6 Melting Paoint 155 (T) 144 (3) 156 144 153 to 158 132 to 157 °C

7 |Bailing Point 200 (1) 349 (3) 200 349 200 334 to 364 °C

8 |Surface Tension - 46.0 (1) - 46 - - dyn/cm

9 Vapor Pressure - 2.62e-07 (3) - 0.000000252 - 7.01e-08 to 5.34e-07 mmHg

10 |LogKoa: Octanol-Air - 8.38 (1) - 5.38 - - -

11 |Henry's Law - 6.96e-07 (1) - 0.000000696 - - atm-m3/maole

12 |Index of Refraction - 1.60 (1) - 1.6 - - -

13 |Molar Refractivity - 68.2 (1) - 6.2 - - cm"3

14 |pka Acidic Apparent - 103 (1) - 10.3 - - -

15 |Molar Volume - 200 (1) - 200 - - cm*3

16 |Polarizability - 27001 - 27 - - An3

4T

Chemical Properties Env. FatefTransport Synonyms External Links Toxicity “Walues (Beta) Exposure Bioassays Similar Molecules (Beta) Literature Comments
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Modeling Details SEPA

-
20182 Q

NCCT Models: Melting Point

Bisphenol A
80-05-7 | DTXSID7020182

Wodel Results

Predicted value: 144 °C

e o Global applicability domain: Inside @ Cal C u I ati O n Res u It
Yy Q) cmsmioco | for a chemical

HO

Model Performance
Weighted KNN model

Model Performance i .
with full QMRF o | T

Nearest Neighbors from the Training Set

=
Nearest Neighbors ol N
g ate :
o fj@ Pepey 0
from Training Set | -
Bisphenol A 4 4-Propane-1. 1-diyldiphenal phenal. 4 4-butylidenebis- ’ Bisphencl B meso-Hexestrol
Measured: 153 Measured: 132 Measured: 137 Measured: 121 Measured: 167
Predicted: 144 Predicted: 132 Predicted: 142 Predicted: 140 Predicted: 157

Chemical Properties Env. FatefTransport Synonyms External Links Toxicity “Walues (Beta) Exposure Bioassays Similar Molecules (Beta) Literature Comments




United States

Prediction Detalils and
QMRF Report

Model Results

Predicted value: 144 °C
. oy . - ! Applicability domain using the leverage approach. All treining set space considersd. More
Global applicability domain: Inside @ :Etiils  OMRE } Sl A S '
W L) .
Local applicability domain index: 0.91 @

Confidence level: 0.65 @

% QMRF_NCCT_MP_08212016 - Adobe Acrobat Pro (= = =T

File Edit View Window Help x

J @ Create + | @ D @ | {é} g%) @ & @ @) @ Customize - | lz‘
l- /10 ‘ o | — -|- | = Tools Fill & Sign | Comment

[au] »

OMREF identifier (JRC Inventory):To be entered by JRC

OMRF Title:MP: Melting point prediction
S from the NCCT Models Suite.

o

DM RE inti A av
o wueids | Printing Date:May 4, 2016

|1.QSAR identifier
1.1.QSAR identifier (title):
MP: Melting point prediction
from the NCCT_Models Suite.
1.2.0ther related models:
No related models
1.3.Software coding the model:

NCCT_models V1.02
Suite of QSAR models to predict physicochemical properties and environmental fate of organic

chemicals

L T m - ——Tr L] g—




Developing “NCCT Models”

e Our approach to modeling:
— Obtain high quality training sets
— Apply appropriate modeling approaches
— Validate performance of models
— Define the applicability domain and model limitations
— Use models to predict properties across our full datasets
— Release as Open Data and Open Models



Consuming and Curating

Public Data

United States
Erreircnmientsl Protection
Agancy

Public data should be curated prior to modeling

[ Mol Binck 8 cas § NAME 3 Smies |
HaC - &Hs
. \
N HiC—n
- 1000056939 BENZYL TRIMETHYL AMMONILIM CHLORIDE /N ]
H3aC Cl
CH3
CHs /——CHS
e r HaC ™ N\
SN 1200083-05-3 TETRAETHYL AMMONILM IOGIDE N\j
CHs (

CHs

HsC e

3

-
Jr;f\

HsC CHs

000071-21-0

TETRAETHYL AMMONIUM BROMIDE

Covalent Halogens

Srusture | Formoa cas | HAME | _w | Ewwr |
OH
O=._~
i caine | enmrme | oremerace | raerears 1080000005000 | 23800000000008 | 5 BH0MIOS00
\ Eyfighs - LACTE ALE) 1690030000000 | 20003000009 § BHO200800500
A 0DH
H.C
3
OH
O/
\ y » % L 2 3
\ CaMgOy DRoOTR34 LLACTE ACD) o 2300001 e,
s —OH
H,C
o,
“»_~0OH
f " 0580 > PP 1.500000000000 | 2 2660000000000 4 600300200000
/ Eahgl; DSHELD  AIYDROXYPROPONE ACD | A0S0 o b
i
HyC—
OH

pooaTreE 1,1,

HO OH

o BLAETE ALD $2800000000000 | 272000009000 | 3 GTALK000000

2de-001 Biavaat

- Mismatches
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LogP dataset: 15,809 structures

« CAS Checksum: 12163 valid, 3646 invalid (>23%)
« Invalid names: 555
- Invalid SMILES 133
» Valence errors: 322 Molfile, 3782 SMILES (>24%)
 Duplicates check:

—31 DUPLICATE MOLFILES

—626 DUPLICATE SMILES

—531 DUPLICATE NAMES
« SMILES vs. Molfiles (structure check)

—1279 differ in stereochemistry (~8%)

—362 “Covalent Halogens”

—191 differ as tautomers

—436 are different compounds (~3%)



Workflow Detalls and Data

Journal Enter keywords, authors, DOI etc.
' © | SAR and QSAR in Environmental Research »
— Volume 27, 2016 - Issue 11: 17th International Conference on QSAR in Environmental

and Health Sciences (QSAR 2016) - Part Il. Guest Editors: C.G. Barber and G.]. Myatt

258 Articles
. An automated curation procedure for addressing
chemical errors and inconsistencies in public

o datasets used in QSAR modelling *

K. Mansouri, C. M. Grulke, A. M. Richard, R. 5. Judson & A. ]. Williams &

Pages 911-937 | Received 03 Sep 2016, Accepred 24 Oct 2016, Published online: 25 Nov 2016

&6 Download citation http://dx.doi.org/10.1080/1062936X.2016.1253611 [ Cheskforupdates

