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Objectives and General Approach

Objectives

e To address, in a systematic and integrative manner, multiple elements of the
toxicant Source-to-Outcome sequence (Investigational Area /) through the
development of an integrated, modular, computational framework

e To develop predictive cheminformatics tools for toxicant characterization and
Hazard Identification (Investigational Area 11)

e To demonstrate the above tools through applications in Quantitative Risk
Assessment (Investigational Area 111)

- particular emphasis will be on methods that quantify and reduce uncertainties
General Approach

e A computational/engineering/systems perspective

- team of computational scientists and engineers, with diverse backgrounds in
bioinformatic, cheminformatic and enviroinformatic applications

e The new framework and tools will build upon an extensive base of past
developments

e The research effort will emphasize interaction and collaboration
- with existing centers and laboratories at the ebCTC investigators institutions
- with USEPA centers and laboratories (internal and external)
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Research activities of proposed effort will be organized in 5 projects

e Each project will develop a set of “stand-alone” components addressing specific CT problems

e Research Project 1 will provide an integrative framework for Investigational Area 1
e Project 4 will address the core issues of Area 2

P.

Investigational Area I:
Source-to-Outcome

Framework

Area Leader R

.
N

Georgopoulos

Project 1: UMDNJ/Rutgers
Development of the
DORIAN* System and
ebKB™**

P. Georgopoulos, W. Tong

Quantitative Risk
Assessment
(Resource Team)

|
UMDNJ Project:

Demonstration Usage of the

Project 2: Princeton
Tools for Optimal
Identification of
Biological Networks
H. Rabitz

DORIAN* System in Risk
Assessment Applications
P. Georgopoulos, W. Welsh,

P. Lioy

Project 3: Rutgers
Hepatocyte Metabolism
Model for Xenobiotics
M. lerapetritou

*Dose-Response
Information Analysis

**environmental bioinformatics

Collaborators

Knowledge Base

QA Officer

Investigational Area lll:

Investigational Area II:
Hazard Identification
Area Leader
W. Welsh

Project 4: UMDNJ
Chemoinformatics
Tools for Toxicant

Characterization

W. Welsh

< Collaborators )

Project 5: Princeton
Optimization Tools for
In silico Proteomics
C. Floudas

Collaborators

QA Officer

| elf T workplan

overview



Organizational
Chart e}C I ( !

ebCTC Director
W. Welsh

I
ebCTC Assoc. Director

EPA Project Officer
EPA Center for
Computational Toxicology

QA Officers

P. Georgopoulos | ' Document Storage

& Retrieval

L . | i [ i omgi |
Biological Science | ebCTC Executive Committee : Inter?ctlonlCoordmatlon |
Resource Panel ' with other Centers

T L ) — — — _
POTA (Public Outreach

Administrative | [~ | and Translation Activities)
External Advisory Committee Core ﬂ
(to be formed following funding Demonstration Projects
of Center)

RESEARCH PROJECTS for
Investigational Areas |, Il, & I
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Some Background Information
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MENTOR & DORIAN Address the Source-to-Outcome Continuum

Source/Stressor Formation

i Chemical
i Physical
i Microbial _
Yl Transport/Transformation
! Duration

i Timing

i Dispersion
i Kinetics

E Thermodynamics Environmental

i Distributions Characterization
: Meteorology
Air
Water
Diet
Soil & Dust Exposure

Emission Inventories

i Pathway
! Route

! Duration
! Frequency
i Magnitude

Environmental Databases

Demographic & Activity
Databases

CERM: Center for Exposure and Risk Modeling
MENTOR: Modeling ENvironment for TOtal Risk studies
ebCTC: environmental bioinformatics and
Computational Toxicology Center

DORIAN: DOse-Response Information Analysis system

MENTOR

Absorbed
Target
Internal

Biologically Effective

DORIAN

Disease

Altered Structure/Function

Early Biological Effect:

Biomarkers

.
Molecular ;

Edema }
Arrhythmia }
Enzymuria :

Necrosis |
etc.

Cancer }
Asthma |
Infertility }
efc. i

Physiology Databases

Individual(s)
Population

Statistical Profile
Community of Concern
Reference Population
Susceptible Individual
Susceptible sub-populations
Population Distributions

Biochemical i
Toxicokinetics: Cellular |
Biomarkers Organ : Bionomic Databases
/ Organism |
Urine }
Hairi
Blood ; Biomarker (exposure, effect,
Nails : susceptibility) Databases
efc.:

This schematic has evolved from various graphical
representations of the source-to-outcome sequence,
that were developed in recent years by USEPA.
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MENTOR
Modeling ENvironment for TOtal Risk studies

Modules/Algorithms Defining Population Samples for
Appropriate Demographic Units (Census Tract, County, State, etc.) and Simulation Period

Modules/Algorithms Defining Attributes and Space-Time Activity Patterns for Each Virtual/Real Individual in the Sample Population

