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Computational Toxicology

Com_ arz-_:tive Bioinformatics: » Computational Toxicology: the application of
Applications for mathematical and computer models to predict adverse
Developmental Toxicology effects of chemical exposure and to understand the
Thomas B. Knudsen, PhiD mechanism(s) through which a given chemical induces harm
Eurotox Con v, October 8, 2007
Nation nter for Com ional Toxicol : 5. to
integrate modern computing and information technology with
COMPUTATIONAL molecular biology to improve Agency prioritization of data

TOXICOLOGY

requirements and risk assessment of chemicals”

http://www.epa.gov/ncct
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SEPA Problem: SEPA
— ‘ e ™.
== too many chemicals, too high cost, and =t ToxCast™: research program to build
much biological uncertainty an open data-rich system to screen, classify
and rank chemicals for further evaluation
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°__E' A __ Phased development of ToxCast SEPA  Aggregated Computational

Toxicology Resource (ACToR)

Phase Number of Chemical Purpose Est. Cost per Target
Chemicals Criteria Chemical Date

Dala-ich Signature

1 ~300 5 $20k FY07-08
Expanded Evaluation

n >1000 Styucture and and $12-15k FY08-08

Use Diversity

Prediction

m ~t0K Deta-poor and $6-10k FY10-12

+ deliver an affordable, sclence-based system for categorizing chemicals

+ confidence for prioritization will rise as database grows

+ predict and identify potential modes of action

+ refine and reduce animal use in hazard identification and risk assessmant
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SEPA Digitizing Legacy Data
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SEPA Systems-based approach:
EZ=  developmental toxicity (DTX)

<+ how do cells in a developing embryo integrate complex
signals from the genome to make decisions about their
behavior or fate ...

4 ... and under what conditions are these decision-making
systems susceptible to genetic defects or vulnerable to
environmental perturbations?

+ key properties of many biological systems are similar in
concept to mechanical (engineered) systems
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g==... Research Strategy

Top-down: decompose system into
component parts (basic entities)
% Strength: independent of detailed molecular
knowledge
+ Woeakness: not all critical components or
interactions may be known

Bottom-up: logically assemble basic
entities into functional system

Strength: k

increasingly avallable
+ Weakness: limited capacity to project
perturbations onto the system
target-based

middle ground holds
et omarss 24 Ooreiopmen key to mode-of-action ..
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SEPA ToxRefDB
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+ muitidimensional toxicity hm
dataset fo mine relationships -

% interoperability of toxicity data
with TXG/HCS/HTP data to
pattern by:

—chemical

-study type
—eoffect (e.g., DTX)
~species

~dose

~mode of action
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SEPA Prenatal Targets:
Ry mode of action
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SEPA Example: maternal alcohol intoxication
£E===r~—= during pregnancy

* 13% mothers drifk during pregnancy
*» 1% of babies damaged by alcohol

» Fetal Aicohol Syndrome (FAS)

« can be triggered in mice (day 8)
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Genetic susceptibility: evaiuating alcohol-related
birth defects in two pedigrees of C57BL/6 mice
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éll:ll[ fetal weight C57BL/6N = C57BL/6J

. reduction ’
i . cwe

prenatal
death

C57BL/6N < C578L/6J

malformed
fetuses

F‘:.:,:‘..m, Source: Green ol al. (2007) Develop Dynam 236: 613631  u

Biomarkers: proteomic analaysis of amnloﬂl: fluid

fetal weight
reduction

SEPA _ Class-discriminating peptides
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« origin of m/z peaks 1495.8 & 1369.6 from AFP (alpha-
fetoprotein); confirmed by LC-MS/MS and in silico digest

o AF-AFP levels consistently low in the sensitive (B6J)
pedigree on day 17 following maternal alcohol on day 8

Source: Datta et al. (2007) Fetal Alcohol Syncirome (FAS) in mice detected through
of the amniotic fuld

& Low MS-AFP levels reported in 59% drinking moms who
gave birth {o a malformed baby [relative risk 2.46)

Sounx H&nwmldald (1987) Prediction of fetal aicohol syndrome by maternal
progancy apecific beta 1-
mymmslw1 473478
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SEPA Signature Pathways:
(=== level 2 analysis of Gene Ontology based on KEGG
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Mapping the FAS transcriptome: mi;se

embryonic headfold 3h after maternal alcohol exposure

!l\t

PK1118S
refractory strain 5
(no increased risk)
C57BLI6N —
? S adq:ﬂve
| stnanol | : f ‘
(29 gikg) | ===> FiiRe
| on day 8 I &
[cs7BLed |

sensitive strain
(39% malformed)

Source: Green et al. (2007) Develop Dynam 236: 613-631
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SEPA System models

Based on MW Covert (2006) Integrated regulatory and metabolic modeis. In: Computational
Systems Blology, edited by A Kriete and R Eils, Eisevier Academic Press (page 194)

® / . INPUT (1) OUPUT (0)
. ( ) STIMULUS RESPONSE

components graph functional model
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SEPA Information processing:
=== computational systems modeling

+ cells may be viewed as an integration of two basic kinds
of networks that direct the flow of molecular information:

¢ metabolic networks: mass-flow oriented; fast reactions
driven by flux of metabolites (e.g., engines)

¢ regulatory networks: signal-flow oriented; information
processing used to make adjustments (e.g., controllers)

<« all systems require energy, control, and robustness to
function: embedded in ne topology
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'aglz___ How to portray a bionetwork
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simulation

Source: Imran Shah, NCCT £l
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SE*\______ In the post-genomics world ...

... our ability to create mathematical
models describing the function of
biological networks will become just as
important as traditional lab skills and
thinking - o Butter (2001) Natura 409, 758-760

“Molecular biology took Humpty Dumpty
apart ... mathematical modeling is
requirad to put him back together again

—Schnell et al. (2007) Am Sci 95:134
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SEPA Network topology
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+ in network theory, ‘scale’ refers to connectivity
« sample 32-node network randomly linked
« all nodes have low-degree of connectivity
litthe or no madularity / robustness
« systern readily falis apart when any node is lost

* same 32 nodes portrayed as a scale-free network
= most nodes have low-degree connectivity
« a few nodes (hubs) have high~degree connectivity
modular organization of most nodes
« ‘graceful degradation’ with loss of a random node
— Achilles’ heel = hubs; vuinerable to targeted attack
Scale-free Network =

SEPA Summary: DTX systeome

GOAL: compendium of developmental toxicity pathways
to apply system control theory and model ...

¢ altered ftow of molecular regulatory information in the embryo
(toxicity pathways)

& Dbiological conditions under which perturbations invoke critical
cellular effects (mode-of-action)

« connectivity between adverse and adaptive changes (cellular
response networks)

+ chemical prioritization for further evaluation and testing
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