OPERA Models: https://github.com/kmansouri/OPERA
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https://github.com/kmansouri/OPERA

Chemical Properties

Synonyms — curated and Open

Chemical Properties

Env. Fate/Transport Synonyms

Legend:

Bisphenol A
4.4'-|Propane-2,2-diyl)diphenol
phenol, 4 4'-[1-methylethylidene)bis-
80-05-7 R

BPA

4,4'-Propane-2,2-diyldiphenol

Phenol, 4 4'-[1-methylethylidene)bis-

{4 4-Dihydroxydipheny) dimethyimethane
2 2-Bis{ 4-hydroxyphenyl) propans
2, 2%-Bis{4-hypdroxyphenylpropans

2 2-BI5-{4-HYDROX Y-FHENYL)-FROFANE

2, 2-Bis{ 4-hydroxyphenyl) propans

Env. FatefTransport Synonyms

External Links

Valid Synonyms

External Links

Towicity “alues (Beta)

Exposure

Found 141 synonyms

Good Synonyms

Toxicity “Walues (Beta)

Other Synonyms

Exposure

Bioassays

4 Copy all Synonyms

Bioassays

Similar Molecules (Beta)

Literature

Similar Molecules (Beta)

United States
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Comments
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Taking advantage of online data

Chemical Properties

General

(&) EPA Substance Regist...

psr Iy

Env. Fate/Transport

Toxicology

(&) ACTeR

Synonyms External Links

Publications

B Toudine

eChemPortal provides free public access to information on properties of
0 chemicals. Direct links to collections of chemical hazard and risk Pr...
L informaticn prepared for government chemical review programmes at
b=

national, regional and international levels are obtained.

g

wr N =
wmp HMDE ® =ChemPortal & Google Patents
w Wikipedia (&) EDSP Dashboard me PubiMed

Q MSDS Lookup

Q ToxPlanet

Q@ ChemHat: Hazards an...

ChEMEL

@ Consumer Product Inf...

@ ECHA Brief Profile

@ ECHA Infocard

! Gene-Tox

! HSDB

(®) ToxCast Dashboard 2

! LactMed

# ACToR PDF Report

Q Sigma-Aldrich Chemic. ..

Chemical Properties

Env. FatefTransport Synonyms

! International Towicity E...

Q BioCaddie DataMed

Q Federal Register

Q Regulationz.gov

# RSC Publications

o Springer Materials

£ IRIS Assessments

Q CORE Literature Sear...

Q Bielefeld Academic Se. .

External Links

Toxicity “alues (Beta)

Toxicity “Walues (Beta)

Exposure Bioassays

Analytical

@ RSC Analytical Abstra. ..
# FOR-IDENT

o MONA: MassBank Mo
@ MEMI: Mational Enviro. ..

@ Tox21 Analytical Data

Exposure Bioassays

Unitad States
Erironmiental Probection
Agency

Similar Molecules (Beta) Literature Comments

Prediction

oo Chemicalize

o Proton MMR Prediction

o Carbon-13 MMR Pred...

i 20 MMR HSQC/HMB. ..

# ChemRTP Predictor

Similar Molecules (Beta) Literature Comments




Consuming Available
Toxicity Value Data

Chemical Properties Emv. Fate/Transport Synonyms External Links Texicity Values [Beta) Exposure Bioassays Similar Molecules (Beta) Literature Comments

Bicavailability Metric Download as: Tav Excel

Exposure Limit

Regulatory Toxicity Value
Point Of Departure:

Grouping Study Exposure  Study
Regulatory Toxicity V... 1D “ Priority Type Subtype Value Units Type Route Duration Species Media Details Source
Exposure Descriptor 457234 2 RfDo - D.05 mg'kg-d... - - - - - RSL de... RSL -
514D 5 1 - 0.05 ghg-d... - C ic - - ASEld.... 15
Effect Level 51404 RfD migi'kg oral hroni RSEI RSEI
An estimate (with uncertainty spanning perhaps an order of magnitude) of ~ *- - oral - - - EPARIs.. ACToR

Misc Hazard Informé - daily cral exposure to the human population (including sensitive

subgroups) that is likely to be without appreciable risk of deletericus [~ - oral . . . EPA R ACTER
Screening Level effects during a lifetime. It can be denved from a NOAEL, LOAEL, or ! oral Pennsyl \CToR
{ . . . . b - - - & ¥l... Al i1
| BMD, with UFs generally applied to reflect limitations of the data used. ’
Uncertainty Factor | Generally used in EPA's noncancer health assessments i - oral _ . . Pennsyl.. ACToR
253004 =] RfD inhalation 0.0 mg'kg-d... - inhalation - - - Pennsyl... ACToR
253005 5 unit risk inhalaticn 0.0 (g/m3)-1 - inhalaticn - - - Pennsyl... ACToR
253020 4 RfD oral 0.05 mg'kg-d... - oral - - - Detailed... ACToR
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United States
Erreircnmientsl Protection

Agency
Chemical Properties Env. Fate/Transport Synonyms External Links Toxicity “alues (Beta) Exposure Bioassays Similar Molecules (Beta) Literature Comments
Product & Use Categ... .
Product & Use Categories (PUCs) €)

Chemical Weight Fraction Download as: = TSV Excal
Chemical Functional Use

Product or Use Categorization Cateporization type Number of Unique Products .
Meonitering Data

adhesive CPCat Cassette 17
Exposure Predictions

manufacturing CPCat Cassette 17

mietals

paint CPCat Cassette 16

mianufacturing -

) CPCat Cassette 12

miachines

manufacturing CPCat Cassette 1

plastics

t-LIlG.Ir‘g_I]'EtErlﬁl CPCat Cassette 5

flooring

construction CPCat Cassette B -
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Consumer Product data

e Data gathered from multiple online data
sources — text mining and data downloads

o seventh’
WS LIIE  generation. SAFER

« CASRN and name mappings to produce
curated structure set with functional uses

* Produce Functional Use (FUSEDB) and
build predicted functional use models
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Chemical Properties

\,
(&)~ National Health and Nutrition Examination Survey

High-Throughput Models for Exposure-Based Chemical Prioritization in

the ExpoCast Project

Environ. Sci. Technol., 2013, 47 (15), pp 8479-8488 §

Product & Use Categori...