PROBLEM TOOLS FOR
DEFINITION ENVIRONMENTAL DATA INTEGRATED
FRONT END AND BIOLOGICAL MODULES PROBABILISTIC &

WITH GIS PROCESS MODELS LIBRARIES DIAGNOSTIC

OPTIONS ANALYSES

macroenvironmental models /q— - multiscale domain data import/export
DATA WAREHOUSING,
i MANAGEMENT, AND MINING 5 S = z
ecological food-web models )— ENGINES integrated sensitivity/uncertainty analysis

local multimedia environmental models /1— variability characterization

ENVIRONMENTAL
microenvironmental models /I— INFORMATION

SYSTEM (EIS)

Bayesian model/data assimilation

TOOLBOXES

activity pattern/exposure event models /1— treatment of missing data

biologically based dosimetry

and toxicokinetic models systematic model reduction

dose-response models /4— operational/diagnostic model evaluation
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The physiologically based toxicokinetic modules in MENTOR aim to characterize
cumulative and aggregate exposure, uptake and target tissue dose

Air Exposure

Oral Dose
f Particle '

Modules of different levels of

complexity for specific Iy i X X
organs/tissues and alternative M LIrafue persae — QECay
v deposition/ VOC H
|

formulations for different types : i :
. . yP . { Gas/Blood Exchange ! evap?rahon :
of contaminants are available in | i
the MENTOR system | [ v i
= Lungs :
A
\ J
Heart < Esophagus &
Portal Stomach
A—venou
Liver system Spleen
Kidney ;i Hepatic metabolism » Pancreas
1 “ ] H
] Kidney Tissues ] m{: :Tl'mr“ (— i-.-Bile excretion-«----- L » Inte?tina
.................................... AIRRORON: 1

Red Blood frommmmmnmmmmmmmmm e men e Red Blood
Cells H 4 1 : Cells
A ;

Venous Blood . Arterial Blood
~ Cortical Bone <+
Plasma H
Extracellular H Trabecular Bone <

Fluid h T

Plasma
Extracellular
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Application of MENTOR/SHEDS-4M for
combined Arsenic (111) and
Trichloroethylene (TCE) Bt 5
population exposure and dose | e [T e
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Comparison of cumulative distributions of total
arsenic amount in urine from MENTOR/SHEDS-4M - . . . . . .
. 0 2 4 6 8 10 12 14
calculations and measurements from the NHEXAS time(day)
study for 6 age groups in Franklin County, OH Calculated profiles of liver doses of Arsenic and
SHEDS: Stochastic Human Exposure and Dose Simulation TCE from a 14 day hypothetical repeated

exposure for a 27 year old female
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Structure-based Design

Integrated Approach

il | PPy | SeeReiel | G Reew | Gdediias | Sew

Py — | LR ETrr—

A ACTRAITY 5. COMEA 6 |°

a2 TRIAL-PREF.

ANTIINFLARMMATORIE:

Predictive
Molecular
Toxicology

Virtual Screening
of Databases
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START

Small molecule or
Protein binding pocket

Shape Signatures Tool

PROCESSING

OUTPUT

-

Ray tracing to
generate the raw data

Shape (1D)

Shape + Charge (2D)

0 40 8.0 120 16.0

1D and 2D
Shape Signatures
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From Molecules to Mechanism

Shape Sigs PDB Ligands

P B [T

Query = En Matching Target

Molecule j S o OB = I P DB Ligand Receptor

KEGG Metabolic Pathways:
e http://www.genome.ad.jp/kegg/metabolism.html
EMP - Enzymes and Metabolic Pathways:
e http://emp.mcs.anl.gov/
WIT - Metabolic Reconstruction:
e http://wit.mcs.anl.gov/WIT2/
UM-BBD - Microbial Biocatalysis/Biodegradatation:
e http://umbbd.ahc.umn.edu/
EcoCyc - E. coli Genes and Metabolism:
e http://www.ecocyc.org/
Metalgen - Genes and Metabolism:
e http://indigo.genetique.uvsq.fr/
Boehringer Mannheim - Biochemical Pathways:
e http://www.expasy.org/cgi-bin/search-biochem-index
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Investigational Area 1 — Research Project 1:
Development and Application
of the DORIAN System

Dr. Panos Georgopoulos, P.1.,

Director, Computational Chemodynamics Laboratory

Co-Director, Center for Exposure and Risk Modeling

Environmental and Occupational Health Sciences Institute (EOHSI),

a foint institute of UMDNJ-RWJ Medical School and Rutgers University
Department of Environmental and Occupational Medicine,

UMDNJ-RWJ Medical School

Dr. Weida Tong, Co-P.lI.

