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The application realm iocludes, charac~riz..ation, prediction, and control of biomolecular processes such as those related to pathogens; mechanisms 
such as circadian rh) lhms that underlie \.\31" fighter perfonnance and well- being in stressed conditions; and design of bio-sensors. This program 
"-'Ill also pursue a comprt'hcrbive COI,'llitive system that supports rapid analysis and discovery of molecular and cellular level mechanisms 
under)) ins pathogenesis rciC"aOI to biological threats, and the discovery of potential intervention mechanisms. The modeling and simulation 
capahilil)' "iU be extensible from cell level to higher levels such as organ, or~nism, and to collective groups of organisms. In addition, the 
program will begin reverag:ing modeling. s imulation, and bio-infonnatics capabilities to explore new methods of biologically inspired computing 
principles. an::hiteaure. and design of robust am reliable infonnation processing and networking systems. 

(U) Progrom PlaM: 
- Initiate development of a progressively sophisticated suite of dynamic cellular models and architecture for Bio-SPICE (Simulation 

Program for lntra.Cell Evaluation), which will enable modeling, prediction, and control of last submission "cell model" processes, 
wiiJ1 continual validatixJ or each model experimentally. The cell modeli ng and Bio-SPICE will be capable of analysis of hundreds of 
gene-protein !'li!Lwork.s and interactions. 
Continue to nc(l[poratc spatial models into Bio-SPICE and explore potential reduced-order models capabilities to analyze the non­
hnear and stochastic dynamics of thousands of interactions for sophisticated analysis of pathogenic agents. 
Jnve:sligate scalable and e)dcnsible implementation of Bio-SPICE that utilizes a distributed computing architecture supporting a rich 
set of spatia-temporal modcl:.. with the ability to handle vast amounts of experimental data for prediction and analysis. 
Identify candid~ biosysLt.:m elements for intervention strategies in sporulation, cell cycle control, and other processes in defense 
againsL bioagents. 
Investigate the e?.tmsion of research in knowledge representation and reasoning tools to integrate data and models across multiple 
scales. 

FY 2003 FY2004 FY 2005 

Simulation ofBio-Molecular Micros)Stems (SIMBIOSYS) 12.676 9.000 9.000 

lU) The Simulation of Dio.Molecular Microsystems (SIMBIOSYS) program will focus on methods to dramatically improve the interaction 
and integration of biological elements \\ilh synthetic materials in the context of microsystems. Specifically the SIMBIOSYS program will 
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develop methods and tools 10 simulate and design Bio-Moleculat Microsysrems wi1h a high degree of mullHilsciplinary integration. This will be 
accomplished by exploring fUndamental propcnies and compatibility of biological elements at the moleculAr swiace levellhrough experimental 
and lheotelical analyses. Key phenomena 10 be studied include molecular n:cognition processes. signal transduction phenomeru, and micro- and 
118110-scale transpon of biological molecules. Engineering of biological sySlems may be used 10 manipulate these fundamental chataatristlcs end 
optimize the integration of biological elements with synthetic materials for information rollection. It is expected that significant advar.:emenrs in 
devices that utilize or mimic biological elements will be realized lncludi11g sensors. computationnl devices and dynnmic biological materials for 
force protection and medical devices. 

(U) Program Plans: 
- Demonstrate high {signal to noise (SNRJ ratio> 10) transduction of molecular signals into measurable elccaical and mechanical 

signals using nanopores, micro/nano-cantilevcrs, and nanoparticlcs; demonstrate SNR- tOO using solid-state nanoporcs for DNA 
translocation aod using naoopores for uluaselective DNA dc:ection; demonstrate models to correlate trallsduccd signal intensity to 
bio-molecular structure and binding evenrs. 
Demonstrote low power uanspon (- lOX reduction in power) of fluids by modulatilg surface tension in droplet based tran5po11. 
Demonstrate swince-tension modulated II'IUlSpOI'I of droplets on a subSITille; demonstrate computatiooal models 10 optimize transpon 
characteristics. 
Demonstrate orders of magnitude('> IOOX) improvement in microfluidic mixing using electrokinetic and Magneto Hydrodynamic 
(MHO) schemes (based on modeling studies); demonstrate 10 - 100 X improvement in mixing through MHO and electrokinetic 
instability mechanism. 
Develop scaling laws and phenomenological models for bio-moleeular phenomena such as molecular rooognirioo, signal tnosduction 
and bio-fluidic uanspon processes in bio-microfluidic systems; develop and implement scaling laws imo micro fluidic systan 
modeling sol\wan: 10 enable design or lab-on-a-dtip gystcms. 
Design novel hybrid macro-molecular devices that form specific and controlled lr8llsducing functions at the molecular scale; 
demonstrate design of maltose binding proteins and ion charnels with desired selectivity end sensitivity using computatioml10ols. 
Design and demonstrate working devices that incorporate biological elements as sensors. uctuators and computational devices. 
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