Vielecular Viedeling:
Application te: Computational

Toxicology




Modeling the Interaction between
Envirenmenital Chemicals and lakrget
Macromolecules

o A Cemputational Approgch to Understanding Key.
Steps In the Mechanisms for TexXICIty

.l A Toeel for Prieritization off Bloassay Requirements




fhe application ofi medern expermental
technigues ter the stuady. of clhiemical texicity: has
ledl ter an explosion; of data that IS relevant te the
risk assessment pProcess.

Often that data Is not guite: the' data ene would
Want fier evaltiating hsk:

IHOW, EES) GNne Uuse the: existing| data te) ehtain
the infiermation needed and/or te determine
What IS the key missing Infermation?




Extrapolations for Evaluating
the Risk Posed by Chemicals

IHIgh Dese te Low: Doese
Route off Exposure te Reute off Exposure

SPECIes 1o Species

Populatien; Characteristics
Sensitive subpopulations
Life Stages

Complex: Exposure

DoSe regime
Mixtures off Chemicals




Knewledge ofi the Vechanism
ofi Toxicity Often Provides a

Rational Basis for Extrapoelation




Elements ofi Toxicity: Mechanisms

TOXICANT-TARGET
INTERACTION

TRANSPORT
METABOLISM EFFECT

EXPOSURE

chemical — _ |chemical I /timate | _ _ .| Biological
agent agent DS Endpoint

vapor pressure partition coeff. electronic
solubility |0g P steric
acidity 3D properties
interaction energies




For Example,
Will'a chemical ofi unknewn activity act as an
estrogen?

‘ QeI e KeYASLEPNIINIIE
JIHECTIAIIISITN O dGLIo)]

Will' the unknown chemical bind to the estrogen
receptor?

‘ WGEEISUIESLED,

Does the unknown molecule bind to the
estrogen receptor?




Vielecular Viedeling:
Application te: Computational

Toxicology
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Biologjcall Knewledge Computational
Advances: Advances:

[eading o improved:

o' Mechanism-based iramework ior SAR medels andlexirapolalions
o Abilify e mode! biclegicalinferacions wiit greaier sopnislicarion

o Ability torexplore chemical struciure associations across foxicity
and infeormation demains




= J1he methoeds fer molecular moedeling in bielegical systems
are rapiadly impreving.

=fhe engine fier this/ Improvement Is the pharmaceutical
Industry and the commercial need te) develep new: artgs:

= Assessing texicity IS similar te finding new’ drugs but in
Impoertant Waysiiit IS diffierent.
= o/ be: a viable drug a molecule must e streng actor
= Epvirenmental agents; are: ofiten Weak: actors
= [ifa drug company. finds GRe: or a few: prospective
agents,, that IS, a SUceess
= \Werneed to all or almost all of the: potential agents

="Our goal Is to prioritize testing, so false negatives are much
more iImportant than false positives.




Crystal structure
firem theliterature

1E3G Human Androgen Receptor
Ligand Binding Domain with
Ligand Metribolone (R1881)

Doecking

Computatienally:
createdi target
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1E3G Human Androgen Receptor
Ligand Binding Domain with
Ligand removed computationally




Docking

The best fit between an unknoewn potentialiligand and the
moelecular target Is then: ohtained.

Using classical methoas

IR thIS manner alarge library of petential ligands; couid
e SCreened.

SCOKNg function
Elexipiliy

Moedels that Incliude mere ofi the Unaerlying physics
Off the Interaction: may. e Used:

Electronic structure
Targets where what happens after binding Is Important

Enzymes;, DNA




Initial study PAH metabolites binding to the
estrogen receptor

Observatuiens firen initial study,

Many. crystal structures of the: estregen receptor
with! different ligands; hound.

Fargetsi created from: different crystal

stiuctures yield different results
Pretein flexinility

Cenciusion
Both protein and ligand fiexibility: are impoertant.




New: Appreach to: Decking

Traditienal docking studies

One proten target and the comparnsen oif an
aray. of potential liganads

e best potential ligands for that target

INEW approach

A series ofi (related) proetein: targets

Chemicals tor e screened are docked Into
each target

fhe most likely target fior each liganad




Androgen Androgen Androgen Estrogen Estrogen
Receptor Receptor Receptor Signalling Receptor Receptor
Mutant (rat) (rat) Protein Alpha Alpha

LIGAND 1GS4 1137 1138 1K5D 1GWQ 1GWR
Vinclozolin -7.04 -7.70 -6.62 -6.80 -7.50
Bisphenol A -7.89 -1.51 -6.80 -8.34
Dihydrotestosterone -9.97 -10.51 -7.11 -8.09

17b-Estradiol (E2) -9.49 -10.37 -10.17 -7:53 -10.71

Estriol -9.89 -10.35 -9.88 -8.43 -10.41

Progesterone -9.11 -9.91 -6.35 no binding no binding
Promegestone no binding -7.93 -6.09 no binding no binding
Testosterone -10.12 -6.99 no binding no binding
Aldosterone -7.63 -6.40 no binding no binding
Corticosterone -8.29 -5.68 no binding no binding
4-androstenedione -9.80 -5.87 no binding no binding
R 1881 -9.53 -6.37 -8.43 -9.44
Cyproterone Acetate no binding no binding -5.83 no binding no binding
Linuron -7.10 -6.69 -6.99 -6.55
Pregenelone -9.69 -6.12 no binding no binding
Mibolerone -9.56 -6.24 -8.92 -9.66
5A-Androstanol -9.40 -6.31 no binding no binding

acetoxyprogesterone no binding no binding -5.88 no binding no binding

Trenbolone -10.01 -6.06 -8.07 -9.25

Methoxychlor no binding no binding -7.75 no binding
HPTE -7.33 -6.83 -7.32 -9.33
o,p'-DDT no binding no binding -6.97 -8.58
p,p'-DDE -7.70 -6.62 -6.80




The best interaction partner for each chemical
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Conclusions

 Easilyavailanle: metheads for [Decking™ Snow.
promise
**IVIoSt ofi these methoeds de net allew the
receptor 1o e flexikle dukng docking
“ [his artificially limits the sulset ofi chemicals
that Bind te) receptor




Conclusions

WWihen: a series off potential macremolecular
targets; are considered simultaneously, the
rfesultsi are enhianced

IncIUAING| & PremiscueUS [ECEpLor o cCompParisen
PUIrPeSE alds In classiiying chemicals relative te
stereid hermene receptor PindIng

Well-constrtictedrdata sets; ehtained withrthe
same protecel fron a consistent source will help
e precess off developing metnoeds for screening




A Preposal

Develep: a series off macromolecular targets that
envirenmentall molecules; can be tested against.

Cheice ofi targets would result frem
Mechanistic Understanding

Provide 1nsight Inte the: mechanisms o)
LOXICITY,

he apprepriate level of interaction Between the
tanget and the potentiall texicant Wweuldre
dictated by the mechanism,




Wihat kind off knewledge would he
previded By this approach?

Eeasihility off puitative. mechanisns of actien on
the melecular level

Incorporatien off structui@l infermatien In
Understanding chemical toxicity.

Scereening ofi chemicals for thelr capacity to
partake In SPecIfic Mmechanisms

Predictions; en specific chemicals:
Prioritizatien eff chemicals for testing




Collaborations

NHEERL/RTD
Advice and Data
Duke University
Advanced Computational Chemistry
EPA/Office of Environmental Information
Computing and visualization
SBIR
Sofitware develepments




