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Problem

m Growth of biotechnology has been
tremendous.
— Trajectory similar to 20t century electronics
iIndustry

m This growth has lowered barriers to entry

for constructing novel biological agents.
— A key challenge of the asymmetric threat

B Modeling and simulation can be used to
dramatically improve consequence
management.

— Elucidate pathogenic mechanisms
— Development of intervention strategies
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Background

Text Mining

Qualitative Model

Quantitative Model
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Parameter Estimation

st = aLrayyiag. 43
mu = array((D.05) ):

- optimizell.py _(Python)--121-- 7%
x = [111., 19., 26., 15., 111.]
= fmin(reaction2, x)
IIJ:] ksl: 19

o

Iteratively refining computational modeling with
experimental techniques
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Objective

Utilize computational modeling techniques
to speed response to pathogenic agents

— ldentify how a biological warfare agent is acting to
disrupt normal cellular processes

— Develop and test intervention strategies
computationally

— Estimate pathogenicity so countermeasures can be
mounted that are commensurate with the posed
threat

Developing computational tools, informatics infrastructure, and
interdisciplinary expertise to model cellular systems
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Activities

m Construction of qualitative and quantitative
models of fas-mediated apoptosis
— Programmed cell death pathway that is perturbed by
a number of biological warfare agents

m Participation in experimental studies at the
Walter Reed Army Institute of Research

m Collaborative efforts with groups in academia
— Integration of multiple apoptosis models

m Development of specifications for wet lab
construction
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Highlight

Model Reactions

FasR + FasL < Fas_Rec_Lig

Fas_Rec_Lig + FADD < FasComplex

FasComplex + Procaspase8 - Caspase8 + FasComplex
Caspase8 + BID - tBID + Caspase8

Caspase3 + BID - tBID + Caspase3

Caspase8 + RIP = Inhi_Complex1

Procaspase8 + Caspase3 - Caspase8 + Caspase3
Caspase8 + Procaspase3 - Caspase8 + Caspase3

e o
Fas_ReceptoP*l Fas_Ligand
\"\ﬂ
.
| Faz_Rec_Lig
@
FaDD
A

L
Caspase8 + CIAP < inhi_Complex2 PasComplex
Caspase3 + CIAP < inhi_Complex3 —
Caspase8 + RIP > RIPc O X
Procaspa§e€ 4
. . . -,
Kinetic law formula : R
- «reaction name="114" reversible="true"> -
- <listOfReactants> @ « 4
<specieReference specie="Fas" stoichiometry="1" /> RIFc TR e
</listOfReactantss i \\ o
- <listOfProducts:= / o
<specieReference specie="FADD" stoichiometry="1" /= II' 7 <o
</listOfProductss Procaspase3
+ <annotations=> o )
- <kineticLaw formula="J14_k1*Fas-J14_k2*FADD"> RIP J
- <listOfParameters> /
<parameter name="J14_k1" value="4.6" /> o
<parameter name="J14_k2" value="0.1" /> ,;/ I'.
</listOfParameters> |
=fkineticLaw:> o }
</reaction> inhi_Complex2
. . . .\I "
Protein information % \\ .
</specie> £ - ) \\\
- =specie boundaryCondition="false" compartment="compartment" initialAmount="65" name="Fas"> O i Complea \'*&
+ <annotationss P e ‘__q_"‘“-“---—h,__q\
</species [}
«</specie> Cazpased

- =specie boundaryCondition="false" compartment="compartment" initialamount="9.6" name="FADD">

+ =annotations:
</fspecies
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Demonstration

Text mining of the literature
Qualitative simulation

Creation of network in SBML format

Quantitative modeling
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™ L: T Biol Chem. 1799 Jun 4,274(23):16337-4

‘The solution shuctare of FADD +
death domain interactions of Fas

Jeang EJ, Bang 8, Lee TH, Park YT, &

Structural Biology Center, Boren Tnstitute
Eoren Ungveesay, Seoul, 136-701, Korea

A signal of Fas-mediated apoplosis is tram
azzociated death doman protem (FADD) T
Fas and FADD! T understand the signal t
apaptosis, we salved the sobubon strachire
of six helices arranged in a similar fold to o
between the death domams of Fas md FA
mdicate that charged resdues m helbees alp
mteractions, and the interacting helices app
FADD wnth alpha3 of Fas and nee versa

PMID 10347191 [Pubbied - mdesed for

. . s . . i
i I|
b
— — i%
m—— — = |
- - |
¥
!
. : : . . .

MITRE

© 2005, The MITRE Corporation



Impacts

Creation of a computational model of apoptosis that is
extensible to address implications and therapeutic
strategies for other BW agents

Expertise in analysis of BW and CW agents resulted in
sponsored work with the US Army Research Institute of
Chemical Defense

Development of sponsored work for the Naval Medical
Research Center focused on bioinformatics of anthrax

Early collaborative work with the Centers for Disease
Control and Prevention resulted in an innovation grant to
pursue complementary research

Joined the Institute for Collaborative Biotechnologies

— An Army University Affiliated Research Center (UARC)
— Academic affiliations: UC-Santa Barbara, Caltech, & MIT
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Future Plans

Bifurcation Analysis

Phase-plan

e Analysis
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