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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
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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
~172 million Proteins
~101 thousand Species
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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



Strategic Automated Approach for Assessing Protein 
(Molecular Target) Similarity 

Level 1

Level 2

Level 3

Flexibility to use Existing Knowledge
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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





Comparison to 
Human LFABP

Chain 1 
(TM-score)

Chain 2 
(TM-score)

Aligned 
Length

RMSD n_identical/
n_aligned

SeqAPASS % 
similarity

Human 1.00000 1.00000 127 0.00 1.000 100

Orangutan 0.99766 0.885385 127 0.20 0.976 97.71

Rat 0.99696 0.99696 127 0.23 0.827 85.04

Cattle 0.99761 0.99761 127 0.21 0.811 85.04

Water Flea 0.90965 0.89030 126 1.34 0.397 27.32

Marine worm 0.92609 0.89960 126 1.18 0.349 27.02

Round worm 0.89736 0.47865 126 1.45 0.286 18.32

Fruit Fly 0.95687 0.93550 126 0.90 0.278 18.93

Comparison to 
Human TTR

Chain 1
(TM-Score)

Chain 2
(TM-Score)

Aligned 
Length

RMSD N_identical/n
_aligned

SeqAPASS % 
similarity

Human 1.00000 1.00000 147 0.00 1.000 100

Orangutan 0.86434 0.86434 144 1.86 0.861 89.81

Cattle 0.86403 0.86403 144 2.02 0.743 86.11

Red Deer 0.87384 0.87384 144 1.94 0.729 83.57

Bar Tailed 
Godwit

0.87155 0.85562 145 2.08 0.662 74.65

Three Toed 
Box Turtle

0.85385 0.83860 144 1.99 0.650 66.88

Zebrafish 0.84586 0.83580 145 2.18 0.497 48.53

Acorn worm 0.79295 0.80791 132 2.03 0.333 28.79

Liver Fatty Acid Protein

Transthyretin (TTR)

Capturing structural similarity metrics to understand conservation of chemical targets across species



 

Human 
Amino 
Acid 
Position 

Type 1 
Primates, 
Ruminants, 
Whales/dolphins 

Type 2 
Rodents and 
other mammals, 
Fish, 
Amphibians, 
Testudines 

Type 3 
Aves, 
Lepidosauria 
Chondrichthyes 

Type 4 
Crocodylia 

SeqAPASS 
Level 3 
Prediction of 
Similar to 
Human 
LFABP 
Template 

Mutation in 
DUET 

Stability Change 
from DUET (ΔΔG, 
kcal/mol) 

50 Phenylalanine (F)  
Valine (V) 
Isoleucine (I) 
Leucine (L) 

 
Valine (V) 
Isoleucine (I) 
Leucine (L) 

Phenylalanine Yes 
No 
No 
No 

 
F50V 
F50I 
F50L 

 
-1.196 (Destabilizing) 
-0.808 (Destabilizing) 
-0.893 (Destabilizing) 
 

54 Alanine (A)  
Threonine (T) 

 
Threonine 

 
Threonine 

Yes 
No 

 
A54T 

 
-0.195 (Destabilizing) 

81 Threonine (T)  
Alanine (A) 
Glycine (G) 

 
Alanine 

Threonine Yes 
No 
No 

 
T81A 
T81G 

 
-0.749 (Destabilizing) 
-0.023 (Destabilizing) 

93 Threonine (T) Threonine 
Valine 

 
 
Alanine 

 Yes 
Yes 
No 

 
T93V 
T93A 

 
0.031 (Stabilizing) 
-1.004 (Destabilizing) 

97 Asparagine (N)  
Glycine 

 
Glycine 

 
Glycine 

Yes 
No 

 
N97G 

 
0.521 (Stabilizing) 

Combine SeqAPASS predictions to structure
Level 3 of SeqAPASS – identify amino acid differences across species
DUET predict stability changes from amino acid differences across species 

Combined sequence and structure: another line of evidence toward conservation



Predicting Binding Affinity



Application of SeqAPASSApplication of SeqAPASS



Sequence Structure Function

Predictive
Approaches 

Yes or No
Susceptible or Not Susceptible

Structural-based 
comparisons of similarity
Predicted binding affinity

Improvements
in bioinformatics



Acknowledgements

LaLone.Carlie@epa.gov

SeqAPASS v5.0

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

U.S. EPA, ORD
Marissa Jensen (University of Minnesota Duluth)
Sally Mayasich (ORISE)
Sara Vliet (ORISE)
Donovan Blatz (ORISE)
Jon Doering (U of Lethbrigde)
Colin Finnegan (Iowa State University)))

GDIT
Thomas Transue
Cody Simmons
Audrey Wilkinson

Badger Technical Services
Joe Swintek

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

	Advancing the SeqAPASS Pipeline from Sequence to Structure to Evaluate Protein Conservation for Species Extrapolation
	Chemical Safety Evaluation
	Reduce Animal Testing at the US EPA
	Transformation of Toxicity Testing
	Model Organisms for Toxicity Testing
	Slide Number 6
	Considering chemical sensitivity?
	New Approach Methods: Species Extrapolation
	Slide Number 9
	What information is required for a SeqAPASS query?
	Slide Number 11
	Slide Number 12
	Advances in Drug Discovery/Development
	Application to Species Extrapolation
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Application of SeqAPASS
	Slide Number 20
	Acknowledgements

