Peroxisome-Proliferator Activated Receptors as a Macromolecular Target for Chemical Toxicity:
Models of the Interactions of PPARs with Perfluorinated Organic Compounds
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Science Question

How can perfluorinated compounds interact with key
biomolecular receptors and how do they compare to

TR

Research Goals

The goal of this rescarch is to develop molecular
models of the interaction between the peroxisome-

the Agency’s task of evaluating the risk due to chemicals

Methods and Approach Used

I. Multi-Fragment Search (Solvent Mapping) Binding Site Analysis

Il. Homology Modeling / Ligand Docking / Population Analysis

Results/Conclusions

+Alternative sites for PEOA/PFOS interaction with PPARs
(Le. also RXR heterodimer site):

~agonist binding motif in LBD is “most probable” docking
site, however RXR heterodimer domain is also probable!

*Significantly higher affinity for PROA/PFOS to apo form

chemicals in the environment, and
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in this environmentally relevant class.

Methods/Approac| 1L,

Many toxicological processes may be studied using the

= constitutive fragment overlap as potential “full dock” analyses (i.c. Blind determination of potential binding sites
by overlapping chemical regions)
= AGONIST binding site > RXR binding motif > Co-factor binding motif

This data suggests that per per and moieties appear highly clustered in the
PPAR LBD pocket (red circle in IILb.) associated with agonist activity. Similarly this analysis suggests that the
PPAR/RXR heterodimerization site (green circle in IILb.) as an additional potential site whereby it may have antagonist

PPAR Docking studies comprised of

(a) Docking a series of dietary fatty acids, fluorocarbons, known PPAR , B, ¥ and
LXR agonists into “apo™ forms ((*) modeled from PPAR y IPRG in the case of

PPAR o, B only)

agonist bound conformation (117G, 2BAW and 2PRG for PPAR a, B, Y respectively).
Docking performed in largest binding site determined by MOE-Dock, based on

*(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 bio-affinity enabling

paradigms of this study. As a result, methods investigated

may have a far reaching effect for evaluating the risks of

this and other classes of chemicals and other

8t e s macromolecular targets. Three main approaches of
b & Vong- ional molecular interaction modeling methods are

crystal packing, coinciding with the agonist binding site in the LBD as found in other a more efficient risk assessment process.
PDB structures. Charges of ligands assigned based on AMI-BCC charge model.

MMFFx force-field used for optimization, empirical scoring function used for Ki.

properties. We perform the next two phases (Ligand docking and V-HTS) of these studies in the major binding pocket
(shown in red circle).

Future Directions
+Select a minimal subset of PFCs and other PPAR specific

(b) Example of the binding pocket (117G) with the lowest energy pose for each of the
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animal species (See Figure 2). The dose of these chemicals to 1. Multi-Fragment Search 11 Homology Modeling from DSSTox*: . PPAR-0 ~10-100 X increased affinity of the fluorocarbon class relative to the which they are found.
the biomolecular site of action is increased due to persistent (Solvent Mtppmz) y Ligand Docking agonist class for the apo structure, similar order of magnitude as CIP/PPAR Develop interaction maps of known agonists/antagonists for
bioaccumulation (half-life of 4.4 years in humans) and 3D docking using agonist for the active-bound conformation. In the case of PPAR B/y similar orders of receptor

unequal tissue distribution. exhaustive search magnitude were found between putative natural ligands and isoform specific agonists.
population maps colored by frequency into affinity bins based on clustering pose

energies. hPPAR-o hPPAR-B/8 hPPAR-y
(c) " “active” “apo”  “active”

~evaluate more nuclear receptors at multiple binding domains
to generate in silico chemical genomics data, not solely
develop new docking models.

Model the PFOA/PFOS interactions with Human Serum
Albumin and OAT-2 (organic anion transporter 11) required

for ligand sequestration and clearance respectively.
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TIL Virtual High-Throughput Screening

Using these methods the K; and K, of perfluorinated
compounds are computed and ordered relative to a variety
of agonists/antagonists and putative natural ligands.
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Figure 3: Respectve ligands sec shown in close
upof active st 13 CPK model n the 111G PPAR

Diverse Ligand Data set from DSSTox:

= ~3600 ligands selected, in addition to * dataset used in part II Docking studies
Achiral, MW<600, parent only, organic only, single form

= Exhaustive search algorithm used to sample ligand conformational space of receptor pocket using eHITS

The above methods are used specifically to (1) elucidate
potential sites of binding to a given receptor and rank site
selectivity using classical molecular mechanics force-field
approaches (2) compute the binding affinity of the test
PECs compared to other known strong binding and natural
agents and (3) determine the relative binding affinities of a
diverse subset of compounds including PFCs.
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= Empirically parametrized scoring based on known ligand/receptor complexes.
= Dock at same site as determined by IMulti-Fragment Search (above)

= Bin the results and sort by order of tightest binding (top of pyramid) to weakest binding (bottom of pyramid)

= Representative hits are shown for each affinity class, selected as the top of each respective binding strength bin.
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