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Science Question

How do computational molecular
modeling methods enable the
incorporation of structural and
mechanistic information into the
extrapolations necessary for

determining the potential risks of
chemicals in the environment?

Research Goals

1

Apply computational molecular
modeling methods to prioritize
chemicals for testing (in
conjunction with other short term
assays.)

« Adapting existing approaches

+» Develop new approaches

Macromolecular Modeling to Predict and Understand Toxicity:
The Polycyclic Aromatic Hydrocarbons as a Test System

There is a conundrum in evaluating the risks
posed by chemicals. Although there is an
explosion in relevant data, often that data is not
exactly what is needed. Situations are frequently
encountered where the potential health and
environmental effects of chemicals must be
evaluated when all of the relevant information is
not available.  One  rational approach for

under these is to
estimate the relevant missing information from
available information. Models of the biomolecular
processes that constitute the potential
mechanisms of action provide templates for this
extrapolation.

James Rabinowitz and Stephen Little
U.S EPA, ORD, Computational Toxicology Research Program
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Results

What are
Polycyclic Aromatic Hydrocarbons?

Polycyclic aromatic hydrocarbons (PAHs) are a
pervasive class of anthropogenic chemicals.
Many molecules in this class are found in the
environment, primarily in mixtures. The testing of
individual chemicals has shown great variation in
carcinogenic activity for chemicals in this class.

owever many chemicals remain untested.
Features of molecular structure that relate to the
carcinogenic potency of these chemicals have
been identified and a mechanism for
carcinogenicity described. According to  this.
mechanism the bay region diol-epoxide (DE) is

Electrostatic Potential of
PAH Metabolites and Estradiol

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.

Thls project supports two of the objectives of the NCCT as stated in the
oxicology (2) develop predictive models for

Benzanthracene (diol)

calegunzmg and prioritizing chemicals in the envuonmem and (3) improve
g approach and molecular
modeling in general can be used in conjunction with available experimental
data to develop methods for screening environmental chemicals for
toxicological effects on human health and ecosystems. These virtual
screening tools will lead to more efficient chemical testing schemes and
help streamline the risk assessment process. Active collaboration,
including continuous feedback with experimental scientist at NHEERL and
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Observation of the structure and

« How does one use the existing data to obtain
the information needed and/or to determine
which is the key missing data?

interaction potentials of PAHs indicate
that some PAH metabolites are similar

to estrogen. Conclusions

+ Some metabolites of polycyclic aromatic hydrocarbons are likely to bind
to the estrogen receptor

<+ Docking results using the crystal structures of the estrogen receptor with
different ligands bound as targets are not the same
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The Target-Toxicant Approach

% Docking into the static binding site of a nuclear receptor may give
unreasonable results (for weak binders) because the receptor are

Rigid docking studies using Glide4.0 with several crystal structures of flexible.
the alpha estrogen receptor (ERo) and the native ligands (bottom) and

PAH metabolites.
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The interference of a xenobiotic or a metabolite in many of the relevant processes may < Classical Methods

be generalized as the interaction of a “small” molecule with a macromolecular target.  Molecules are composed of atoms (spheres) connected
The methods and the information available for modeling processes of this type are by
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improving rapidly. On of the engines for this improvement is the pharmaceutical

industry and the commercial need to develop new drugs. However, there are important
differences between these two applications.

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 fitting and physical-chemical interactions.

<« The interactions are classical, chemicals do not react
<+ Docking methods use this level of interaction
<» Quantum Mechanical Methods
<« Molecules are described as a combination of nuclei and

Future Directions
+ Develop the Target -Toxicant paradigm for risk assessment

% To be a viable drug a molecule must be strong actor while environmental
agents are often weak actors.

Chemical Agents

The dramatic differences
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be more advantageous for pharmaceutical discovery, the latter
example is more useful for identifying potential chemical risks
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