Director, Center for Toxicoinformatics,

National Center for Toxicological Research (NCTR)

US Food and Drug Administration (FDA)

Department of Pharmacology, UMDNJ-RWJ Medical School



Area 1 - Project 1.
Development and Application of a
Dose-Response Information Analysis (DORIAN) System

e Component 1: Development and deployment of an environmental
bioinformatics Knowledge Base (ebKB)

e Component 2: Development of ebTrack system for integrated management
of eb (genomic, transcriptomic, proteomic, metabonomic) data

- it will build upon (and ensure interoperability with) FDA's ArrayTrack

- It will provide an interface to moaules of DORIAN and linkages to components of
MENTOR and other external (public and commercial) software systems

e Development of DORIAN:

- Component 3: Implementation of Bayesian tools for characterizing and reducing
uncertainties in mechanistic modeling of toxicity pathways

- Component 4. Development of diagnostic tools for sensitivity and stability analysis
of mechanistic models and of statistical methods for data analysis

- Component 5: Enhancement of tools for Quantitative Risk Assessment

= cross-species extrapolation, chemical mixtures, and dose-response models

e Component 6: Support of applications (case studies) demonstrating
enhanced Quantitative Risk Assessments
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Research Focus Areas CERM/MENTOR and ebCTC/DORIAN

Model Structure
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Compartmental/Dynamic
Distributed Parameter
Substructured/Multiscale
Nonlocal/Multiscale

Genome
Transcriptome
Proteome
Metabolome
Cytome
Physiome
Biome
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(RESEARCH FOCUS
AREA FOR

CERM/MENTOR

Information Library

Emission and Properties

Information Libraries

Enviromental Demographic

Information Library
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Libraries of Agent [
Properties

L
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Computational Chemistry
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RESEARCH FOCUS
AREA FOR

Coupled Interpretation with
4 Source-to-Dose Modeling

c Analysis Tools (— Proteomics Analysis Tools
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Traditional Toxicological

Information w

\

 Pathway Analysis Tools
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Information Library

bCTC/DORIAN

Proteomic Information
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Genomic
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(& ebKB - Mozilla Firefox

M=%

File Edit ‘iew Go

Bookmarks  Toals

BromrorMATICS |
|- Physiomics
o L

Help

CHEMINFORMATICS |

Cytomics Metabonomics
- L L

ENVIROINEORMATICS
Proteomics
L

Genomics/ Transcriptomics
J

etk

-; environmental bioinformatics Knowledge Base

Computational Toxicology | Risk Assessment | Diagnostic Tools

Integrative
Databases
Integrative
Tools
Integrative
Metadata

BIOINFORMATICS

* Sajacted [iterature

® Sefected Literature

CHEMINFORMATICS

—Databases

& QSAR

* Shape Signature

—Tools

® Data Management

® Yirtual Synthesis

* Similarity Search

# Post Processing and
“izualization

—Metadata

® Standards and Markup
Languages

* Portals and Knowledge
Libraries

—

& Sefected Literature

=

L]

Metabonomics

I_—I]atabases
i # Pathwways
Cytomics —Tools
I_—[latahases ® Data Mansgement
oA ® Apoptosis & Simulstors
Physiomics ® Senescence ® Pathwvay Profilers
—Databases # Zignal Transduction * Post Processing and
# Moclel Organisins & Oncalogy “isualization
—Tools —Tools —Metadata
* Data Management & Data Management ® Standards and Markup
® PETH Models ® Cell Simulators Languages
—l_ ® Post Processing and | @ Post Processing and = Portals and Knowledge
“izualization “isualization Likraties
—Metadata —Metadata & Sefected Literature
® Standards and ® Stanclards and Markup
atkup Languages Languages
# Portals and ® Portals and Knowledge
Knowledge Libraries Libraries

ENVIROINFORMATICS
—Databases

& Toxicity

® Biomonitoring
—Tools
* Data Management

Wodeling
# Exposure Modeling
* Diose Modeling
® Integrated Modeling

—Metadata

* Sefected Literature

L

Proteomics
—Databases
& Shape/Structure
& Protein Markers
# R Spectra
* Classification
& Macromolecular
tavements
# DRA-Protein Interactions
—Tools
# Data Management
® Searchidlignment
* Classification
& Structure Prediction
# Post Processing and
“Wisualization
—Metadata
® Standarcs and Markup
Languages
# Portals and Knowledge
Libraries

& Concentrations and Exposures

# Demographics and Activities

® Environmental Fate and Transpoart

® Post Processing and Yisualization

® Standards and Markup Languages
# Portalz and Knowvledge Libraries

® Sefected Literature

Genomics/Transcriptomics
—Databases
* SeguencesMaps
* Genetic Markers
* Gene Expression
—Tools
* Data Management
®* Searchialignment
& Apnatation
# Gene Expression
* Post Processing and Visualization
—Metadata
* Standards and Markup Languages
& Portals and Knowledge Libraries

& Sefected Literature

©

The environmental
bioinformatics
Knowledge Base
(ebKB) will evolve

as a comprehensive
compendium of
tools, databases,
and literature

Search Environmental Bioinformatics Resources

[ Study Type ] [ Tiss

ue/Organism ]

|

[ Compound ] [ Toxicol. EndPoint ]

BIOINFORMATICS (Genomics, Prateomics,

Metahonomics, Cytomi
CHEMINFORMATICS

—

L 2 J
Computational
Toxicology
—Selected
Literature Risk Assessment
® General Dosze-Response
Literature > Cl_lemical —
® Agency Mixtures
Reports Cross-Species
® Journal Extrapolation
Manuscripts
® Conference
Prezentationz

ENVIROINFORMATICS

cz, Physiomics)

