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«  Organic pollutants with exposure potential accumulate in body tissues
» Cause toxic effects to wildlife and humans

« Existence of gaps in the experimental data for environmental endpoints
» Need to fill the data gaps and bridge the lack of knowledge

 Regulatory requirements:
» Reduce animal testing, time and costs

» Methodology: use of QSAR/QSPR to predict the endpoints of interest.
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The 5 OECD Principles
1) A defined endpoint

2) An unambiguous algorithm

3) A defined domain of applicability

4) Appropriate measures of
goodness-of-fit, robustness and | | . .
pred|ct|v|ty \ QSA.R results relevant /
to regulatory purposes /
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» Curated open access datasets (https://doi.org/10.1186/s13321-018-0263-1)
* Open-source code (github.com/NIEHS/OPERA)
» Transparent unambiguous algorithms (https://gsardb.jrc.ec.europa.eu/gmrf/)
» Transparent validated performances (https://doi.org/10.1080/1062936X.2016.1253611)
» Defined applicability domain and limitations of the models
* Predictions available through:
* NICEATM'’s Integrated Chemical Environment (https://ice.ntp.niehs.nih.gov/)
+ The EPA's CompTox Dashboard (https://comptox.epa.gov/dashboard)
* Free and open-source standalone application (github.com/NIEHS/OPERA)
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OPERA standalone application:

Free, opensource & open-data

Single chemical and batch mode

Multiple platforms (Windows and Linux)
Embeddable libraries (java, C, C++, Python)
Command line & Graphical user interface

OPERA models:

Physicochemical properties
Environmental fate

ADME properties

Toxicity endpoints

Input options:

Structure IDs (CAS, DTXSID, InChlKey)
Structure files (SMILES, SDF, Mol)

Download and learn more:

https://github.com/NIEHS/OPERA

https://ntp.niehs.nih.gov/qo/opera

OPERA as a standalone desktop application
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Input | |

Output [

Models (i]

[“1Physchem properties
[JiogP [IMP []BP [JVP [JWS [JHL [JKOA []RT []pKa [ ]LogD
[“]Environmen tal fate
[JLogBCF []AOH [Bicdeg [ |R-Biodeg [ |JKM [JKOC
["] Toxicity endpoints
[JER (CERAPP)  []AR (CoMPARA) [ ]AcuteTox (CATMoS)
[ "] ADME properties

[Fus [Iciint [Jcaco2

Output options (i] Results summary (i

[]Experimental values
[ Nearest neighbors
[Jinclude descriptor values

[]separate files

["]Keep full descriptors files

Standardize
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Physchem properties Chemicals Version | Environmental fate Chemicals Version

BP Boiling Point 7860 2.9 AOH Atmospheric 692 26
' Hydroxylation Rate ]
HL Henry's Law 2233 2.9 i .
Constant . BCE Blocolr:mcetntratlon 626 26
Octanol-water . actor )
LogP Partition Coefficient 18154 = BioHL B|odHegI;anfat|on 150 2.6
MP  Melting Point 22554 2.9 v
RB Ready 1603 2.6
VP Vapor Pressure 6764 2.9 Biodegradability '
WS  Water Solubility 9943 2.9 Fish
PErT—— KM  Biotransformation 541 2.6
oka Ci ; |ss$uat ion 6503 ’6 Half-life
onstan ' KOC Soil Adsorption 798 26
Octanol/Air Coefficient '

270 2.6

Partition Coefficient

Toxicity endpoints Chemicals Version| ADME properties Chemicals Version

ER Estrogen-R-eceptor 30464 26 FUB Fraction 3229 2.8
Activity unbound
Androgen Receptor Intrinsic
AR - 47673 2.6 i
ACtIIVItV Clink clearance 1346 2.8
Acute Oral Systemic - Version 3
AcuteTox Toxicity 50660 26 cAco2 Caco-2 4601 2.8 ;
permeability coming

soon!

