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Problem
Biotechnology has advanced dramatically 
over the past two decades
This has two important implications:
– the barrier to entry for misusing the 

technology has been lowered
potential for constructing designer 
biological agents for use in asymmetric 
warfare or terrorist activities

– opportunities exist to leverage work in 
biological sciences to drive innovation 
in computer science and engineering



Background
BioSPICE: a simulation environment that 
enables the rapid exploration and analysis 
of intracellular processes
– computational modeling of well-conserved 

biological mechanisms
– creation of an infrastructure that brings to bear 

a wide range of genomic, proteomic, and 
molecular data

DNA Computing
– exploit biomolecules as engineering elements  

computation 
design of novel sensors 
self-assembly of physical nano-structures



Objectives
To identify new research in the biological 
sciences that will impact BioSPICE 
development
– genomic, proteomic, and cell biology research
– long oligonucleotide synthesis

To assess the BioSPICE architecture
– database interoperability
– modeling and simulation techniques

To identify new applications of biomolecules 
in the domains of computer science and 
engineering



Activities
MITRE is performing assessments on a 
number of key research areas

– cell-cycle regulation  
– stem cells
– immunology

Identifying areas appropriate for theoretical 
analysis and computational modeling

– emergence of systems biology
– quantitative and predictive models of cellular 

processes
Facilitating interactions with industry 
leaders and other government agencies



Highlight

Bacillus subtilis 
(anthrax 
simulant)

Mathematical 
models to predict 

responses

Model 
organism(s)

Data on proteins and 
gene networks 

involved in 
intracellular processes 

Figure  from Dr. John 
Tyson, Virginia Tech.

Figure  and circuit from Dr. Adam Arkin, UC Berkeley

Computational modeling of biological processes



Highlight

DNA used to perform 
computation

DNA self-assembles into 
a programmed physical 

structure 

Hybrid bio-nano 
devices: radio control 
of DNA and proteins

Figure  from Dr. Nadrian Seeman, New 
York University

Figure  from Dr. Joseph 
Jacobson, MIT Media LabsFigure  from Dr. Laura 

Landweber, Princeton 
University

Biomolecules as a computational substrate



Impacts

MITRE is supporting DARPA in the creation 
of BioSPICE: an infrastructure that will 
enable biology researchers to rapidly 
simulate intracellular processes

– quickly refine hypotheses about how a new 
biological agent or pathogen is acting

– design and test in silico alternative intervention 
strategy

MITRE has cultivated strong interest from 
industry leaders and other government 
agencies



Future Plans
                                   G-PROTEINS SHOW UNIQUE PATTERNS FOR THE VARIOUS BIOLOGICAL THREAT AGENTS

GENE Anthrax SEB Plague CT Brucella
Functio    T= 24 48 72 3 6 12 18 1 2 4 16 6 24
G PRO ADP-ribosyla tion fa -32.7 -8.7 -24.4 0.3 0.9 1.6 0.0 2.6 -17.9 0.0 1.9
G PRO guanine  binding pr 3.2 0.0 0.0 0.0 -1.3 -3.8 4.3
G PRO guanine  nucleotide 3.6 6.2 3.2 -1.3 0.0 0.0 -2.4 0.0
G PRO guanine  nucleotide 7.6 -1.1 1.5 1.3 1.5 2.9 17.5 3.4 2.0 6.7
G PRO guanine  nucleotide 0.0 -1.3 -2.8 0.3 0.3 0.0 0.0 0.0 -8.0 0.0
G PRO neuro epithe lioma  0.0 -2.6 -4.4
G PRO Ral A; GT P-binding 0.0 4.9 1.2 0.0 0.0 2.8 0.0 2.4
G PRO RalB GT P-binding 3.3 2.6 2.7 2.6 0.4 0.8 0.0 -12.4 0.0 0.0
G PRO ras-re la ted C3 botu 31.2 1.6 7.2 0.7 0.4 1.1 0.7 1.2 -2.6 0.0
G PRO ras-re la ted prote in 28.4 9.7 2.5 0.0 0.4 0.6 0.0 -1.3 0.0 -4.6 2.7 -1.6 0.0
G PRO ras-re la ted prote in 0.0 1.1 -3.5
G PRO ras-re la ted prote in 4.6 1.6 -1.2
G PRO ras-re la ted prote in 0.0 -1.8 -3.7 -5.0 0.0 0.0
G PRO ras-re la ted prote in R -1.6 -1.5 -4.6 1.1 1.9 0.0
G PRO ras-re la ted prote in 48.8 2.8 2.8 1.8 -1.6 0.0
G PRO transducin be ta  5 su 2.7 0.0 0.0 0.0
G PRO transforming prote i 0.0 -1.7 -11.1 0.7 0.9 0.7 0.0 3.1 0.0 0.0
G PRO vav oncogene 0.0 0.4 0.5 0.0
G PRO GT Pase-activa ting 0.0 4.4 0.0 0.0 0.6 0.7 0.0 -3.0 0.0 0.0
G PRO RalGDSB; GT P/GD 1.5 1.3 2.8 -4.7 0.0 0.0
G PRO ran GT Pase  activa 0.0 3.0 0.0
G PRO rho GDP dissocia tion -1.2 -1.3 -4.1 1.2 1.2 -2.8
G PRO G-Prot- 0.0 0.0 2.8 0.0
G PRO .Guanine  nucleotide  bi 0.6 0.1 0.3 0.5 -1.2 -21.6 -4.5 1.7 -2.1 0.0

Background figure from Dr. Marti Jett, Walter Reed Army Institute of Research; inset from Dr. Adam 
Arkin, UC Berkeley
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