Diagnostic Tools
Sensitivity and
Uncertainty Analysis
Pattern Recognition and
Data Mining
Model/Data
Assimilation and
Optimization/Calibration
Mis=ing Data Handling

Dane
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An example application of using ArrayTrack/ebTrack for microarray
data anaIyS|s presentlng all the important steps involved

!
|

i

(AN NNN
(AR NEN

-

Four normalization methods, including LOWESS

B

P —

Data uploading and QC

CEORE

| I l'l“l[l]l

e

]

/

Significant genes can be identified based on:
e Cut-off of )p-value (with or without Banferroni

COFI’eCtIOI‘l
thereof

< Volcano Plot (considering both p and fold-change
e P-value Plot (considering false positives/negatives)

fold-change, intensity or combinations

Normalization

Apply to

Gene Selection

PCA

2-way HCA

—

v
Scatter Plot
g
—— e

Expression pattern using
the bar chart plot

—a s

Gene Ontology analysis

Pathway analysis

Individual gene analysis
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Investigational Area 1 — Research Project 2:
Hepatocyte Metabolism Model for Xenobiotics

Dr. Marianthi lerapetritou, P.1.
Department of Chemical & Biochemical Engineering, Rutgers University

Dr. loannis Androulakis, Co-P.1.
Department of Chemical & Biochemical Engineering
and Department of Biomedical Engineering, Rutgers University



Area 1 — Project 2:
Hepatocyte Metabolism Modeling for Xenobiotics

e Component 1: Identification of maximally informative, minimal sets of
toxicologically relevant genes

e Component 2: Development of toxicologically relevant regulatory networks

e Component 3: Expansion of the Rutgers hepatocyte model to incorporate
xenobiotic metabolism

- based on avallable experimental data (genomic and metabonomic) and
developed mathematical tools

e Component 4: Incorporation of transcriptional regulation in order to assess
the changes in hepatocyte phenotypic phase space
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Framework for Systems Toxicology of Liver

Genomic Databases

Genomatix
Ariadne Genomics
INTERFACED WITH
TIMES, COPASI
eCELL, Virtual Cell

--------

-~ Informative Gene ™,
K Selection

-
Y

N .
______
...............

: 1
Iclustering, classification, visualization Analysis Tools
Fe---- available tools
O_ proposed tools Module 1: Module 4:
Toxicologically relevant Transcriptional regulation

gene identification and metabolism

4 N e
Systems Toxicology of Liver Metabolism ——
Flux control  Network component Metabolic control ' ... Optimization ___
ana|y5|5 ana|ySI5 anaIVSIS .................

transcription

factor enzyme

Module 2:
Regulatory Architechture

Module 3:
Hepatocyte Metabolism

COPASI
TIMES, eCell, Virtual Cell

..... ey
.......
g -

-
- -
"""""""
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Interactions/Integration of Project 2 with Projects 3 and 5

Research Project 5:
Pathway Optimization Tools for in  EIF¥S
Importance Silico Proteomics Specificities
Objectives:
e Protein structure (enzymes)
e Signaling networks
e Peptide design

Informative ransduction

Gene Selection Network

4 . )
Research Project 2:
Systems Toxicology of Liver Metabolism
Flux control Network component Metabolic control
analysis analysis analysis

transcription
factor

Research Project 3:
Tools for Optimal Identification
Pathway of Biological Networks Network
sl FObjectives: for Toxins

e Network identification

e Parameter estimation

e Importance of metabolic pathways
e Feedback control loops

Parameter Estimation using
Experimental Data for Reaction Rates
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Metabolic Analysis of Hepatocyte Metabolism
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51255 cwmze T J ] J
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 wid Ao e wo_me 2. Optimize cell response to
ey -~y — = sl = specific perturbation Ciycine
Frowe ! Respatory Gran | 51 0.4
wos A g ~  me .
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1. Metabolic Flux Analysis to Tyrosine
determine internal flux distribution 5 01 -\'
4. Account for g
0.0035 uncertainty_and E Threonine
= 0.003 the effects in E oz .
cs system response | £ ,
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L B E 0.2
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Urea Secretion {(umol/million cells/day)

3. Systematically consider the different cell
function such as albumin and urea shown here

%% Variability in bounds of
extracellular metabolite fluxes
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Important Pathways for Urea and Albumin Production

Glycogen
¢ 70tatty Acids
|

c& 72

Triglyceride },,
76 Fatty Acids CoA

Tryptophan Ketone Bodies
K
ACAC 27

R X
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Leucine
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5
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=
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4
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Methionine Pyruvate Sy
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/< NH3 )17 ‘ Phenylalanine
‘ Cysteine Cysteine  f--—="""

16

Citrate

‘ Threonine Fa»( Threonine ) ( Malate
= ! .

