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Diaitizina Legacy Data 
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Systems-based approach: 1 - developmental toxlclty 

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

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

I a key properties of many biological systems are similar in 
concept to mechanical (engineered) systems 

components C3 device C3 modulo C3 system 
signak networks cell 
t~ssms organs organiam 

1 Research Strategy 

I . , . . Top-down: decomposesystem into 
component parts (basic entities) 

Bottomup: logically assemble basic 
entities into functional system 
+ e: delaUsd molecular kmnvbdga 

Increaskgly available 
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middle ground holds 
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9 intemperability of toxicity data 
wah TXGIHCWHTP data lo 
panem by: 

-chemical 
-study type 
-effect (e .~ . ,  DTX) 
-species 
-dose 
-mode of &ion 

Prenatal Targets: 
mode of adlon 

PROGRAMMED RESPONSES 

CONDITIONED RESPONSES 

TRANS-DIFFERENTIATION 

GROWTH & DEATH SIGNALS 
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8- Example: maternal alcohol intoxication 
*'-- durlng pregnancy 

13% mothers amr aunng pregnancy 
1% of babies damaged by alcohol . Fetal Alcohol Syndmm, (FAS) 
can be lriggered in mice (day 8) 
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FAS in mice 



Genetic susceptibility: evaluating alcohol-related 
birth de#ects In two pedigrees of C57BU6 mice 

C57BU6N = CS7BLISJ , 
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C57BU6N < C57BU6.l 
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Classdiscriminating peptides 

9 origin of mh peaks 1495.8 8 1360.6 from AFP (alpha- 
fatoprotein); confirmed by L C M S  and in si/iw digest 

9 AF-AFP levels consistenuy low in the sensitive (B6.J) 
pedigree on day 17 following maternal alcohol on day 8 
soLves D M 8 a t a t ( 2 0 0 7 ) ~ U m h o ( S y n d m n * ( F A S ) h ~ ~ l l r o v g h  
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9 Low MS-AFP levels reported in 59% drinking moms who 
gave birth to a malformed baby [relative risk 2.461 
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Signature Pathways: B f a ?  2 anatpi. of Gem ontwy bsaed on KEGG 
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I Biomarkers: pmteomic an 
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Mapping the FAS transcriptome: rn se k,,, I 

Predicted FAS gene asmeciation n twc#k t I 



System models I 

I 1 network graph funaionaw 
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Information processing: a- - c o m p u ~ o n a l  systems modeling 

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

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

I 4 regulatory networks: si nal-flow oriented; information 
processing used to maie adjustments (e.g., controllers) I 

r all systems require energ control. and robustness to I function: embedded h n e b  topology I 

I-- How to portray a bionetwork 

8 -  
In the postgenomics world ... I 

dynamic 
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... our ability to create mathematical 
models describing the fundion of 
biological networks will become just as 
important as traditional lab skills and 1 thinking - D ~ u ~ w ( 2 0 0 1 )  Natwa4m. 758780 
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7Uolecdar bidogy !oak H u m p  Dumpty 
aped ... mathemetrnrl mod fng IS 
mquirad to pul him back together again 
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1 - Network topology 

in nehirork theory, 'scale' refers to coMedivii 
sample 32-node network randomly linked 
a l l  nodes have low-degree of connectivity 
latle or no modularity I robustness 

system readily falls apart when any d e  is lost 
Rndn,mlwom 

& same 32 nodes poltrayed as a scale-free network 
m t  nodes have bwdegree conneclivii 
a few nodes (hubs) have highdegree conneetlvi 
modular wganizeliin of most nodes . 'graceful degradation' with loss of a random node 
Achilles' heel = hubs: vulnerable to targeted attack 
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&p?% Summary: DTX systeome 
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GOAL: compendium of developmental toxldty pathways 
to apply system control theory and model ... 

4 altered flow of molecular regulatory information in the embryo 
(toxicity pathways) 

I r biologlcal conditions under which perturbations invoke critical 
cellular effects (modeof-action) I 

r connectivity between adverse and adaptive changes (cellular 
response networks) I I r chemical priofitization for further evaluation and testing 
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