New/updated since 2021
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Models PFAS/Total

BP  Boiling Point 346/7860

Octanol-water
LogP Partition Coef. 97/18154

MP  Melting Point 409/22554
VP  Vapor Pressure 178/6764
WS  Water Solubility 105/9943

Environmental Chemistry

PFAS in OPERA models

VP  Vapor Pressure

Deviation of log¥p (Pa) estimates from experimental measurements at 25 °C

COSMOtherm EPI Suite NICEATM ACD/Labs TEST OPERA
MAE 1.22 1.08 1.46 31 0.95
RMSE 1.48 1.48 2.06 .91 1.26
LogP  Octanol-water Coef
Deviation of octanol-water partition ratio (log Kow) estimates from experimental measurements at 25°C
COSMOtherm EPI Suite NICEATM ACD/Labs OPERA LSER
MAE 0.41 0.25 0.68 0.61 0.21 0.33
RMSE 0.50 0.29 1.13 0.70 0.28 0.36
.
WS  Water solubility

Deviation of water solubility (log 5; mg/l) estimates from experimental measurements at 25°C

CO5MOtherm EPFI Suite NICEATM TEST® OPERA
MAE 0.35 1.82 2.38 0.95 0.23
RMSE 0.41 220 255 1.36 0.36

Property Estimation of Per- and Polyfluoroalkyl Substances:
A Comparative Assessment of Estimation Methods

Alina Lampic and J. Mark Pamis*

Chemical Properties Research Group (Canadian Environmental Modelling Centre), Department of Chemistry, Trent University, Peterborough, Ontario, Canada
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CERAPP 2
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Collaborative Estrogen Receptor = e
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Activity Prediction Project (2015/16) 2 >

7 &

Mansouri et al. (https://doi.org/10.1289/ehp.1510267) 4’.?;4[ PRO“"O&\

Endocrine Disruptor Screening Program

Mansouri et al. (https://doi.org/10.1289/EHP5580) (/ UNITED STATES

C E T I\/I S . Advancing Alternatives
Acute Toxicity Workgroup: alternative methods

to Animal Testing
Collaborative Acute Toxicity Modeling o | o |
ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods

Suite (2017/18)

Kleinstreuer et al. (https://doi.org/10.1016/j.comtox.2018.08.002)
Mansouri et al. (https://doi.org/10.1289/EHP8495)



https://doi.org/10.1016/j.comtox.2018.08.002
https://doi.org/10.1289/EHP8495
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. MoleculelD DTXSID7020182
* Predicted value LogP_exp 335
| » Experimental value, if available LogP_pred 3.32
Bisphenol A*
ISPNENG . - . LogP_predRange [3.27:3.37]
B0.06-7| DTXSDTI201E2 « Global applicability domain AD_LogP 1
 Local applicability domain index [0:1] AD._index_LogP —
. onf_index_Log ;
ML * Accuracy index [0:1] LogP_CAS_neighbor 1 80-05-7
« Confidence interval [min:max] ] tﬂgg—iz—”‘?igx”—g e
. ogE_ | Nelg or_ - -
Q O 5 nearest nelghbors: I |LogP_CAS_neighbor 4 5104-49-4
. e : 2 ighbor_5 5558-66-7
' + Identifiers (CAS, DTXSID, InChiK 2 LogP_CAS_nelghbor_
dent _e S (C S’ S ! C ey) i |LogP_InChiKey neighbor 1 [ISBACLAFKSPIT-1
° Experlmental values 1 |LogP_InChiKey neighbor 2 ZNPAJPOVURPIJFI
. : 5 |LogP_InChiKey neighbor_3 PQSXNIMHIHYFE
PredlCted V.alues 3 |LogP_InChiKey neighbor 4 SYTBZMRGLBWM
 Molecular descrlptors values 7 |LogP_InChiKey neighbor 5 ODELFXJUOVNEF
3 |LogP_DTXSID_neighbor 1 DTXSID7020182
) |LogP DTXSID neighbor 2 DTXSID5087493C
Mearest Neighbors from the Training Set ) |LogP_DTXSID neighbor 3  DTXSID50100531
| |LogP_DTXSID_neighbor 4 DTXSID0037231
- - 2 |LogP DTXSID neighbor 5 DTXSIDA020412¢
- ;. “' ] , b 3 |LogP_Exp_neighbor 1 3.32
\,x 2 | N [ N } |LogP_Exp_neighbor 2 3.25
~ N . e ™ = 5 |LogP_Exp_neighbor_3 2.11
/j ) H > | i ,-‘L P " . W 5 |LogP_Exp_neighbor_4 4.16
o A | | 7 o % 7 |LogP_Exp_neighbor 5 2.69
E =y [ |‘ x'.J 3 |LogP_pred_neighbor_1 3.18
¥ o 28 I/ 3 |LogP_pred neighbor 2 3.66
. ) |LogP_pred_neighbor_3 3.5
i ek i Rk s et i I |LogP_pred_neighbor_4 3.05
? |LogP_pred_neighbor 5 3.44



NIH

National Institute of
Environmental Health Sciences

Division of Translational Toxicology

»opera -5 PestActivesEPA.smi| --standardize -o pred

Endpoints to be ca
CERAPP, COMPARA and C

Initializing and loading models...

tandardization

molecules.

molecules.

molecules.

molecules.