Citrulline \ Arginine ‘
18
»
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G'che Fumarate ) ketoglutarate
15
.4
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e, 5.,

Glutamate
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Glutamate & NH3 19 —» NH3
&

53
Respiratory
¥

ADP +Pi

Valine
Methionine
Isoleucine

Valine
Methionine Glutamine 6163 Glutamine
Isoleucine Histidine = Histidine
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ATP

24 ARG + 32 ASP + 61 ALA + 24 SER + 35 CYS + 57 GLU + 17 GLY + 21 TYR + 33 THR + 53 LYS + 26 PHE + 25 GLN + 30
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N
minCD:Zkj
}“j j=1
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5. Identify the important pathways

Thick red lines correspond to higher
fluxes for Optimal Condition w
Knockouts vs. w/o Knockouts.

Thick blue lines correspond to lower
fluxes. Dotted red lines correspond to
reactions not important in Optimal
Condition.

Bold red amino acids in albumin
synthesis reaction correspond to amino
acids participating at a higher rate into
albumin synthesis.

References:

» Sharma, lerapetritou, Yarmush, Biotechnology and
Bioengineering 92(3), 321, 2005

< lerapetritou et al. AIChE Annual Meeting, 2005.
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Liver-specific Toxicologically Relevant Regulatory Networks
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References: RiH-P b ke Constraints on regulatory strength
« (a) Vitolo, Roth and Androulakis, FOSBE Conference, 2005

e (b) Yang, Roth and Androulakis, AIChE Meeting, 2005
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Investigational Area 1 — Research Project 3:
Development of Computational Tools
for Optimal Identification of Biological Networks

Dr. Herschel Rabitz, P.I.
Department of Chemistry and
Program in Applied and Computational Mathematics,

Princeton University



Area 1 - Project 3:
Tools for Optimal Identification of Biological Networks

e Component 1: Efficient biological network identification tools to infer
network structure from available laboratory data

e Component 2: Robust optimization tools to extract quantitative information
of system parameters (e.g., rate constants, diffusion coefficients, binding
affinities, etc.)

e Component 3: Global sensitivity tools to identify the most effective
molecular target or pathways of biological networks

- for guiding the subsequent laboratory experiment in a reliable and cost-effective
fashion

e Component 4: Optimal feedback control tools to infer networks with
feedback loops
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Structure of the biological network analysis for characterizing toxicity
pathway by analyzing the high-throughput genomics, proteomics, and
metabonomics data through the computational framework

S-space Network . . . .
Identification Procedure Optlmal LR )7
bionetwork parameters

High-throughput (SNIP)

experiment data:
* Genomics
* Proteomics

* Metabanomics * Genetic transcriptional networks

Closed-loop learning with o .
feedback control Signal tl:ansductlon networks
* Metabolic networks

High dimensional, Characterization of Toxicity Pathway
global sensitivity » Identification of diagnostic molecular indicators
analysis * Identification of key initiating molecular events

Q]i_:‘['(_: workplan Investigational Area 1 — Research Project 3



General operation of the S-space Network Identification Procedure
(SNIP) technique in identifying non-linear network connectivities

Native Input

Native Output

~ Functioning Open ~

Encoded Input

X (t,s)=x;(t)m,(s)

Bio-Network

Encoded Output

y:(2,5)

Encoding in '
s-Space

Decoding of
System Signal

y,(t,V)

The mechanistic information about the network is revealed from
encoding the input (e.g., chemical fluxes) by a pseudo time variable
s and decoding the non-linear network output (e.g., protein
concentrations), thereby avoiding the complexity of temporal
modulation. The SNIP technique calls for no network modeling, and
it works effectively in the presence of noise.
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Mechanistic
Information
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Circuit diagram of a synthetic transcriptional cascade. The
SNIP technigue was used to identify the functional
connectivities between the two circuit inputs aTc, IPTG, and
the output EYFP.

Different amounts of aTc and IPTG
inputs are being applied in a series of
encoding experiments (a and b) into the
E. coli cells containing the circuit. EYFP
fluorescence levels (c) following the
encoding were measured as the output
and Fourier decoded (d) to reveal the
regulatory input-output relationships.
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Investigational Area 2 — Research Project 4:
Cheminformatics Tools for Toxicant Characterization

Dr. William Welsh, P.1.
Director, UMDNJ Informatics Institute
Department of Pharmacology, UMDNJ-RWJ Medical School



Area 2 — Project 4.
Chemoinformatics Tools for Toxicant Characterization

e Component 1: Shape Signatures tool that rapidly matches organic and
organometallic chemicals with each other or, alternatively, against target
receptor sites/subsites

e Component 2: Polynomial Neural Network (PNN) that automatically
generates physically-intuitive linear or non-linear QSAR models

e Component 3: Virtual high-throughput screening (vHTS) that predicts
ligand binding affinity and provides mechanistic information (toxicity
pathways)
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Flowchart Shape Signatures User Interface
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Database Database

Shape Sighature Databases

e Current Database >2 million cmpds
e Directed kinase and GPCR databases

e PDB-extracted ligand database
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Novel Discovery Platform

Protein Data Bank (PDB): World Repository of 30K
Protein-Ligand Crystal Structures (http://www.rcsb.org/pdb/)

In this page yvou can select organisms. The protemn ID and the 2D mmages of the hgands will be displayed i a table fonm.
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Shape Signatures of PDB-extracted ligands
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Phase |

]

Phase Il

J

Phase lll

!

