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l'l3JlC>-structures and engineered nano-tedmology for use in layout of molecular electronic devices, rellnble crys111.)Jography, and for design of novel 
materials. Set:ond, the program will develop validated computational models of iruerool ccllular processes, apturing complex gene and protein 
intemctioru, end simulation tools, for in-silico analysis, capable of predicting cellulsr spatio-tempoml dynnmics. 'The application realm includes 
characterizatian, prediclion, and control of highly conserved mechanisms of interest 10 DoD, such as those rdaaed 10 pathogenic proces.ses; 
mechanisms such as circadian rhythms lha1 underlie war fighter perfonnance and well-being in stressed conditions: and design of bio-scnsors. 'The 
modeling and simulation capability will be e.mnslblc from cell level to higher' leYels such as organ, organism, and to collective groups of organisms. 
In addition, the program will begin leveraging the modeling. simulalion, and bio-infonnatlcs capability to explore new methods of biologically· 
inspired computing principles, arc hi Lecture, and design of robUSt and reliable infonnation processing and netWOrking systems. 

(U) Tho Simulntlon ofBie>-Molecular Mic.rosysterns {SIMBIOSYS) program wiU focus on methods to dramatically improve the in~mction 
and integraticn of biological elemeniS with synthetlc IMterials in the conteXt of microsysterns. SIMBIOSYS will explore fundrunental properties 
and compatibility of biological elements 81 surfaces through experimenwllld theoretical analyS(S. Key phenomena to be stud~ include molecular 
recognition processes, signalll'1lllSducLion phenomena, and m~ and I\III'IIHicale tmnspon ofbiological molecules. Engineering of biological 
systems mil)' be used 10 =nipulnte these fundamenw characteristics and optimize the illlegration of biological elements with synlhdic materials for 
infonnmion collection. It is expected that significant advllll«meniS in devites l1ul! utilize or mimic biological elemeniS wiU be rcaliud including 
sensors, computational devices and dynrunic biological materials for force protoction and medical devices. Specifically the SlMBIOSYS progmm 
will develop 111ethods and tools to simulllu: and design Bie>-Moleeular Microsystm~S with a high degree of multi-disciplinary integratlon. 

(U) The Blo FuruJeS progmm will suppon scientif.e study and eKperimcntntion, emphasizing biologic~! software, computation based on 
biological nuurinls, physic:al Interfaces between electronics and biology, and intemctive biology. [I will apply infonnalion technology Lo accelerate 
the analysis and synthesis of biological processes. The seamles:s lntegmtion of infonnation t.eehnology and biological processes will pro•ide the 
l!bilil}' 10 ~n CQ!!lpuwiQ<!!!I wni!OI !MI' biological and ~mi~ ~· The Bio F'Utun;s prog!Wil will a® support the developm~ of 
genomics-bascd platfonns for enhancing the capabilities of biological systems to manufacture, sense, or compute. Genomics-based pllllfonns will 
enable mtionAI medical drug discovery and broadspecuurn antibiotics discovcry for pathogens confronling the warfighter. 
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Initiate investigation of a biologist friendly cellular process simulation tool, including database definitions and user interface tools. 
Examine computational abilities of networks of cells and organized groups such as schools or swarms. 
Examine control methods of communication and regulation of activities in cells and organized groups of cells or organisms, such as 
colonies or mats. 
Develop preliminary miniaturized hardware designs for microchemical oligonucleotide manufacture, manipulation and amplification 
proof of principle brassboards. Initiate studies on error correction and optimal information encoding of microchemical 
oligonucleotides. 

• Simulation of Bio-Molecular Microsystems (SIMBIOSYS). ($14.000 Million) 
Engineer biological circuits and architectures that optimize compatibility and information transfer between biological and non­
biological materials to improve the interaction and integration of biological elements with synthetic materials in the context of 
m icrosystems. 
Develop methods to characterize interfaces that aJioy, one- and l"'<>""ay communications, smart control, longevity and stability. 

