Science Question

Which chemicals are most
likely to bind to steroid

hormone receptors and
disrupt the endocrine
system?

Research Goals

«Utilize quantum chemistry and other
molecular modeling methods in order to
develop computational predictive tools that
can be used to screen for endocrine
disrupting effects.

+Interface the virtual screening tools with
complementary experimental and
computational approaches such as the
ToxCast initiative in order to aid the Agency
in prioritizing data requirements for risk
assessment.

ToxCast Information Domain

ToxCast is a multi-level information
domain scheme for studying chemical
toxicity, an NCCT initiative led by Robert
Kavlock, David Dix, and Keith Houck.

— First phase: Perform a comprehensive
study on a set of diverse chemicals
across all information domains.

— Second phase: The information that is
gathered will be used to extract
relationships among the information
domains.

— Third phase: Utilize these relationships
to inform computer mod order to

improve their abilities to suggest
priorities for future bioassays and other
regulatory purposes.
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Methods

What is Virtual Screening?

Each chemical agent in the database is
“docked” into the binding region of each
macromolecular target via molecular modeling.
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docking via
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What is Docking?

The “best fit” for each chemical agent is calculated in the binding
region of the macromolecular target. The best fit docking poses
include both shape fiting and physical-chemical interactions,
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Test of Induced Fi
As an initial test of the IFD methodology?, e
three different PDB? crystal structures of the
human estrogen receptor alpha (hERc) were
used to cross-dock their crystallized ligands
with IFD: estradiol (1GWR)?, tamoxifen
(3ERT)S, and diethylstilbestrol (3ERD)S. Rigid
docking predicts no binding of tamoxifen to kg
the 3ERD structure, or a false negative.

Using Induced Fit Docking Methodology for Virtual Screening of Endocrine Disrupting Compounds

In collaboration with Susan Laws and other ORD scientists in NHEERLS, the 3ERD structure
for hERa was then used to screen a set of chemicals that represent a wide range of biological
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screened with the human Androgen Receptor (hAR)” and hERBE. The results indicate a need for a

3ERD with DES bound

better docking scoring function that can differentiate strong, weak, and no-binders.
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natural ligand, and daidzein
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Impact and Outcomes

This research supports the Agency's goals in
the multi-year plans for Human Health and
Endocrine  Disruption. It addresses the
significant Agency need for predictive models for
hazard identification in the sub-areas of (1)
QSAR and other computational approaches,

and (2) high throughput screening.

This project supports two of the objectives of the
NCCT as stated in the Computational
Toxicology Framework: (2) develop predictive
models for categorizing and prioritizing
chemicals in the environment, and (3) improve
quantitative  risk  assessments.  Molecular
modeling and other tools derived from
computational chemistry can be used in
conjunction with available experimental data to
develop methods for screening environmental
chemicals for toxicological effects on human
health and ecosystems. This virtual screening
tool will lead to a more efficient risk assessment
process.

In collaboration with Dr. Laws and other
scientists in  ORD/NHEERL, a scheme for
prioritizing bioassay requirements for identifying
potentially endocrine disrupting chemicals is
being developed and applied. This scheme
provides a rational strategy for the application of
bioassay efforts to determine endocrine
disrupting chemicals. In collaboration with the
ToxCast program of ORD/NCCT, complex
computational molecular modeling approaches
will become an integral part of chemical
categorization and prioritization for more diverse
toxicological effects.
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