Phase IV

Schematic of the hierarchical framework,
using the EDKB as an example

Modules shaded blue will be implemented and integrated during the Project.

[ Rejection Filters }

- MW<94 or >1000
- No ring

[Activeflnactive Assignment]

Quantitative Predictions J

- 3 structural alerts

- 7 pharmacophores
- Decision Forest

- Shape Signatures

- CoMFA model
- QSAR models: PNN, PLS,

Hansch, etc.
- vHTS (Binding Energy)

|
|

Knowledge-Base Approach}

- Other priority setting factors
- Re-evaluating Phases II & III
- Human knowledge
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lllustration of a Decision Forest

Input

Combining Output
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User interface for the Polynomial Neural Network (PNN)

“ Pnn Discovery Client - Untitled
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Maximal iterations number used for robust coefficient estimation: 2
Robust parameter value used for robust coefficient estimation:  1.00
Total rows number in input sheet: 39
Number of rows involved in models formation: 335

diameter | petitjean |petitieanSC| radius | VDistEq | VDistMa |weinerPath| weinerPol
1 | 1ooo0000] ©0500000) 1.000000) 5.000000] 3159500| 8.483300| 920.000000| 32000000 RNEEEUEEEEEE
o 10.000000 0.500000 1.000000 5.000000 3.055800 §.155400 | 695.000000| 28.000000
3 10000000 0.500000 1.000000 5.000000 3.158500 8483300 | 520000000 32-00[!31]0] - -
4| 70000000 0500000] 1000000] 5.000000] 3068000| 5.434600| 694.000000| 34.000000] o ingt | Robust| G|
5 | 10000000 0500000( 1000000 5000000) 3147200] 8.770900(1126000000| 38000000 o e
§ | 10000000 0500000 1.000000| 5000000| 3016800 9.703700|2150000000| 58000000 ype ltegesion squalin:  [Liear Kl
7 | 10000000 0500000) 1.000000| 5000000 3.027000| 9:891000(2502.000000| 64000000
8 11.000000 0.454500 0.833300 £.000000 3.320200 9.461900 | 2074.000000 49.00[!301]] Appled critera type: IHSS ll
3 11.000000 0.454500 0,833300 6.000000 3.325100 9664500 | 2426 000000 SSDDCIJI]]I .
10 | 11000000] 0454500 0833300 6.000000| 3223300  9.259200 | 1688.000000] 45000000 Maimal terms rumber in equations; 40
11 | 11.000000| 0.454500) 0833300| 6000000] 3281700 9.3615001880.000000| 47.000000)
12 | 10000000/ 0500000] 1000000 5000000 3.51100 8.481900| 914.000000| 34.000000) Maximal tetaiorss number 150 3
13 | 12000000] 0500000 1000000 6.000000| 3314500 6747000 1206.000000| 36000000
14 | 12000000] 0500000) 1000000 6000000 3250900 8.465200| 942000000| 32000000) Manal rumberof saved models: m
15 | 10000000| o0500000( 1000000| 5000000 3040000 8.353200| 771000000 32000000}
L e et L atala e nt e e MO AT O TIASAN |4 AR AEE AR AW Mm . m 2
X A& Rows numbe i test subset: [
Settings oK | Concdl | sy |
Type of regression equation: Linear equation
Applied criteria type: RSS
Maximal terms number in equations: 40
Maximal equations degree: 3
Maximal number of saved models: 3
Maximal iterations number: 50

Produces linear or non-
linear QSAR models in

parametric form

User control of model

complexity

Insensitive to irrelevant
variables and outliers

Yields predictive
models, even for
sparse or noisy data
sets

Trains rapidly, thus

amenable to large data

sets

Promising new tool for

applications in
computational
toxicology
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Investigational Area 2 — Research Project 5:
Optimization Tools for In Silico Structural
Proteomics

Dr. Christodoulos Floudas, P.1I.

Director, Computer-Aided Systems Laboratory
Department of Chemical Engineering and

Program in Applied and Computational Mathematics,
Princeton University



Area 2 — Project 5:
Optimization Tools for /n Silico Proteomics

e Component 1: Customized computational methods for protein structure
prediction and de novo protein design

- specific focus on the important families of Glutathione Transferases (GST)
(cytosolic, mitochondrial and microsomal GST)

e Component 2: Computational methods for elucidating the topology of
signal transduction networks

- Emphasis on addressing uncertainties in experimental data and models

e Component 3: De novo computational proteomics methods for peptide and
protein identification via tandem mass spectroscopy
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Overall flowchart for first principles structure prediction using
ASTRO-FOLD

Helix Prediction

- Detailed Modeling
- Simulations of Local Interactions
(Free Energy Calculations)

= =

/ Beta Sheet Prediction

,/ £ ~ | - Novel Modeling of Beta Sheet Formation
2 4/ - Predict List of Optimal Arrangements
(Combinatorial Optimization)

= =

Derivation of Restraints

= B

Overall 3D Structure Prediction L\

- Structural Data from Previous Stages ;\PJ‘)
- Prediction via Novel Solution Approach (\)’
Global Optimization & Molecular Dyhamics)
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Prediction of HLA class Il molecules through deterministic
global optimization: Comparison with crystallographic data