Chemical Weight Fraction

Chemical Functional Use

Monitoring Data

Expeosure Predictions

Env. FatefTransport

Download as: TS Excel

Bl = 30

BMI = 20

ExpoCast

€ National Health and Nutrition Examination Survey (NHANES) Inferences (ma/ig-owiday)

Lower 95th Limit

uuuuuu

Repro. Age Females 2.8

Females
Males

Total

Synonyms

uuuuuuuu

External Links

Toxicity “Walues (Beta)

Upper 95th Limit

4.52e-05

Exposure

Bioassays Similar Molecules (Beta)

Median
4.33e-05

2.52e-05

3.02e-05

o

Literature

United States
Erreircnmientsl Protection
Agancy

Comments




ToxCast and Tox21 Bioassays

PubChem

ScrubChem (Beta)

Chemical Properties

Chemical Activity Summary €

Scaled Top

Cytotox limit in uM {7.38)

]
]

-, &

U e |

United States

Agency

Show/Hide All
nuclear receptor .
background measurement
cell morphology [
dna binding
steroid hormone [
transporter

ion channel .

apcr
oxidoreductase [
kinase

protease .
cyp

cell cycle

cytokine

ACS50 (uM) cell adhesion molecules .

Env. FatefTransport Toxicity “Walues (Beta)

1000 -
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ToxCast and Tox21 Bioassays

Download as: TSN

Assay Name

Excel Show:

APR_Hepat_CellLoss_48hr_dn

APR_HepGZ2_MitoMass_24h_dn

APR_HepG2_OCxidativeStress_24h_up

APR_Hepat_DMNADamage_48hr_up

APR_HepG2_CellLoss_24h_dn

APR_HepG2_OxidativeStress_72h_up

ATG_HSE_CIS_up

Chemical Properties

Env. FatefTransport

Synonyms

Inactive

Hit Call

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

External Links

Background

Top

41

0574

1.20

1.84

1.20

1.80

1.59

Scaled Top ACHD

41

176

147

1.81

1565

3.38

Toxicity “Walues (Beta)

120

109

110

107

106

106

102

Exposure

Agency

log AC50]  Intended Target Family

2.08

2.04

2.04

203

2.02

2.02

2.01

cell cycle

cell morphalogy

cell cycle

cell marphalagy

cell cycle

cell cycle

dna binding

Similar Molecules (Beta) Literature

United States
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Comments




PubChem Bioassay Data Integratigg SEPA

rrvironmental Protection

ToxCast

ScrubChem (Beta)

Chemical Properties

Agency

PubChem Biological Activities

m PUBCHEM » COMPOUND 2> BISPHEMOL A » BIOLOGICAL TEST RESULTS » BIOASSAY RESULTS >

BioAssay Results

All (1,852) |atant=En]

Inconclusive(135) Inactive(1,038)

110 10 of 02 n AIEIRET:

Activity Activity Value [pM] Substance SID  BioAssay AID

Active

Active

Active

Active

Active

Env. FatefTransport

Synonyms

81140

81140

68531

81140

81140

External Links

135

Toxicity “Walues (Beta)

Y Refine/Analyze & Download

Unspecified(587)
v Activity
BioAssay Name
MCI Yeast Anticancer Drug Screen. Data for the rad30 strain
MCI Yeast Anticancer Drug Screen. Data for the mec2-1 strain
NCI Yeast Anticancer Drug Screen. Data for the sgsl mgtl strain
MCI Yeast Anticancer Drug Screen. Data for the cn2 radl4 strain

MNCI Yeast Anticancer Drug Screen. Data for the bub3 strain

Exposure Bioassays Similar Molecules (Beta) Literature

Target

Comments




Literature Search Integration

Google Scholar

Chemical Properties Env. Fate/Transport Synonyms External Links Toxicity “alues (Beta)
Google Scholar Select Term:
Hazard

Pubhed Abstract Sifter
Edit the Query Before Querying (25 Characters)

PubChem Articles 80.05-T

Hazard™ AND OR "Bisphencl A

PubChem Patents

Google

IRIS

Scholar

Articles
Case law

My library

Any time

Since 2017
Since 2016
Since 2013
Custom range...

Sort by relevance
Sort by date

v include patents
v include citations

Chemical Properties Env. FatefTransport Synonyms External Links

Toxicity “Walues (Beta)

United States
Erreircnmientsl Protection
Agancy

Exposure

Bicassays Similar Molecules (Beta) Literature Comments

AMD AND

"Hazard" AND "80-05-7" OR "Bisphenol A"

Basic exploratory research versus guideline-compliant studies used for hazard
evaluation and risk assessment: bisphenol A as a case study

RW Tyl - Environmental health perspectives, 2009 - search_proguest.com

Abstract Myers et al [Environ Health Perspect 117: 309-315 (2009)] argued that Good

Laboratory Practices (GLPs) cannot be used as a criterion for selecting data for risk

assessment, using bisphenol A [BFA) as a case study. They did not discuss the role (s) of

Cited by 53 Related articles All 13 versions \Web of Science: 34 Cite Save

An updated weight of evidence approach to the aquatic hazard assessment of
bisphenol A and the derivation a new predicted no effect concentration (Pnec)
usinga ...

M Wright-Walters, C Volz, E Talbott, D Davis - Science of the Total .... 2011 - Elsevier

An aquatic hazard assessment establishes a derived predicted no efiect concentration

(PNEC) below which it is assumed that aquatic organisms will not suffer adverse effects from

exposure to a chemical. An aguatic hazard assessment of the endocrine disruptor Bisphenol

Cited by 50 Related articles All 7 versions Web of Science: 34 Cite Save

Bisphenol A: acute aquatic toxicity

HC Alexander, DC Dill, LW Smith... - Environmental ..., 1988 - Wiley Online Library
.. species were not required. One tactor that must be consujered in the assessment

ot the chronic environmental hazard of bisphenel A is its reportedly rapid

biodegradation in surface waters. A biochemical oxygen demand test ..

Cited by 225 Related articles All 5 versions \Web of Science: 131 Cite Save

Exposure Bioassays Similar Molecules (Beta) Literature Comments




PubMed: BIG DATA Literature

United States

Search Integration e

Google Scholar Select Term: Edit the Query Before Retrieving Articles

PubMed Abstract Sifier Hazard v ("B0H05-7" OR "Bisphenol A" OR "bisphenol A") AMD [MOAEL or NOEL OR LOEL or Rfd OR
‘reference dose” OR “reference concentration” OR "adverse effect levelTtisb] OR "cancer slope
factorTtiab])

PubChem Articles Retrieve Articles s

PubChem Patents Add additional query terms to filter abstracts:

[ astrogen ] | rodent | [ EXposUrE Search and Count
IRIS
estro... rodent expo... Total PMID Pub¥r  Title
- 1] o 18236731 2005 Reproductive stimulation by low doses of xenoestrogens contrasts with the view of hormesis as an adaptive response. -
0 ] 11351428 .'3_3'.'!1 j of chemicals detected in saw lant effluents s determined by in vivo sssayvs with Japanese medska. .
[ B 2 23562005 2013 The estrogenic content of rodent diets, bedding, cages, and IEIEJbotties and its effect on bisphenal A studies.
0 a 11883873 2002 Something from "nothing™—eight weak estrogenic chemicals combined at concentrations below MOECs produce significant micture effe.
- 0 kil 27ET1134 2018 Impact of Low Dose Oral Exposure to Bisphenol A (BR4) on the Neonstal Rst Hypothalamic and Hippocampal Transcriptone: A CLAR. .. o

Record: M 4 3of108 » H

Title: The estrogenic content of rodent diets, bedding, cages, and water bottles and itz effect on bisphenol A studies.

