
Sandia National Laboratories is a multiprogram engineering

and science laboratory operated by Sandia Corporation, a

Lockheed Martin Company, for the U.S. Department of

Energy’s National Nuclear Security Administration. We design

all non-nuclear components for the nation’s nuclear weapons,

perform a wide variety of energy research and development

projects, and work on assignments that respond to national

security threats—both military and economic.  

In the future, Sandia’s national security missions will

increasingly depend upon state-of-the-art capabilities in

biotechnology. Our biological and chemical detection and

security programs extend the nation’s capabilities via the

integration of the traditional engineering, information, and

physical sciences with molecular and structural biology,

biochemistry, and microbiology. We encourage and seek

partnerships with appropriate U.S. industry and government

groups to collaborate on emerging technologies that support

our mission (http://www.sandia.gov/partnerships). We seek

to partner with universities, government agencies, and

industry to further our biotechnology research for national

security needs, and to license our discoveries to industry for

commercialization. 

Contact: Mary Monson
(505) 844-3289

email: mamonso@sandia.gov
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Computational Science

Sandia is employing its world-class computing and
computational science capabilities on computational
biology problems. Such applications include computational
tools for analyzing and understanding data from 
high-throughput experimental methods (bioinformatics),
relating protein molecular structure to function (molecular
biophysics and chemistry), and modeling cellular behavior

as a whole (complex system modeling). Many of the
computational capabilities developed for Sandia’s historical
missions (e.g., parallel I/O, massively parallel computing
architectures, algorithms and enabling technologies,
molecular physics and chemistry, and complex system
modeling) have found immediate applicability to life 
science and computing for life science problems. Sandia
works with a wide variety of universities and nonprofit
institutions and are funded primarily through DOE and other
federal agencies.

Contact: Danny Rintoul
(505) 844-9592
email: mdrinto@sandia.gov

Modeling and Simulation  

Modeling and simulation will have a significant impact 

on advances in biotechnology and medicine. It can extend

from instrument and device design to modeling of complex

biological systems such as entire cells to gain

understanding of biomolecular processes to predict likely

behaviors of organisms under varying conditions.

Sandia offers a broad range of expertise and a variety of

modeling and simulation tools that can analyze complex

biological systems. For example, Sandia’s GOMA code, with

its capability to treat moving boundaries, capillary and

electrostatic forces, can simulate multi-species transport

within the human body. The MPSalsa code has been used

for micro-chem-lab design, analyte gaseous transport, and

other biomedical areas of interest.

Contact: Danny Rintoul
(505) 844-9592
email: mdrinto@sandia.gov

BIOINFORMATICS & COMPUTING

Snapshot of a molecular dynamics model where the selectivity of different
ions in an ion channel was studied.

Density plot of calcium ions in a Xenopus Laevis frog egg immediately 
after fertilization.
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Scientific Data Discovery 

The pattern recognition technique of "ensemble classifiers"

is generally recognized as the best means of applying

parallel processing to mining scientific data. Sandia is a

leader in applying this technique to scientific data, which

generally presents a unique combination of challenges. The

data we handle is huge, noisy, and the regions of interest in

the data are comparatively tiny; the problem is much like

looking for a needle in a wind-swept hayfield. 

As a result, the practical and analytical tools provided by

ensemble classification are essential. In our computational

modeling of molecular recognition, for instance, ensemble

classifiers improved our overall sensitivity and specificity,

allowed us to select the sensitivity specificity trade-offs we

wanted, and provided confidence intervals.

Contact: Philip Kegelmeyer 
(925) 294-3016 

email: wpk@sandia.gov

Computational Docking

Sandia has an active effort in computational docking

calculations.  These calculations simulate the interactions

of biological molecules at the atomistic level and provide

the fundamental basis for understanding important

biological processes such as how a protein binds to its

receptor, how an antibody interacts with an antigen, or how

a drug molecule interacts with its target protein. Docking

can further be used to predict which molecules will bind to

a target biological molecule. For example in the

pharmaceutical industry, docking calculations are used to

identify new potential drugs to bind (and block) a particular

target macromolecule. We are developing new docking

tools that take advantage of the massively parallel

computing capabilities at Sandia to add more realistic

physics to our calculations. Our current focus is in

biodefense, where we are applying these calculations to

identify small molecule ligands that bind and recognize

known biowarfare agents, and can be used in affinity-based

detection systems.

Contact: Diana Roe
(925) 294-4905

email: dcroe@sandia.gov

Small molecular (gray) bound to tetanus toxin (green), identified using
docking calculations.
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Screening Mammography 

Sandia has developed image analysis and pattern

recognition software tools to aid radiologists in screening

mammograms for cancer.  A clinical trial has demonstrated

that the software increases the odds of spotting certain

cancers without increasing the risk of unnecessary biopsy

or follow-up.  The pattern recognition algorithms are based

on the Sandia-invented concept of “dense feature maps,”

and are generally applicable to voluminous, noisy, and

highly correlated data.

Contact: Philip Kegelmeyer 

(925) 294-3016 

email: wpk@sandia.gov

Microvalves and Pumps

Sandia is a leader in novel techniques for pumping and

routing fluids on microfluidic chips.  Sandia's electrokinetic

pumps have no moving parts and can generate pressures

exceeding 9,000 pounds per square inch in microchannels.

These pressures have been used for high-pressure

chromatography or for actuating microscale devices.

Sandia's microvalve technology is uniquely able to rout

extraordinarily small fluid volumes in a wide variety of

microfluidic systems, including those with harsh solvents,

high pressures, and high electrokinetic fields. Taken

together, these technologies allow for sophisticated control

of fluid flow in an unparalleled variety of chemical analysis,

chemical synthesis, and fluidic microactuation systems.

Contact: Art Pontau

(925) 294-3159

email: aeponta@sandia.gov

Electrokinetic pump: voltages applied across porous matrices allow genera-
tion of extremely high pressures for microfluidic analysis or actuation.
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