- Create instrumentation and tools that will improve experimental validation of models that explore biological systems at interfaces. 
Develop and validate phenomenological models for a range of signal transduction processes. 
Develop data and models on electrokinetic transport and surface tension driven flows in microsystems. 
Investigate novel hybrid macr()-molecular devices that form specific and controlled transducing functions at the molecular scale. 

• Bio Futures. ($8.619 Million) 
Demonstrate single molecular imaging in living cells. Demonstrate imaging of single molecular species in a living bacterial cell. 
Demonstrate the application of novel nano-devices to measure, manipulate and control cells, tissues. and biomolecules. 
Exploit nanoscale fluidic phenomena to achieve control of molecular level activity interrogation and control. 
Develop nanofluidic interfaces for selective transport ofmultt-scale bimolecules. 

• Biological Adaptation, Assembly and Manufacture. ($5.381 Million) 
IdentifY and optimize strategies for manipulating cell and tissue survival in response to exogenous stimuli including stressful 
conditi>ns. 
Examine pi uri potential and totipotential cells for principles of assembly, manufacture and long term survival. 
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- Release fir.il intcyatcd version of open source Bio-SPJCE (Simulation Program for Intra-Cell Evaluation) for use in biological 
experimentation 
Initiate developmenl of Bio-SPICE architecture lhat enables easy acc:e:-s to public genomic and protein interaction databases, and 
djsnibu(ed computing for cell simulation. 

- lnvdtlgatc methods for reduced order tel1 models and scalabilicy in cell process ·sim Jlnuoo. 
Demonstrate ability of individuaiiC~.:hnolo,gies 10 overcome curreru problems caused b) the inability of numeric algorithmic processes 
10 handle the growing comple:<il) of future C problems. 
Oe\'dop eapabilil)' lo 1.l!ilize C<Jrnpl~.:.-.;. biological systems for mtJitiple scqu('ntial linked events. Assess the possibility of designing a 
'digital human· model for a broad speclrum of applications. 
I n\-esdgatc parallel& betwo:n biological and non-biological signal processing via ad~o·:mced rnodeling and experimentation tools. 
Finalize miniaturized hardwure dc.signs for microchcmrcal oligonucleotide manufocwrt, manipulation, and amplification proof of 
principle brassboard:, and inhiatc dro:v~;:lopm.ent 

- Complete studies on error correctton and op(imal info.nna1ion encoding of microchemical oligonucleotides. 

• Simulation ofBio~Molxular Micro:s)stcms lSIMBJOSYS). lSI5.000 Mtllion) 
- Engineer lhdng cin:uits at matcnal interfaces that pcrlbnn pall~'fll [1!.(;0g01ltOn and infonnntton processing. 

Design waking devices that incorporate living components as sensors, actuators and computational devices. 
- E:'\plore the utility of tbing vinual repl\...~ntatioos ofbio!ogical systems to spec if} their engineering properties. 

Develop sc.aling laws. and phcnomeoologienl models tbr bio-molecular and fluidic 1!3J1sport. 
lmple~nt models for molecular binding. signaltl"llll.Sduction and bio-tlurdic t:mnspon into microfluidic system software. 

- ln'\"etigatc mt"thods to extract and integrntc se\·cral bio-molecular device:; on S) mhctic .su~trates to fonn larger scale systems. 

• Bio Ful.llreS. (:5~. 130 Million) 
- [)c., clop ne'" engin"-cring toob for d~igning and ~nhancmg biological regulatory circull.:l. 

De-t.dop f'unelional nanoflujdic !)Cnso~ tmed on cdls or c.dlu!ar components for high ~1tivity sensing. 
Demon.strn1e nano-scale fluidic systems tor the decoupling. quantification and tnm.sduction of rnult~scale biomolecular signatures. 

- Demonstrate enhancemem ofnallJrol metabolic capabilities via design-based approaches to genetic engineering. 
Demonstrate novel n.ano devices for measuring and regulating cell physiolog_v. 
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