End Of Calculation =
predicted. Total pro

mansouri\Download

Command line

QSAR-ready standardization tool

[4 oPERAZE

Input i || C:\Users\kmansouri\Downloads\PestActivesEPA.smi

Qutput | i || C:\Usersikmansourl\Downloads'\PestActivesEPA-smi_OPERAZ2 6Pred.csv

Models

Physchem properties
LogP [ |MP [ |BP

Environmental fate
LogBCF AOH

+/| Toxicity endpoints

VP W5 HL KOA RT pKa LogD

Biodeg R-Biodeg KM KOC

v| ER (CERAPP) /| AR (CoMPARA) v/| AcuteTox (CATMoS)

ADME properties
FUB Clint

Output options 1
Separate files

v | Experimental values
Nearest neighbors
Include descriptor values

Keep full descriptors files

Results summary

Calculated PaDEL descriptors: 1444 (119 sec)
Calculated CDK descriptors: 286 (58 sec)
Predicted structures: 464 (233 sec)

Total processing time: 00:08:14.

Browse

Browse

Standardize

On

idQ

u

o]

Vdidd

ddy yes

Calculate

Graphical user interface




National Institute of

Environmental Health Sciences P red i Cti ons on N I C EATM ,S IC E

Division of Translational Toxicology

News &Media | Getlnvolved | Support

% ‘ll\lo1:o‘nyoLT‘or|fho|c:g):F::ogrom SEARCH httDS //| ce. ntD N |e h S.Nn | h . QOV/

('.I\ National Toxicology Program

¥ U.S. Department of Health and Human Services

News & Events

ICE v3.5 Release
Integrated

P " Chemical
ICE updatesinclude: Environment
<
New tools and expanded capabilities:
Saagar Fingerprints (Beta)

Individuzlly Selected Results - Curve

Surfer and Chemical Quest PE" ‘q,saR App

SDF Downloads

v
AC50 Plots
Learn about ICE updates
Chemical Input Assay Input
UPDATES
Select Chemicals | @ SelectAssays | @
Quick List CASRN User CASRNs

CERAPF, ER Binding
CERAPF, ER Antagonist

CERAPF, ER Agonist
CoMPARA, AR Binding

CoMPARA, AR Antagonist

<N N NN N

CoMPARA, AR Agonist

a

CATMo3, Rat Acute Oral Toxicity

e l se
— [l Download [ Query Mixtures Clear Filter |Number of chemicals=5
C\'s_
CASR DTXSID @MPARA, AR Agonist Cal CoMPARA, AR Binding Ca CERAPF, ER Ago CERAPP, ER Binding Call
hd x
1625 nactive Inactive Inactive
Endosulfan 115-29-7 2.26 nactive Inactive nactive Inactive Active Active
3-Phenylprop-2-enal 104-55-2 DTXSID10242835 2568 nactive Inactive nactive Inactive Active Active
Acrolein 7-02-8 ) 40 Inactive Inactive
Linal B-7 2097 Inactive nactive Inactive Inactive
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National Institute of . p
MIRY) Envionmental Hean scences —— Predictions on the EPA Dashboard

Division of Translational Toxicology

Batch search
S i n g Ie c h e m ic a I wEm EE‘EE‘SS?*I‘!“E‘E‘S" Protection Home Advanced Search BatchSearch Lists v  Predictions
Batch Search@

e Y EPAEJnil_ed Statssl T ) Step 1 Step 2 E
— t tect
\’ Al;\;lrr‘g:mun al rotection . . .