Abstract: The lowest observed adverse effect lewvel for bisphenol A (BPA) in mice and rats is currently poorly defined due to inconsistent study designs and results in published studies. The objectives of the current
study were to (1) compare the ESIBRic content of fogdent dicts, bedding, cages, and water bottles to evaluste their impact on the [EEIER/c sctivity of BPA and (2) review the ltersture on BPA to determine the
miost frequently reported diets, beddings, cages, and water bottles used in animal studies. Our ltersture review indicated that low-dose BPA animal studies have inconsistent results and that factors contributing to
this inconsistency are the uses of high-phytoBSIEEN diets and the different routes of EposUNe. In 44% (76 of 172) of all reports, foderts were exposed to BPA via the subcutaneous route. Our litersture review
further indicated that the type of diet, bedding, caging, and water bottles used in BPA studies were not ahways reported. Only 37% (84 of 172) of the reports described the diet used. In light of these findings, we
recommend the use of & diet contsining low levels of phytof SIS (less than 20 pgig diet) and metabolizable enargy (approvdmatety 3.1 keal'g diet) and [ESEEEE-free bedding, cages, and water bottles for studies
evalusting the ESHBEERic sctivity of endocrine-disrupting compounds such as BPA. The oral route of B4 Expasune should be used when results are to be extrapolsted to humans.
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Linked Directly to PubMed

PubMed

United States
Erreircnmientsl Protection
Agency

PubMed comprises more than 27 million citations for biomedical literature from MEDLINE, life science journals, and online
books. Citations may include links to fulHext content from PubMed Central and publisher web sites.

Publﬁ]ed gov Publ/ed all
US Mational Library of Medicine
Mational Institutes of Health Advanced

Format: Abstract - Send to -

J Am Assoc Lab Anim Sci. 2013 Mar,52(2):130-41
The estrogenic content of rodent diets, bedding, cages, and water bottles and its effect on
bisphenol A studies.

Thigpen JE'. Setchell KD, Kissling GE. Locklear J. Caviness GF, Whiteside T, Belcher SM, Brown NM, Collins BJ. Lih FB, Tomer KB, Padilla-Banks E.
Camache L, Adsit FG, Grant M.

4 Author infoermation

Abstract

The lowest observed adverse effect level for bisphenol A (BPA) in mice and rats is currently poorly defined due to inconsistent study designs and
results in published studies. The objectives of the current study were to (1) compare the estrogenic content of rodent diets, bedding, cages, and
water bottles to evaluate their impact on the estrogenic activity of BPA and (2) review the literature on BPA to determine the most frequently
reported diets, beddings, cages, and water bottles used in animal studies. Our literature review indicated that low-dose BPA animal studies have

incensistent results and that facters contributing to this incensistency are the uses of high-phytoestrogen diets and the different routes of exposure.

In 44% (76 of 172) of all reports, redents were exposed to BPA via the subcutaneous route. Our literature review further indicated that the type of
diet, bedding, caging, and water boftles used in BPA studies were not always reported. Only 37% (64 of 172) of the reports described the diet
used. In light of these findings, we recommend the use of a diet containing low levels of phytoestrogen (less than 20 pg/g diet) and metabolizable
energy (approximately 3.1 kcal/g diet) and estrogen-free bedding, cages, and water bottles for studies evaluating the estrogenic activity of
endocrine-disrupting compounds such as BPA. The oral route of BPA exposure should be used when results are to be extrapolated to humans.

PMID: 23552095 PMCID: PMC3624780
[Indexed for MEDLINE]  Free PMC Article

tony27587 i.com My NCBI Sign Out

Help

Full text links

ingenta| PMC rulfe

Save items

Add to Favorites -

-

Similar articles
The effect on sperm production in adult Sprague-
Dawley rats exposed by gavag [Toxicol Sci. 2003]
High-fat diet aggravates glucose homeostasis

disorder caused by chronic e [J Endocrinol. 2014]

Organizational effects of perinatal exposure to
bisphenol-A and diethylstilt [Endocrinology. 2013]

BPA, an energy balance disruptor.
[Crit Rev Food Sci Nutr. 2015]

Preimplantation Exposure to Bisphenol
A and Triclosan May Leac [Biomed Res Int. 2015]

See reviews. ..

See all
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Answering Questions

* | have a 1000 CAS Numbers (or Names) —

IS there data available?

— Has any Toxcast data been run?

— Are there Toxicity Data values available?

— Are there predicted exposure data (via Expocast)?
— Can | get predicted physchem data for my model?

 Identifying chemicals by analytical chemistry

44



Mass Spectrometry Analyses

o Targeted Analysis:

- We know exactly what we’re looking for
- 10s — 100s of chemicals

e Suspect Screening Analysis (SSA):

-  We have chemicals of interest
- 100s — 1,000s of chemicals

 Non-Targeted Analysis (NTA):

- We have no preconceived lists
- 1,000s — 10,000s of chemicals
- In dust, soll, food, air, water, products, etc.



NTA Applications

v« Exposure survelllance
— What chemicals are in food, products, dust, blood, etc.?

£pol 4
Ml

e Chemical prioritization

— What are relevant chemicals & mixtures?
&k  EXxposure forensics
— What are chemical signatures of exposure sources?

o AN Effect-directed analysis

A — What are the biologically active chemicals in complex mixtures?
B A A .‘

» Biomarker discovery
— What chemicals are predictive of bioactivity/health impairment?



