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Biosciences play a key role in many 
National Security challenges
Homeland Security and 

Defense

• Pathogen Detection

• Decontamination

• Early Detection of 
Infectious Outbreak

Energy, Resources, 
and Nonproliferation

•Biofuels

•Water

•BW proliferation



Sandia develops detection, analysis, and 
diagnostic technology with dual use
• Environmental monitoring

– Facilities/infrastructure
– First responders

• Biomedical Surveillance
– Presymptomatic detection
– Early infection detection

Solutions to the most challenging biological 
analysis problems where failure to meet these 
challenges threatens our national security .

ImmunoassaysµChemlab

Biobriefcase

Unattended Water Analysis 
System

Herr et al 2007



Nanofluidic Chromatography 
for Biomolecule Detection

Rapid Fluorescence-Activated Cell 
Sorting using Photonic Forces in a 
Microfluidic device
T. Perroud, T. Lane, J. Kaiser, J Sy, A. Singh, and K. Patel

D. Huber, M. Bartsch, M. Markel, M. McCrink, S. Pennathur 
and K. Patel

Two on-going areas of research in 
bioanalysis for biosecurity at Sandia



Separation occurs due to a transverse 
electric field and nonuniform velocity profile

Nanochannel

U(y)

Slower 
moving 
species

Faster 
moving 
species

h~100 nm

λd~20 nm

Pennathur et al, Anal. Chem 2007

Microchannel

U(y)h~10 μm

λd~20 nm

Ions moving at same 
speed (m/z equal)

• Inherent properties of a nanoscale dimension
• Double layer interactions on the order of channel dimensions
• Steric Interactions
• Small dimensions enhances reaction kinetics

Develop a bioassay separation based on 
nanofluidic channels for bioagent detection

+ - -

DNA  (1bp, 10bp, 
25bp,50bp,100bp)

Fluorescein

Fluorescein DNA



Nanofluidic channels can separate species with 
same mobility but different charge in free-solution
• No gel or sieving matrix need to separate DNA 

• Integrate on-chip hybridization and separation of 
oligonucleotides (double stranded from single stranded)

ssDNA
ssDNA
+ probe

* 250 nm deep separation
channel



• Hybridization and separation of 22-mer 
oligonucleotide pair

• 250 nm nanochannel

• Residence time in Tee corresponds to 
hybridization time

ssDNA ssDNA
+ probe*

Separation of ssDNA from dsDNA in a nanofluidic 
device integrated with a hybridization tee
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• Single Nucleotide Polymorphism
– One base pair mismatch
– Very difficult to detect

Detection of single nucleotide polymorphism 
with on-chip hybridization and separation

ssDNA ssDNA
+ probe*
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Electrodes

• Distinct Advantages
•Control and optimize 
separations

•Minimize surface 
adsorption

•Switchable 
preconcentration

•Make microchannels 
behave look like 
nanochannels

Explore the coupling of 
transverse and axial 

applied electrical fields in a 
nanochannel

Dielectric 
Layer

Nanochannel

Actively control electrical double layer within a 
nanochannel to enhance bioseparations



1. Photomask

2.  Lithography

3.  Nano wet etch

4.  Deposit 
Amorphous SiO2

5. Low Dope SiO2

6. High Dope SiO2

7. Sputter Quartz

8. Align and bond

Electrode 
contacts

Nanochannel

• 18 step process requiring 4 mask patterns

Buried electrodes integrated with 
nanochannels



Rapid Fluorescence-activated Cell 
Sorting using Photonic Forces in a 
Microfluidic device

T. Perroud, T. Lane, J Sy, J. Kaiser, A. Singh, and K. Patel



Innate immunity is our first line of defense 
against microbial invasion. 

Subversion of innate immunity is a virulence 
strategy used by a number of pathogens. 

Molecular-level understanding is key to 
improvements in: Diagnostics Prophylaxis 
and Therapeutics

Significant impact in Biodefense and Infectious Disease research

Our overarching goal is elucidation 
of molecular mechanisms of
host-pathogen interaction

MISL—Microsystems Immune Studies Laboratory



Lipopolysaccharide (LPS) to TLR4 receptor - ligand binding initiates 
signaling pathway that leads to macrophage activation

Model host: Macrophage
Key sentry cells of innate immune system

Recognize, ingest, & kill microbes

Have key recognition molecules called TLRs that 
recognize pathogen associated molecular patterns

Activate neighboring cells, recruit them to site of 
infection

F. tularensis and Y. pestis virulence factors play direct roles in 
subverting TLR4-mediated signaling.

Toll-like receptors (TLRs) in macrophage recognize 
microbial pathogens



phosphorylation

expression

protein translocation

protein-protein 
interaction

TLR4 signaling pathway upon LPS recognition



Biological Goal
Elucidate TLR4 signaling pathway in the innate immune 

response of host cell to a pathogen

Variable to be measured
• Phosphorylation
• Protein translocation
• Protein concentration
• Protein-protein interaction

