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Chemical Safety Evaluation
• Protect human health and the environment

• Ensure that chemicals in the marketplace are reviewed for safety

• Challenging mission:
• Tens of thousand of chemicals are currently in use and hundreds are 

introduced annually
• Many have not been thoroughly evaluated for potential risk to human health 

and the environment
• Chemicals tested across species: Even more sparse



Surrogate species (model organism)



Strategic Approach to Species Extrapolation

Computational:
Bioinformatics (Session 2 Demo)
Systematic review

Experimental:
Site-directed mutagenesis
Attagene XS-2 Factorial assay (Dr. Blackwell)

Case Examples:
PFAS targets
Endocrine pathways
Pollinators



Sequence Structure Function



Sequence Alignment to 
Predict Across Species 
Susceptibility
(SeqAPASS)

https://seqapass.epa.gov/seqapass/

https://seqapass.epa.gov/seqapass/


What information is required for a SeqAPASS query?

Knowledge of a sensitive or targeted species

Knowledge of the model organism used in an in vitro assay

Chemical-Protein Interaction

Knowledge of the species for which the Key Event was developed

~=Chemical Molecular Target
in Target Species

Compare to Millions of Proteins 

From Thousands of Species

Greater similarity = Greater likelihood that chemical can act on the protein
Line of Evidence: Predict Potential Chemical Susceptibility Across Species

1. Protein
2. Species



seqapass.epa.gov/seqapass/

Gather Lines of Evidence Toward Protein Conservation

≈



 SeqAPASS Predicts Likelihood of Similar 
Susceptibility based on Sequence Conservation:

yes
yes
yes
yes
yes
yes
yes
no
yes
no

yes

Line(s) of evidence indicate
• The protein is conserved
• The protein is NOT conserved 



Evolution of the SeqAPASS tool
• V5.0 (Nov. 2020): Develop visualization (Level 3), Develop Decision 

Summary Report
• v4.0 (2019): Improve visualization, user guidance, summary tables, 

interoperability
• v3.0 (2018): Develop visualization (Level 1 & 2), automate Level 3 

Susceptibility Predictions
• v2.0 (2017): develop Level 3 Susceptibility Predictions
• v1.0 (2016): Develop interface Level 1 & 2 and integrate essential 

functionality
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Deiodinase 3: Important enzyme in thyroid function

Human Deiodinase 3 Enzyme
hDIO3 mutants:

C168G
T169S
C239S
A240R
Y257A
Y257F

Sea lamprey
Fish

Fish
Frog

Sea lamprey
Lungfish

Site Directed Mutagenesis to Probe SeqAPASS Level 3

SeqAPASS Critical Amino Acid Comparison

Mutate hDIO3
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U.S. EPA Toxicity Forecaster (ToxCast)

U.S. EPA ToxCast Program:  
US EPA ToxCast Program: Uses mammalian cell-based assays to rapidly screen chemicals, identify putative molecular 
targets, and identify those most likely to be endocrine disruptors

Key Questions for Consideration:
• How well does this mammalian-based prioritization approach reasonably reflect potential impacts on other 

vertebrates?
• Can we expect chemicals that interact with mammalian receptors to also interact with receptors of other species?



Hierarchal Framework for Evaluating Pathway 
Conservation Using Existing Evidence

What other important endocrine targets 
have a large base of pre-existing structural, 

molecular target, and toxicity data?

 Androgen Receptor (AR)



Assessing AR Conservation Across Species Using the SeqAPASS Tool

• Across all three levels, SeqAPASS results suggest conservation of 
AR across vertebrate species

• Overall, these predictions suggest that chemicals that bind and 
activate AR in mammalian-based assays, are likely to interfere with 
AR in other vertebrate species

• Line of evidence for pathway conservation

1.

2.

Taxonomic Group # of Spp. Shared 
Susceptibility 

Mammals 117/1 Yes/No 
Lizards, Snakes 11 Yes 

Turtles 3 Yes 
Birds 58 Yes 

Crocodiles, 
Alligators 4 Yes 

Amphibians 13 Yes 
Coelacanths 2 Yes 
Eel-shaped 1 Yes 
Bony Fish 87/1 Yes/No 

Sharks, Rays 4 Yes 
Lungfish 2 Yes 

 

3.



Evaluating Existing Data to Extrapolate High-Throughput Androgen 
Receptor Screening Data Across Species

• Using existing evidence (literature), we can evaluate the 
scientific basis of our cross-species predictions

• Advances in data science can improve this workflow

• Gathering in vivo and in vitro data from vertebrate species 
exposed to known androgenic compounds provides 
additional lines of evidence for the conservation of the 
biological pathway across species 

Systematic Literature Review: A type of literature review that 
uses systematic methods to collect secondary data, critically 
appraise research studies, and synthesize findings



Evaluating Existing Data to Extrapolate High-Throughput Androgen Receptor 
Screening Data Across Species

Systematic Evaluation of In Vitro 
Cross-Species Data

Systematic Evaluation of In Vivo 
Cross-Species Data

Weight of Evidence for Pathway 
Conservation Across Species for 

Defined Risk Assessment 
Applications

SeqAPASS Evaluation of Structural 
Conservation Across Species

Conserved?
Yes
No

• Apply pathway to other targets of interest
• Repeat process to account for the emergence of new information
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Sequence Structure Function

Predictive
Approaches 

Yes or No
Susceptible or Not Susceptible

Structural-based 
comparisons of similarity
Predicted binding affinity

Improvements
in bioinformatics
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Human 
Protein Structure

Ligand Y
Ligand Y

Ligand X

Ligand Z

1st

2nd

Advances in Drug Discovery/Development

Structure derived 
from X-ray 

crystallography Bioinformatics Toolbox:
Molecular modeling
Molecular docking
Virtual screening

Molecular dynamic simulations



Application to Species Extrapolation

Bioinformatics Toolbox:
Molecular modeling
Molecular docking
Virtual screening

Molecular dynamic simulations



Predicting Binding Affinity
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SeqAPASS v5.0

https://seqapass.epa.gov/seqapass/
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