Batch Searching - Formulae

Select Input Type(s)

Include top 3
#| Exact Molecular Formula
Select Output Format
Excel v
Customize Results
Chemical ldentifiers Structures
i
i # SMILES
# CAS-RN InChl String
InChlkey

# IUPAC Mame
Metadata

Curation Level Details
# Data Sources

hits

United States
Erreircnmientsl Protection
Agancy

Enter ldentifiers to Search

C12H25N02

Intrinsic Properties

Melecular Formula
Average Mass
Meoncisctopic Mass




Batch Searching - Formulae

= @~ o AW N =

RN B NN D DR DR EEE

e Uses data source ranking
* Production volume ranking in development

United States
Erreircnmientsl Protection
Agency

A B c D E F G
INPUT DTXSID CASRN PREFERRED NAME MOL FORMULA _MONOISOTOPIC MASS DATA SOURCES
C14H22N203  DTXSID2022628 29122667 Atenolal C14H22N203 266 163042576 16
C14H22N203 DTXSID0021179 6673-354  Practolal C14H22N203  "266.163042576 32
C14H22N203 DTXSID4048854 841-73-6 Bucolome C14H22N203  "266.163042576 20
C14H22N203 DTXSID1045407 13171-25-0  Trimetazidine dihydrochloride C14H24CI2N203 338.116398 "9
C14H22N203 DTXSID0045753 56715-13-0  R-(+)-Atenolal C14H22N203  "266.163042576 19
C14H22N203 DTXSID2048531 5011-34-7  Trimetazidine C14H22N203  "266.163042576 "4
C14H22N203 DTXSID10239405 93379-54-5  Esatenolol C14H22N203  "266.163042576 12
C14H22N203  DTXSID50200634 52662-27-8  N-(2-Diethylaminoethyl)-2-(4-hydroxyphenoxy)acetamide C14H22N203  266.163042576 7
C14H22N203 DTXSID4020141  51706-40-2  dl-Atenclol hydrochloride C14H23CIN203  ™302.1397203 ’5
C14H22N203  DTXSID1068693  51963-82-7 _ Benzenamine. 2 5-diethoxy-4-(4-morphalinyl)- C14H22N203 266 163042576 5
C1BH34N206S DTXSID3023215  164-21-2 Lincomycin C18H34N2065 406213757997 35
C18H34N206S DTXSID7047803 859-18-7 Lincomycin hydrochloride C18H35CIN206S 442 1904357 2
C1BH34N206S DTXSID20849438 1398534-62-7 PUBCHEM 71432748 C18H35CIN206S 142 1904357 "
C10H12ZN20  DTXSID1047676  486-666 Catinine C10H12ZNZ0 "176.094963014 10
C10H12N20  DTXSIDB0O75330 50-67-9 Seratonin C10H12N20 "176.094963014 D2
C10H12N20  DTXSIDB044412 2654-57-1  4-Methyl-1-phenylpyrazolidin-3-one C10H12N20 "176.094963014 "8
C10H12N20  DTXSID80165186 153-98-0 Seratonin hydrochlaride C10H13CIN2O  "212.0716407 11
C10H12N20  DTXSID2048870 29493774  (4R.5S)4-methyl-5-phenyl-4,5-dihydro-1,3-oxazol-2-amine C10H12N20 "176.094963014 10
C10H12N20  DTXSID10196105 443-31-2 6-Hydroxytryptamine C10H12N20 "176.094963014 ¢
C10H12N20  DTXSIDI0185693 31822-84-1 1.4 5 6-Tetrahydro-5-phenoxypyrimidine C10H12N20 "176.094963014 7
C10H12N20  DTXSID40178777 2403-66-9  2-Benzimidazoleprapanal C10H12N20 "176.094963014 7
C10H12N20  DTXSIDB0157026 13140-86-8  N-Cyclopropyl-N-phenylurea C10H12N20 "176.094963014 ’5
C10H12N20 __ DTXSID30205607 570-14-9 4-Hydroxytryptamine C10H12N20 "176.094963014 (5
C14H18N403 DTXSID5023900 17804-35-2  Benomyl C14H1BN403 290137890456 68
C14H18N403 DTXSID3023712  738-70-5 Trimethoprim C14H1E8N403  "290.137890456 1
C14H18N403  DTXSID40209671 60834-30-2  Trimethoprim hydrochloride C14H19CINAO3 326 1145682 B
C14H18N403 DTXSID70204210 55687-49-5 Benzenemethanol, 4-{(2.4-diamino-5-pyrimidinyl)methyl)}-2, C14H18N403  "290.137890456 (5
C14H18N403 DTXSID20152671 120075-57-2  6-Methoxy-4-(3-(N.N-dimethylamina)propylamino}-5.8-quin: C14H18N403  290.137890456 ¢
C14H18N403 DTXSID30213742 63931-79-3  1H-1.2,4-Benzotriazepine-3-carboxylic acid, 4, 5-dihydro-4- C14H18N403  290.137890456 7
C14H18N403 DTXSID30219608 69449-07-6 2 4-Pyrimidinediamine, 5-((3.4 5-trimethoxyphenyl)methyl} C14H20N404 308 14845514 3
C14H18N40O3 DTXSID20241155 94232-27-6  L-Aspartic acid, compound with 5-({3.4.5-trimethoxyphenyl C18H2E6NE07 423176398165 3
C14H18N403 DTXSID80241156 94232287  L-Glutamic acid. compound with 5-((3.4,5-trimethoxypheny C19H27TM507  "437.191048229 &




Chemical Prioritization:
Dust Case Study

900 -
g ) ) ) . 3-Hydroxy-h-(3-
12 Ee;ﬁﬁg‘[mm'”* Oleicacid[(33]  Calcifediol [4] T;ﬁﬁg‘iﬁg’g?ﬁ” nitrophenyljnaphihale
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600+ :
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E MN-[3- 2-Hydroxy-3- Tris(2-
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dodecanamide[5]  2-enoate [16] phosphate [3]
300~ | P
200 - ToxPi Detection 5 ML
Legend T ; i . M-
9 Frequency (Tetradecylimino)dieth  Alfacalcidol 4] Mg;ﬁgg”ifaﬂ?;‘f Norcodeine (8] Dimethyldodecan-1-
anol (2] PRy, amine [2]
Bioactivity
100+ ¥
© Abundance e : - ; e
Exposure
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; toluamide (DEET) [4] [16] piperidyl) sebacate [2] 91
ToxPi Score

Rager et al., Environ. Int., v88, March 2016, pp 269-280. DOI: 10.1016/j.envint.2015.12.008



Suspect Screening Results: Y
Dust Case Study

Chemical confirmation from ToxCast

DEET:
52/56 samples
Med conc=2 pg/g

53/56 samples Med conc=0.5 pg/fg
Med conc=12 pg/g

Detection frequency g . e s—

External calibration for concentrations

Dust Conc (pg/g)