Superposition of the Predicted Pocket 1 of Superposition of the Predicted Pocket 1
HLA-DR3 antigen vs Crystallographic Data of I-E£k antigen vs Crystallographic Data

The structures shown were predicted from the crystallographic structural data of HLA-DR1 and
deterministic global optimization. A selection of five “pockets” was identified at the binding site

of HLA-DR1. Each of these pockets of HLA-DR1 differs from HLA-DR3 and I-£kby one, two, three
or four amino acids.
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Binding affinity evaluation in HLA-DR1 pockets
via the volume solvation method

1000

100

100/1C50

10
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|

Literature data on pocket 1 competitive Global (red) vs local (green) conformations
binding assays. Global optimization data of tyrosine in pocket 1, as estimated
agree with these data. through the volume solvation method.

The global minimum conformation of tyrosine (as shown to the right) corresponds more
closely to the crystallographically determined conformation than the corresponding
local minimum conformation.
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A schematic of
major interactions
among:

(a) Research
Projects,

(b) Projects and
Public Outreach
and Translation
Activities (POTA)
and

(c) Quantitative
Risk Assessment
(QRA)
demonstration case
studies

Public Outreach
and Translation
Activities (POTA)

Quantitative Risk
Assessment
(QRA)

RPO03
Tools for Optimal
Identification of

RP04
Cheminformatics
Tools for Toxicant
Biological R ke
Characterization
Networks

RP01
Development &
Application of
Dose-Response

Information Analysis
(DORIAN) System

RP02
Hepatocyte
Metabolism Model
for Xenobiotics

RPO05
Optimization Tools
for In Silico
Proteomics




Concluding/Commencing Comments

e Projects are “open”

- Emphasis is on the development of computational tools

- Case studies will allow testing and refinement for real-world biological application
e Interactions/collaborations are invited

- An iterative process Is expected for refining the definition of needs and solutions
for specific toxicological problems

- Demonstration/evaluation studjes should be defined in a collaborative setting

etCTC

We look forward to pursuing opportunities
for productive and mutually beneficial collaborations
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Quantitative Risk Assessment Resource Team

Paul J. Lioy

e Professor and Vice Chair of Environmental and Occupational Medicine, UMDNJ-
RWJIMS

e Deputy Director, EOHSI, UMDNJ-RWJMS

e Co-Director, Center for Exposure and Risk Modeling, EOHSI, UMDNJ-RWJMS
Daniel Wartenberg

e Professor of Environmental and Occupational Medicine, UMDNJ-RWJIMS

e Director, Division of Environmental Epidemiology, EOHSI , UMDNJ-RWJMS

Alan Stern

e Chief of Risk Assessment, New Jersey Department of Environmental Protection
(NJDEP)

e Adjunct Associate Professor, Department of Environmental and Occupational Medicine,
UMDNJ-RWJIMS

Jerold Fagliano

e Program Manager/Health Science Specialist, New Jersey Department of Health and
Senior Services (NJDHSS)
{mm BACK
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Quantitative Risk Assessment Resource Team

Paul J. Lioy

e Professor and Vice Chair of Environmental and Occupational Medicine, UMDNJ-
RWJIMS

e Deputy Director, EOHSI, UMDNJ-RWJMS

e Co-Director, Center for Exposure and Risk Modeling, EOHSI, UMDNJ-RWJMS
Daniel Wartenberg

e Professor of Environmental and Occupational Medicine, UMDNJ-RWJIMS

e Director, Division of Environmental Epidemiology, EOHSI , UMDNJ-RWJMS

Alan Stern

e Chief of Risk Assessment, New Jersey Department of Environmental Protection
(NJDEP)

e Adjunct Associate Professor, Department of Environmental and Occupational Medicine,
UMDNJ-RWJIMS

Jerold Fagliano

e Program Manager/Health Science Specialist, New Jersey Department of Health and
Senior Services (NJDHSS)
{mm BACK
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Executive Committee

William Welsh

e Norman H. Edelman Professor of Pharmacology in Bioinformatics
and Computer-Aided Molecular Design, UMDNJ-RWJMS

e Director, UMDNJ Informatics Institute
Panos G. Georgopoulos

e Professor of Environmental and Occupational Medicine UMDNJ-RWJMS

e Director, Computational Chemodynamics Laboratory, EOHSI, UMDNJ-RWJMS

e Co-Director, Center for Exposure and Risk Modeling (CERM) EOHSI, UMDNJ-RWJMS
Weida Tong