Host: Mouse Macrophage
Pathogen: Francisella tularensis, 
Yersinia Pestis
Reporters: Fluorescent antibodies, 
fluorescent fusion proteins

An integrated platform capable of quantitative and high-
throughput proteomic measurements at a single cell level

Cell Preparation 
Module 
(CPM)

Fluorescence 
activated cell 
sorter (FACS)

Protein analysis 
module
(PAM)

Single cell array
Module
(SCA)

Create a predictive model for TLR4 signaling pathway, 
generate hypotheses for specific variables to be measured
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Biological Goal
Elucidate TLR4 signaling pathway in the innate immune 

response of host cell to a pathogen

Variable to be measured
• Phosphorylation
• Protein translocation
• Protein concentration
• Protein-protein interaction

Host: Mouse Macrophage
Pathogen: Francisella tularensis, 
Yersinia Pestis
Reporters: Fluorescent antibodies, 
fluorescent fusion proteins

An integrated platform capable of quantitative and high-
throughput proteomic measurements at a single cell level

Cell Preparation 
Module 
(CPM)

Fluorescence 
activated cell 
sorter (FACS)

Protein analysis 
module
(PAM)

Single cell array
Module
(SCA)

Create a predictive model for TLR4 signaling pathway, 
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Our approach integrates biology, microsystems
platform & computational modeling



Cell sorting is central for connecting flow cytometry
output to downstream analysis modules

Cell Preparation 
Module 
(CPM)

Fluorescence 
activated cell 
sorter (FACS)

Protein analysis 
module
(PAM)

Single cell array
Module
(SCA)

High-throughput sorting requirements
• Selective for single-cell array module
• Rapid sorting mechanism (up to 50 cell/s)
• Simple chip fabrication
• High duty cycle and rare sorting capabilities



Photonic-force deflection

• Technique based on laser tweezers
• Adapted from Wang1 and McDonald2

• Use low NA objectives
• Use a high-power near-IR laser

Advantage for microfluidic systems

• Fast, selective, and easy to integrate on a chip
• Noninvasive: sterile, safe
• Location independent technique
• Potential for different sorting schemes 

Cell sorting technique for the platform is 
photonic-force deflection

Laser Tweezers
• Focused laser-beam to “trap” objects
• Trap strength ∝ refractive index,  

N.A., and laser power

1. Wang et al. Nat. Biotech, 2005 
2. McDonald et al. Nature, 2003 

http://physics.nyu.edu/grierlab/hot.html

1064nm

20x
objective



488 nm side scattering

red fluorescence
channel

green fluorescence
channel

Acousto-
optical

modulator
sort?

Hydrodynamic
focusing

Scattering and
LIF

Sort
NO

Raster
IR laser

YES

Binning



488 nm

Microscope

LIF - excitation path

PMT

side scattering

CCD
video / imaging

PMT

PM
T

LIF - emission path

1064 nm

AOM

optical tweezers

Function generatorFunction generator

OscilloscopeOscilloscope

Schematic of µFACS with optical deflection

Waste Collection

Laser off—no sort

Laser on— 100% sort

AOM trigger

Flow

Waste Collection

Slowed down 13X from 400 fps



Green
cells 

Red 
cells

40%-60% mixture

Collection channel Waste channel

FACScan benchmark Fluorescence microscopy

75 ± 10
93 ± 3

97 ± 3

Purity

24,84763 ± 914 cells/s10/90 (Rare-cell sort)
38,87760 ± 1022 cells/s40/60 (Medium-duty cycle)

21,69855 ± 516 cells/s90/10 (High-duty cycle)

Cells sortedRecoveryThroughputGreen cell / Red Cells

Optical deflection sorting performance

Both techniques 
confirm high purity



Functionality

• 9.6 Watts of 1064nm at sample
• Short 2-4 msec interaction time

Results confirm that the laser is valid technique to sort macrophage cells

ActivationViability/Proliferation

Live-dead stain asses short-
term viability,

MTT assay measures 
mitochondrial activity

ERK phosphorylation assay 
confirms IR laser does not 

activate macrophages

IR laser irradiated cells 
challenged with LPS show 

ERK phosphorylaton

Effect of the near-IR laser on macrophages



Enrichment of subpopulations of macrophages 
infected with the pathogen Francisella tularensis

FT inside
macrophage

3-D rendering from confocal images

6 hr

3 hr

1 hr

Flow Cytometry results 
confirms  FT infection
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