Cluster analysis (homes/chemicals) ﬁ' Chermicals Found in 2 50% of House Dust Samples

G—

N-Dodecanoyl-N-
methylglycine:
51/56 samples
Med conc=40 pgfg

Chemical functional use

Propylparaben:
49/56 samples

Med conc= 2 pg/g

@

pron f—

49/56 samples

=2250)

Unigue Chemicals (n:

ie 1

TDCPP:
40/56 samples
Med conc= 6 pg/e
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Wetting ‘6""‘ W EE N S F 0 SEESRSRD |

Tox21 Chemicals with
Unknown Functional Use

Med conc=0.5 pg/g
Dipropylene glycol)
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Improving Exposure Estimates and

Characterization

100 Consumer Products and Articles of Commerce
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423 ToxCast and/or Commonly Occurring Chemicals*
X N T R
\
N
| Ild

¢ GCXGC-MS with DCM Extraction
e 1606 tentative and confirmed chemical
identifications

Commaon Chemical (n=19)
ToxCast

M Flame Retardant

B Pogtent ER

Count

-4 -2 0 2

Log,, (ng/g)

Air freshener
Baby soap

Carpet

Carpet padding
Cereals

Cotton clothing
Deodorant

Fabric upholstery
Glass cleaners
Hand soap

Indoor house paint
Lipstick

Plastic children’s toys
Shampoo

Shaving cream
Shower curtain
Skin lotion
Sunscreen
Toothpaste

WVinyl upholstery

Wambaugh et al. Unpublished



“RapidTox” in Development

e Semi-automated decision support tool for high-
throughput risk assessments

e Use the Dashboard “architecture” and data streams
and add appropriate functionality

« Combine diverse data streams into quantitative
toxicity values with uncertainty estimates

e Test out new prototype capabilities for internal users
— e.g. GenRA (Generalized Read Across)



ISk Assessments Generally Contain a
tandard Set of Components
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We are assembling these components to
deliver RapidTox



Problem #1 — SuperFund site

e At a SuperFund site, EPA has
identified 600 unigue chemicals

« 300 of these have “good” reference
doses/concentration (RfD/RfC), but
300 do not

|+ Can we determine “good enough”
~_~ RfD/RfC to aid in cleanup planning?

 Can we do it “quickly”?



Problem #2 — Prioritize inerts

« Office of Pesticide Programs (OPP)
petitioned to perform risk
assessments on 100s of pesticidal
“Inert ingredients”

« Companies have not typically been
required to submit in vivo data on
Individual inerts

e Can we prioritize which of these
chemicals should be the focus of
detailed risk assessments?
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RapidTox Dashboard in development
Risk Assessment Tool

RapidTox Report: Bisphenol A

Property Value
RE, CASRN 80-05-7

Preferred Name Bisphenol A
IWPAC Name 4 4'-propane-2,2-dividiphenol

HO oH
SMILES CC{CHCA=CC=C(0)C=C1)C1=CC=C{OyC=C1
InCHI Key ISBACLAFKSPT-UHFFFADYSA-N
Farmula C15H1802

Executive Summary

» Quantitative Risk Assessment Value
o RIS values available
o EPA RSL values available
o Minimum RfD: 0.050 mg'kg-day (RIS, oral, - -}
o Minimum oral POD: 5.0 mg/kg-day (ToxFRefDB, LOEL, sub, rat)
o No RfC calculated
o No inhlation POD values
o HTTK Css(95% )= 1.68, Ces(median}=0.569 um/{mg/kg-day)
o NWIWVE POD = 0.0535 to 0.156 mg/kg-day, based on NVS_NR_hCAR_Antagenist ACS0=0.02% ul
o Genes with activity below 1 uM: ESR1, ESR2, Esrl, PPARA, NR1I3, EEZR1, NR1Z, MMP3, Cyp2ci1, Tpo

Summary Plots

External Links

« ACToR

+ Chemistry Dashboard
+ RapidTox Dashboard
« EDSP21 Dashbeard
+ ToxCast Dashboard
+ CPCat

Oral PODs

—e R
® mouse chr NOEL
™ mouse chr LOEL

-—e rat mgr NOEL

*—e rat mgr LOEL

@ ratdevNOAEL

® rat dev LOAEL
@@ ratdevNOEL
o—@ ratdevLOEL

® rat chr LOAEL

) rat sub MOEL

) rat sub LOEL

-4 -2 0 2 4 [ 3
log(POD mg/kg/day)

log(VP)

3 EDSP ToxCast
20+ active total 1.6k active total
-5 0 5 10 15 18 1.4k~
logP 164 | 12k
137 o Fd
§ 124 E 1.0k~
@ 10 £ 0.8k
-5 0 5 10 15 8 0.6k
log(BCF) ii | 0.4k
715 2] || 0.2k
j— 0 . . 0 ‘
4 2 0 2 ER AR ToxCast

United States
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Quantifying Uncertainty & Assessing

Performance of Read-Across - GenRé

« “Chemical-Biological Read-Across” - predict toxicity as a
similarity-weighted activity of nearest neighbors

« Evaluates read-across performance and uncertainty using
available data

@" Dissimilar
-,

i chemical

" e Similasity value
between (Q and
chemical 2

"7 | Activity of chemical 2 |

s Most similar
chemical




Work-Iin-progress

United States
Erreircnmientsl Protection
Agency

NM By: | chm_mrgn v [ K |10 v | Selby: | tox_txrf v Summary: Grp: | tox_txrf v | By: |tox_fp v
{_;:;0 -
I
Hexaconazole ‘G‘-ré
| Flusilazole
¢ Fluconazole . F
Fosfluconazole ‘:j
£I \oriconazoke . ]
| e Voriconazoke . &
~~ Cyproconazole Flutriafol . Es
Hexaconazols
G' __s: DI'.:ZD_ .
% = : & . ebuconazole SUE:Body Weight ... .
- Flusilazole o i
Triticonaz oke o 'O — — . DEV:Body Weight
L Cyproconazole i
o
._F“-:D"ﬂ:f'; ey Myzlobutanil Pyrasulfotole metabo
A 1.2.4-Triazole 2
|
c‘qﬂ | Myckobutanil ....
Bromuconazole | a,g,:‘,\
| ;S
| Fenbuconazole
M
%w e
|pconazale _:""'. '\'.-.:'}Q
M Tetraconazole
Metconazole
GenRA v | Min+: |0 ¥ Filter by |Enter text Sim

CHR:Adrenal Gland

CHR:Blood vessel
CHR:Body Weight
CHR:Bone

CHR:Brain

CHR:Clinic al Signs
CHR:Epididymis
CHR:Eye

CHR:Food Consumption
CHR:Heart
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Deliver Data and Models
for Reuse

Toxicity ForeCaster (ToxCast™) Data

EPA's most updated, publicly available high-throughput toxicity data on thousands of
chemicals. This data is generated through the EPA's ToxCast resesarch effort. ToxCast is
part of the Toxicology in the 21st Century (Tox21) federal collaboration. All datais
available for downlead and includes the fellowing data sets. The release date and
version names for the data sets are provided in the table below.