« Director, Center for Toxicoinformatics, National Center for Toxicological Research (NCTR), Food and Drug
Administration (FDA)

e Adjunct Associate Professor, Department of Pharmacology, UMDNJ-RWJMS
Paul J. Lioy
e Professor and Vice Chair of Environmental and Occupational Medicine, UMDNJ-RWJMS
e Deputy Director, EOHSI, UMDNJ-RWJMS
e Co-Director, Center for Exposure and Risk Modeling, EOHSI, UMDNJ-RWJMS
Herschel Rabitz
e Professor of Chemistry, Princeton University
» Affiliated Member, Program in Applied and Computational Mathematics, Princeton University
Christodoulos Floudas
e Professor of Chemical Engineering, Princeton University
e Director, Computer-Aided Systems Laboratory, Princeton University
Marianthi lerapetritou
e Associate Professor of Chemical & Biochemical Engineering, Rutgers University
loannis Androulakis
e Assistant Professor, Chemical & Biochemical Engineering and Biomedical Engineering, Rutgers University

(@ BACK
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Biological Science Resource Panel

Deborah Cory-Slechta
e Professor and Chair, Department of Environmental and Occupational Medicine, UMDNJ-RWJMS
e Director, Environmental and Occupational Health Sciences Institute (EOHSI), UMDNJ-RWJMS

Michael Gallo
e Professor, Environmental and Occupational Medicine, UMDNJ-RWJMS
e Director, NIEHS Center of Excellence, EOHSI, UMDNJ-RWJMS
e Associate Director, Cancer Prevention, Control & Population Sciences, Cancer Institute of NJ, UMDNJ

Jay Tischfield
e Professor and Chair, Department of Genetics, Rutgers University
» Scientific Director, Rutgers University Cell and DNA Reporting
Scott Diehl
e Professor, Department of Oral Biology, NJ Dental School, UMDNJ
» Director, Center for Pharmacogenomics and Complex Disease Research , NJ Dental School, UMDNJ
Ronald Hart
» Professor of Cell Biology & Neuroscience, Rutgers University
Arnold Levine
e Professor, Pediatrics and Biochemistry, Cancer Institute of NJ, UMDNJ
e Professor, School of Natural Sciences, Institute for Advanced Study
William Hait
e Director, Cancer Institute of NJ , UMDNJ
e Associate Dean, Oncology Program, UMDNJ-RWJMS
Helen Berman
e Board of Governors Professor of Chemistry and Chemical Biology, Rutgers University
e Director, Protein Data Bank, Rutgers University
Patrick Sinko
e Professor and Chair, Department of Pharmaceutics, School of Pharmacy, Rutgers University

@ BACK
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Interaction/Coordination with:

 BIOMAPS Institute for Quantitative Biology, Rutgers
e Bionomics Center, EOHSI (UMDNJ/Rutgers)

e Cancer Institute, UMDNJ

e Cell and DNA Repository, Rutgers

e Center for Discrete Mathematics and Theoretical Computer Science
(DIMACS), Rutgers

e Center for Exposure and Risk Modeling (CERM), EOHSI (UMDNJ/Rutgers)
e Informatics Institute, UMDNJ

e Institute of Integrative Genomics, Princeton

e Molecular Bioinorganic Institute, Princeton

e National Institute for Environmental Health Sciences (NIEHS) Center, EOHSI
(UMDNJ/Rutgers)

e Pharmacogenomics Center, UMDNJ

e Protein Data Bank, Rutgers

e Toxicoinformatics Center, FDA

W.M. Keck Center for Collaborative Neuroscience, Rutgers

(I BACK
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Administrative Core

Administrative Support

Outreach & Training

e Fred Roberts, Center for Discrete Mathematics and Theoretical Computer
Science, Rutgers University

Demonstration of Research Projects

¢ BACK
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Public Outreach and Training Activities (POTA)
will be handled by the Center for Discrete Mathematics and Theoretical
Computer Science (DIMACS) at Rutgers University

e DIMACS is directed by Fred Roberts

- Professor Il of Mathematics, Rutgers

- Biological Mathematical and Physical Sciences (BIOMAPS), Institute for
Quantitative Biology

¢ BACK
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Research activities of proposed effort will be organized in 5 projects
e Each project will develop a set of “stand-alone” components addressing specific CT problems

e Research Project 1 will provide an integrative framework for Investigational Area 1
e Project 4 will address the core issues of Area 2

Investigational Area I:

Source-to-Outcome "‘\

Framework

Investigational Area ll:
Hazard Identification

P. Georgopoulos

Area Leader "

.
N

UMDNJ/Rutgers Project:
Development of the
DORIAN* System and
ebKB**

P. Georgopoulos, W. Tong

Princeton Project: Tools
for Optimal Identification
of Biological Networks
H. Rabitz

Investigational Area lll:

Quantitative Risk
Assessment

(Resource Team)

UMDNJ Project:
Demonstration Usage of the
DORIAN* System in Risk
Assessment Applications
P. Georgopoulos, W. Welsh,

Rutgers Project:
Hepatocyte Metabolism
Model for Xenobiotics
M. lerapetritou

P. Lioy

Collaborators

*Dose-Response

Information Analysis
**environmental bioinformatics
Knowledge Base

QA Officer

W. Welsh

Area Leader

( Collaborators )

UMDNJ Project:
Chemoinformatics
Tools for Toxicant

Characterization
W. Welsh

Princeton Project:
Optimization Tools for
In silico Proteomics
C. Floudas

Collaborators

QA Officer

(@ BACK
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