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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



Reduce Animal Testing at the US EPA
• EPA Administrator Andrew Wheeler signed directive (Sept. 10th 2019) 

to reduce animal testing
• Calls for the Agency to:

• Reduce its request for, and funding of, mammal studies by 30% by 2025
• That is ~5 years from today!

• Eliminate all mammal study requests and funding by 2035 
• That is ~15 years from today

How do we get there?
NAMs



Transformation of Toxicity Testing

Historically:
Whole animal test
• Observe Toxic Outcome

- Examples
• tumor development
• mortality

Resource intensive

Toxicity Testing in the 21st Century:

• In vitro and in silico methods

– Pathway-based approaches
– Focus on disturbance of the 

biological pathway
– Predictive of the observable

toxic effects

New Approach Methods
(NAMs)

• Informatics
• High throughput
• Systems biology
• OMICs



Model Organisms for Toxicity Testing
• Assumed that sensitivity of species to a chemical is a function of their relatedness

• Human Health Risk Assessment

• Ecological Risk AssessmentCannot Test

~=
Use of Surrogates

~=

Cannot Test
Representative species across a diversity of organism classes



Surrogates in 21st Century Chemical Safety

AOPs and pathway-based
approaches

HTSAI and Text Mining of Available Toxicity Literature
Is the model organism 

A good surrogate for the 
Species we are trying to protect?

Maybe

Could we gather evidence rapidly
to help us understand this question?

Absolutely!!!



Considering chemical sensitivity?
Factors that make a species sensitive
• Exposure
• Dose 
• ADME
• Target receptor availability
• Life stage
• Life history
• etc.
• etc.

Simple question to address:
Is the known chemical target available in a species for a chemical to act upon?
Yes or No
Likely susceptible or Not likely susceptible (at least through the known mechanism)

Yes

No

Susceptible

Not
Susceptible



New Approach Methods: Species Extrapolation

• Focus on the molecular machine:  The Protein

– Large biomolecule assembled from amino acids encoded in genes

– Many functions (e.g., catalyze reactions, structural/mechanical functions, cell signaling, immune 
response, etc.)

New tools and technologies have emerged
• Improved sequencing technologies
• Large databases of sequence data

As of this week
~161 million Proteins
~98 thousand Species

A
1

A
1

A
1

A
1

A
1

A
1

Primary Structure: Chain of amino acid residuesAmino acid

Tertiary Structure

• Evaluate protein similarity between species

– Moving away from empirical testing and qualitative understanding of molecular target 
(protein) conservation to quantitative measures



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









Human Protein Target



Line of Evidence:
Primary amino acid sequence 

Conserved

Human Protein Target

Yes

Percent similarity



Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

Yes



Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

No



Common Ancestor

Proteins in different species that evolved from a common ancestor

Yes

Yes

Yes

Yes

Typically maintain similar function



Common Ancestor

No

No





Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

Hundreds to Thousands of Species



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

YesYes



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

YesYes



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

NoNo



Human Functional Domain(s)

Line of Evidence:
Domain

Not Conserved

NoNo



Human Critical Amino Acids

Line of Evidence: Conserved



YesYesYes

Gather Lines of Evidence for Conservation of Protein Target: 
Susceptibility Prediction: Yes or No



SeqAPASS DEMO:
Take a whirlwind tour of the 
tool and updated features



SeqAPASS was developed for you!

Process: 
Define your question – problem formulation
Literature review to understand protein target and species
How well has the protein been characterized?
Do we know anything about functional domains?
Do we have any information about the chemical-protein interaction?

Use SeqAPASS to Guide you through the evaluation:
SeqAPASS Level 1 Query – view results
SeqAPASS Level 2 Query – view results
SeqAPASS Level 3 Query – view results

Address challenge in cross species extrapolation

How to get started!



SeqAPASS Case Study
Case Study: SeqAPASS Evaluation to define the taxonomic relevance of an MIE in an AOP

Question(s): How broadly an I anticipate extrapolating this MIE?
OR from a chemical specific perspective, 
What other species are likely susceptible to Fadrozole?

AOP:25 Aromatase inhibition leading to reproductive dysfunction 
(https://aopwiki.org/aops/25) 

https://aopwiki.org/aops/25


















Interactive Data Visualization
Query species/sensitive species

Susceptibility Cut-off; lowest % similarity with ortholog

Susceptible: Yes

Susceptible: No

Taxonomic 
group: Class

















Level 3: Individual Amino Acid Residue Comparison

A1 A1 A1 A1 A1 A1

Crystal structure of protein – Ligand bound

Amino acid residues that interact with the chemical

Where can I find this information?

• Literature Review
• Types of studies I’d be looking for:

• Site-directed mutagenesis
• Field resistance (pesticides)
• Studies of x-ray crystallography
• Homology modeling 

This is not trivial….it can take some time to identify literature and formulate the Level 3 query 









Focus on Structure: Level 3 Susceptibility Predictions

Ecdysone receptor

Acetylcholinesterase





Evolution of the SeqAPASS tool
• v1.0 (2016): Develop interface Level 1 & 2 and integrate essential functionality

• Case studies to support
• Collect Feedback from Users

• v2.0 (2017): develop Level 3 Susceptibility Predictions
• Case studies to support
• Semi automated update  of executables and databases (protein, taxonomy, conserved domains)
• Collect Feedback from Users

• v3.0 (2018): Develop visualization (Level 1 & 2), automate Level 3 Susceptibility Predictions
• Case studies to support
• Update executables and databases (protein, taxonomy, conserved domains)
• Collect Feedback from Users
• User Guide
• Training materials

• v4.0 (2019): Improve visualization, user guidance, summary tables, interoperability
• Case studies to support
• Update executables and databases
• Collect Feedback from Users
• Update/publish user guide
• Publish SOP for testing 



Application of SeqAPASS



Case studies: 17alpha-ethinyl estradiol  human estrogen receptor
Permethrin mosquito   voltage-gated sodium channel
17β-trenbolone bovine androgen receptor Case studies: Diacylhydrazines and bisacylhydrazine tobacco budworm      ecdysone receptor

Neonicotinoids honey bee nicotinic acetylcholine receptor
Strobilurin fungicides corn rust cytochrome b

Case study: Human estrogen receptor alpha

Case studies: Mouse acetylcholinesterase
Tobacco budworm ecdysone receptor

Case studies: All mammalian-based ToxCast Targets (484)



SeqAPASS Advances FY19-22

SeqAPASS development/training and outreach focus
Public version releases
Published user guides
Standard Operating Procedures - Testing
Advanced Molecular modeling/docking

Laboratory confirmation of predictions
Site-directed mutagenesis

SeqAPASS application
PFAS bioaccumulation/toxicity targets
High priority pesticides
-Apis vs. non-apis bee

?



Advanced Molecular Modeling to Inform Species-Specific 
Predictions of Chemical Susceptibility

Develop library of quality structures

Query Species/Sequence

Hit Species/Sequence

Line of evidence: Can homology model be built?

Use homology 
models to 

Conduct in silico 
docking studies

Line of evidence: Can chemical dock?

Generate Predicted Binding 
Affinity values

Build Homology Models



Take Home Message
Regardless of your experience level with such comparisons/data/results

YOU can use SeqAPASS

After all, it was created for you!!!!

LaLone.Carlie@epa.gov; Blatz.Donovan@epa.gov; Vliet.Sara@epa.gov

mailto:LaLone.Carlie@epa.gov
mailto:Blatz.Donovan@epa.gov
mailto:Vliet.Sara@epa.gov
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SeqAPASS v4.0

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