As part of EPA’'s commitment to share data, all of the computational toxicology data is

publicly available for anyone to access and use. EPA's computational toxicology data is

considered "open data”, and thus all of the data below are free of all copyright
restrictions, and fully and freely available for both non-commercial and commercial
use,

e ToxCast & Tox21 Chemicals: A list of all chemicals screened, along with descriptions.

e ToxCast & Tox21 High-throughput Assays: Information about the hundreds of assays used to screen the chemicals.

e ToxCast & Tox21 Summary Data: Summary hit calls for all chemicals and concentration response curves for all assays.

e MySQL Database: Downloadable database that provides access to EPA's analysis of the ToxCast and Tox21 high-throughput screening
data.

e R Package: The computer programming package used to process and model all EPA ToxCast and Tox21 chemical screening data.

e Data Spreadsheet: Spreadsheet that provides access to EPA's analysis of the ToxCast and Tox21 high-throughput screening data.

* Concentration Response Curves: Concentration response curves for all ToxCast & Tox21 assays.

* Collaborative Estrogen Receptor Activity Prediction Project Data: Data and supplemental files from CERAPP, a large-scale modeling
project.

https://www.epa.gov/chemical-research/toxicity-forecaster-toxcasttm-data



https://www.epa.gov/chemical-research/toxicity-forecaster-toxcasttm-data

Open Data means Reuse

Chemical Big Data in Chemical Toxicity Research: The Use of High-Throughput
Researchin Screening Assays To Identify Potential Toxicants

Toxicoloqv Hao Zhu,*’Jr’i Jun Zha_ng;r’i Marlene T. Kin‘lj’i Abena ]:?n:iis;ctn;r Alexander Sed},frlch,i
—— and Kimberlee Moran®

e - y TV
SR R
il Ny
- e o
b |
§ b

i

Compounds

(@

P
= i e |
i

Bioassays Bioassays

Compounds

Figure 3. Response spaces of different ToxCast compound categories represented by the duta obtained fom 193 PubChem bicasays (a) 171 60
consumer wse chemicals (not induding pharmae euticals or pesticides ), (b) 470 pesticides, (¢) 245 phanmaceuticals, and (d) 34 phthalate plasticirers
and alternatives.




Delivering Data to the Community

e Linkages are simple: using the associated identifiers

Bisphenol A
80-05-7 | DTXSID7020182

€©) Searched by Synonym: Found 1 result for 'bisphenol A'.

D 3D @ wm B &

Intrinsic Properties

Structural Identifiers
H3C CH;
Citation
U5 Environmental Protection Agency. ICSS Chemistry Dashboard.
|https:.f'.f'|: Dmptr::x.epa.gr::v.f'dashboard.f'DTXSlD?El'Em82|(a|:|:essed May 03, 2016),
Bisphenol A
HO OH

* Files of structures/identifiers mapped to DTXSIDs

e Integrated already - PubChem, EBI's UNICHEM,
ChemSpider, ToxPlanet. Whoever wants the files...




Delivering our Chemistry Data

wEPA

ates
ental Protection

Chemistry Dashboard

Haome: Advanced Search Batch Search Lists

Downloads

Di55Tox |dentifier to PubCham |dentifier Mapping File Posted: 11/14/2016

The D55To to PubChem |dentifiers mapping file is in TXT format and includes the PubChem SID, PubChem CI1D and DSSTox substance identifier (DTXSID).

SID

CID DTXSID

316388891 20404 DTXSID30873143
316388890 10142816 DTXSID70873142
316388889 50742127 DTXSID40873139
316388888 19073841 DTXSID20873137
316388887 11505215 DTXSIDO0873135
316388886 25021861 DTXSID80873133
316388885 2784427 DTXSID60873131
316388884 6731 DTXSIDOO873130
D55 Tox identifiers mapped to CAS Mumbers and Names File Posted: 11/14/2018

The DSSTox |dentifiers file is in Excel format and includes the CAS Number, DSSTox substance identifier (DTXSID) and the Preferred Name.

A
1 casrn

2 |26148-68-5
3 |107-29-9

4 |60-35-5

5 |103-90-2

6 |968-81-0

7 |18523-69-8
8 |75-05-8

9 |127-06-0
10 |65734-38-5

e Various types of data at FTP

DTXSID7020001
DTXSID2020004
DTXSID7020005
DTXSID2020006
DTXSID7020007
DTXSIDZ020008
DTXSID7020009
DTXSIDGE020010
DTXSIDG020012

About

nce_id  preferred_name
A-alpha-C
Acetaldehyde mdme
Acetamide
Acetaminophen
Acetohexamide
Acetone[4-(5-nitro-2-furyl)-2-thiazohy] hydrazone
Acetonitrile
Acetoxime
W'-Acetyl-4-(hydroxymethyl) phenyihy g ne

Contact Privacy wss o ACToR R asaaDSSTox Accessibility Help =

United States

Erreircnmientsl Protection

Agancy

ftp:/Inewftp.epa.qov/ COMPTOX/Sustainable Chemistry

Data/Chemistry Dashboard

download site:
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ftp://newftp.epa.gov/COMPTOX/Sustainable_Chemistry_Data/Chemistry_Dashboard

Open Data Reuse on I0S

CompTox
Mobile

More by Kirill Blinov

NME.

MR,

View in Mac App Store »

Description

Kirill Blinov Web Site »

screenshots

Carrior ¥

CompTox Mobile Support »

2:30 PM -

+ (o T v i
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N
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M

cture name or CAS Registry
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iPhone | iFad
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+ I e ]
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73-24-5 <P B | 2380-6
NH; H
N
N
i
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NH M
M
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N
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Delivering More Value from

Our Data — TRIPLE STORE?