Step Five: Click "Download"
Endosulan

115-29-7 | DTXSID1020560

Select Input Typels) Enter Identifiers to Searcl
Searched by DSSTox Substance Id. St nput fypets - = - f" LR e
W identifiers 04-55-2
DETAILS Chemical Mame [78-70-6
ToxCast: Models cal Nam= onon2
EXECUTIVE SUMMARY ToxCast Model Predictions 107-02-8
115.20-7
PROPERTIES

. Download TexCast Model Predictions ¥

ENV. FATE/TRANSPORT

Model Receptor Agonist Antagonist Binding
HAZARD
© ToxCast Pathway Model (AUC) Androgen 0.00 7.34e-2
€ ToxCast Pathway Model (AUC) Estrogen | 2.95e-2 0.00
© CcOMPARA (Consensus) Androgen  Inactive Inactive Inactive @ Display All Chemicals » Downlead Chemical Data
» EXPOSURE
‘)CERAPF Potency Level (From Literature) Estrogen - Inactive (NaN) Active (Weak)

Select Output Format:

0 CERAPP Potency Level (Consensus) Estrogen Inactive (Inactive) Active (VeryWeak) Active (VeryWeak)
Exce A & pownload

Customize Results Presence in Lists:

EDSP21 Select A DRUGSINOR!

w BIOACTIVITY

TOXCAST: SUMMARY

t Allin Lists

TOXCAST/TOX21 &1 ' -
Chemical Identifiers

PUBCHEM

TOXCAST: MODELS

SIMILAR COMPQUNDS

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DT - “e,
XSID1020560#bioactivity-toxcast-models i A Prcctad Froptes

ormulz €

https://comptox.epa.gov/dashboard/dsstoxdb/batch search



https://comptox.epa.gov/dashboard/dsstoxdb/batch_search
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID1020560#bioactivity-toxcast-models
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID1020560#bioactivity-toxcast-models
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precisionFDA

A secure, collaborative, high-performance computing platform that builds a community of experts around the analysis of
biological datasets in order to advance precision medicine.

(m) ‘ B PrecisionFDA Truth Challenge V- X ‘ ~p Chemical Similarity Assessment X ‘ Palantir x | B Overview - precisionFDA x P = o X
& C ] &  httpsy//precision.fda.gov/home/apps/app-GGk23K8035gy3KxgGkIXQSjF-1 A e a3 o= ﬁ
© oPERAV2? :

s
£ Databases 0 9 Revision: 5 .
Assets 200 OCATION NI . e o CREATED ON
Public opera app-GGk23K8035gy3KxgGkJXQ8jF-1 Diem-Trang Pham 2022-09-26 18:03:44 EDT
% Workflows
2 Executions 1203
Spec Executions (10) Readme
baseline-4 No
Input file format OPERA output tarball
Default: sdf

Choices: [sdf, mol, smi, descriptor]
Input file

Output prefix

Default: outputs

Qutput prediction file format

https://precision.fda.gov

Extra arguments

[:' Default:-a-x-v2
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B

¥ Report

QSAR TOOLBOX

¥ Profiling ¥ Category definition

Gap Filling

= ®

Trend analysis Read across  (Q)SAR Automated Standardized New

Workflow Editor
g ee
Export

*

-
Delete

Import

Filter endpaoint tree... Details for 2 (Q)SAR models

° Documents

# [C: 1:Md: 0:P: 0] CAS: 58082 gtk . . - )
Structure 'H'Q’ Boiling Point Adapted Stein and Toolbox Repository
vt Brown Method (EPISUITE) (1.0)

[# Structure info Opera BP (2.6)

[#] Parameters

[ Physical Chemical Properties TOOlS / QSA Rs / OPERA mOd eIS
— Autofl bility / Self-ignition temp .
-~ Boiling point I
— Chemical reactivity o
— Density
— Dissociation Constant (pKa) I l l 0 e S
— Explosive properties
— FI il :

Lo Current version: 1.0
~— Flash point
—— Melting / freezing paint Supported Toolbox versions: 4.5
—— Oxidation reduction potential
—— Oxidising properties DeVeIO pe I. N | E H S
— Particle size
—{# Partition Coefficient: Categ ory: QSARS
—— Solubility in organic solvents / fat solubil... | Downloads: 57
. . —— Stability in organic solvents and identity... .
° Data Gap Filling Settings  Surface tension . PEn (q'saR App Ratmg: 0 8
Only endpoint relevant — Vapour pressure L .
—— Viscosity Description:
At this position:

QSARs
Automated workflows
Standardized workflows

= Water solubility

[#] Environmental Fate and Transport
[#] Ecotoxicological Information

[#] Human Health Hazards

https://repository.gsartoolbox.org/

OPERA is a free and open-source/open-data suite ¢
physicochemical properties, environmental fate, ADME ¢
information including applicability domain and accuracy
data and standardized QSAR-ready chemical structures. C
friendly graphical interface for Windows and Linux operati
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