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Decoding Endocrine Disruption in Killer Whales Using Integrated New Approach
Methodologies
Dave Arthur R. Robledo
Laboratory of Ecotoxicology, Center for Marine Environmental Studies (CMES), Ehime University

Killer whales (Orcinus orca) are apex predators that

accumulate high levels of persistent organic
pollutants (POPs) such as polychlorinated biphenyls
(PCBs), hydroxylated PCBs (OH-PCBs),
dichlorodiphenyltrichloroethanes (DDTs), and
polybrominated diphenyl ethers (PBDEs). These
compounds may disrupt endocrine signaling by
binding to estrogen receptor alpha (ERa).
Experimental assays provide potency data, but their
scope is limited when applied to marine mammals.
In silico simulations overcome these barriers by
modeling killer whale ERa (kwERa)-ligand
interactions at atomic resolution, revealing
molecular determinants of disruption specific to
killer whales.

In our study, the 3D structure of kwERa ligand-
binding domain (LBD) was modeled based on
homologous human ERa using AlphaFold2 (Robledo
et al.,, 2025). Molecular docking (MOE 2024.1)
evaluated binding orientations and affinities of 61
chemicals. 100-ns molecular dynamics (MD)
simulations quantified structural stability, root mean
square deviation (RMSD), and hydrogen bond
persistence. Machine learning models (e.g., Random
Forest, ANN, XGBoost) trained on molecular
descriptors and in vitro kwERa activity data identified
predictors of estrogenicity of environmental
contaminants (Fig. 1).

Docking analyses identified o,p’-DDTs as the
strongest binders to kwERa. Their poses replicated
canonical estradiol interactions through stable
hydrogen bonds with Glu3s3 and His524 and
hydrophobic contacts with Leu3s” and Met421. Non-
para DDT analogs showed weaker docking scores and
unstable alignments. MD simulations confirmed
these results: hydroxylated ligands remained stably
bound, with RMSD values <2.0 A, and hydrogen
bonds with Glu3s3 persisted for >75% of the
trajectory. Machine learning analyses reinforced
these mechanistic findings. Predictive accuracies
exceeded 85%, with SHAP analysis highlighting

0 200 400
Actual value (Units)

Fig. 1 Overview of integrated
new approach methodologies
for decoding endocrine

disruption in wild animals

Killer whale ERa model such as killer whales

torsional energy and vsurf descriptors as critical for
activity. These descriptors overlapped with
structural features identified by docking and MD
simulations, confirming the mechanistic drivers of
kwERa activation. Importantly, these in silico
predictions were validated using in vitro kwERa-
driven luciferase reporter gene assays. Compounds
predicted to be strong agonists in in silico
simulations displayed low ECso and REC;, values in
the in vitro transactivation assays. This concordance
underscores the reliability of computational models
to anticipate endocrine-disrupting potential in killer
whales. By integrating docking, MD simulation and
machine learning with targeted in vitro assays, this
study demonstrates how computational toxicology
can reveal molecular mechanisms and assess the
risk for vulnerable cetacean population.

Reference: Robledo, D. A. R., Kumagawa, T., Ochiai,
M., & Iwata, H. (2025). New Approach
Methodologies (NAMs) to assess killer whale
(Orcinus orca) estrogen receptor alpha (ERa)
transactivation potencies by DDTs and their
risks. Ecotoxicology and environmental safety, 291,
117761. https://doi.org/10.1016/
j.ecoenv.2025.117761
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1. Kuratsune et al., Kyushu University Press, Fukuoka (1996)
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Daramola, O. et al. (2024). Food and Chemical Toxicology,
185, 113645.
Nolasco, E. et al. (2023). Environmental Research, 216,
114623.
Hirai, T. et al. (2024), Toxicology, 505, 153839
Koike, T. et al. (2025), Environmental Toxicology and
Chemistry, Accepted.
Chao, T. et al. (2023). Aging Cell, 22(1), e13786.
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