Open PHACTS

..:é_lf ‘L for Researchers

" B Wi TP ATHWAYS o e R
3 O vy (o) oot [unpeor || DRUG B ANK

n 1 [
& ConceptWiki |[eeg

1D IEEER ] ChemSpide

4).Open PHACTS

Physicochemical data

Molecular weight & formula Synonyms Activity type, value, concentration I
H-Bond acceptors / donors SMILES | Assay description I
Polarsurface area, AlogP InChl / InChikey | | Targ_et u_rganism ]
W ChemSpider 1D I Target name l
...and more ...and more ...and more ]
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Computational Infrastructure

and Processes

10 years of development — heterogeneous

— MySQL, Java, R-code, Matlab, multiple Javascript environments,
100s of web services

— Multiple projects, loose connectivity

e Migration to homogeneity for production Apps
— MySQL
— Java
— JQuery/JavaScript
— Versioned microservices

o Sprint methodology with Atlassian management tools
— Confluence — knowledge management
— Jira — ticketing/stories (work assignments)
— Fisheye — collaborative peer code review
— Bitbucket — code version control system
65



Computational Infrastructure

Conceptual Infrastructure

2016-11-17
10 Gb Switch
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e Our team iIs broad In skills

— Biologists, chemists and toxicologists

— Bioinformaticians and cheminformaticians - modelers
(QSAR, Deep Learning), text miners

— Information technology team, software developers

— A large IT support team for production applications
(National Computing Center)
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Many Successes from
Our Approaches s

Group Chemicals by
Similar Bioactivity and
Predictive Modeling

Prioritization of Chemicals
for Further Testing

Provide Mechanistic
Support for Hazard ID

Carcinogenicity of perfluorooctanoic acid,
tetrafluoroethylene, dichloromethane, 1,2-dichloropropane,
and 1,3-propane sultone 1.2

In June, 2014, 20 experts from nine  with 12-DCP in this industny). strong cvidence that DOM metabolizm
countries met st the Internstional  The working grovp considered the  vis  ghotathioneStransferaze  TL
Agency for Remarch on Cancer rarity of cholangiocarcinoma, the (G5TTL) lead: to the formation of g,

(IARC: Lyom, Framee) to amsesz the  wery high relstive risk, the young resctive metsbolites that GSTTL 1 -

carcinogenicity of perfiuorooctanaic ages of the patients. the abmnce  activity & ctongly asociated with [
acd  (PFOA), totrafluorosthykene  of non-occupational rizk factorz,  genotoricity of DCM in witro and
(TFE).  dichloromethane  (DCM),  and the intensity of the expoure in viva, and that GSTTl-mediated

1 3-dichloropropsne (L-DCP), and 3z indications that the ewer: of metsholizm of DOM doe: sccur in ‘.
2 08 .
a -
a .
= ..
[
Carcinogenicity of tetrachlorvinphos, parathion, malathion, 5, 0.6 : ".“
8
o B
diazinon, and glyphosate & W

In March, 2015 17 operts fom coll profiferation (hypemplsia in  The insectiides malathion and

Chemicals

Carcinogenicity of lindane, DDT, and
2,4-dichlorophenoxyacetic acid

In June 2015 36 eperts from
13 countries met at the Intemational
Agency for Research on Cancer
(KR Lyon, France) to asess the
rcinogeniclty of the  Insecticdes
lindane and 1.1 1-trichlore-2,2-bis(4-
chiorophenylethane (DOT). and the
herbicide  2,4-dkhlorophencyacetic

Immunosuppresshe effects that can
operate in humans.

The Insecticide DOT was classified
as *probably carcinogenic to humans”
(Group 2A). DOT was sed for the
control of Insect-bome  diseases
dunng workl war 2 subsequently
It was widely applied to eradicte

biood or adipose taken In adulthood:
however, the possible Importance of
early-life exposure to DOT remalns
unresolved. Studles on non-Hodgkin
lymphoma and cancers of the Iiver
and testls provided limited evidence
In humans for the carnogeniciy
of DDT.

Assays/Pathways

IARC Monographs 110, 112, 113

11 countries met at the Intermational  radents). Tetrachlonvinphes is banned non were classified as “probably 0.4
Agengy for Research en Cancer (ARG in the European Urion. In the USA,  carcinogenic to humans (Graup 24).
lyon, France) to assess the carcino- it continues to be used on animals  Malathion s used in agriculture, public
genicity of the organophosphate  inchidingin pet flea collars. health, and residential insect cantrol
pesticides tatrachlonvinphos, parathion,  For parathion, asocations with [t continues to be produced in .
malathion, dizzinon, and glyphosate cancers in  several fissues were substantial volumes throughout the 0.2
(table). These assessments wil be obseved in octupational studies world There is limited evidence in
[
0 “ee_ e

o Llistl e List2 e EDSPUniverse « Reference Chemicals

FIFRA SAP, Dec 2014




We’re not done yet...

Fate & Transport
ADME

Toxicity Predictions
Structure-alerts

Biological
activities

Céﬂ ToxCast Chemicals 7

: Tox21 (o
R-;l - : M, 1\,;\’0 CQSMOS
55 EJ HTS In V|tro g1 |
Or__rejé';: Product Use Hok
-~ & Exposure i w’




Transcriptomics Data will Deliver

Terabytes of Data for Analysis

MOA Analysis Pipeline

O © Ly
TruSeq s R EBRH 4
r2 0.74 & S L
4, ¢ & o\
3, 4 < .

» Large scale screen of 1,000 chemicals (ToxCast I/Il)
in single cell type this summer

» Additional screens across multiple cell types/lines

e Additional reference chemicals and genetic
perturbations (RNAI/CRISPR/cDNA)

t_) - s L Ll 1 — < - -
S o 0

Low Coverage
r> 0.83

Currently capable of assigning to >40
MOAs based on transcriptional
responses




Beginning to Address Metabolic .

United States

Competence
“Extracellular” “Intracellular”
Approach Approach
Chemicals metabolism in the media or Capable of metabolizing chemicals
buffer of cell-based and cell-free inside the cell in cell-based assays
assays.

1500004
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=¥— 24 Hours
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1000004
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5 v 36 Hours
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Fold Induction
~
1
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50000
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0 T
0 50 100 150
Log Methoxychlor (M) CYP3A4 mRNA (ng)

1 -@- Active - Inactive —A&— Empty l

T T T T T
-9 -8 -7 -6 -5 -4

More closely models effects of hepatic More closely models effects of
metabolism and generation of circulating target tissue metabolism
metabolites

v

Integrated approach to model in vivo
metabolic bioactivation and
detoxification



Existing dashboards functionality to be added

to the “CompTox Dashboard”
RapidTox functionality tested and released

Open Application Programming Interface and
web services

Integration to other agency databases

Deliver our data to the semantic web
— Use accepted ontologies, chemical structures first
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