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MICROFLUIDIC DEVICES 

A. CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. provisional patent application Ser. No. 
60/609.970, filed Sep. 15, 2004, the disclosure of which is 
incorporated herein by reference in its entirety. 

B. STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

0002 Aspects of this invention were made with govern 
ment support under one or more of Project No. W911SR 
04-P-0047 awarded by the Department of Defense, Grant 
No. 5R01 HG003583-01 awarded by the NIH, Contract No. 
NBCHC050133 awarded by HSARPA, Order No. TTA-1- 
0014 (Agreement No. W81XWH-04-9-0012) awarded by 
HSARPA. The government has certain rights in this inven 
tion. 

C. BACKGROUND 

0003) A wide variety of microfluidic devices of disparate, 
and often incompatible, design have been developed over 
the past 10-20 years, often with the goal of reducing sample 
Volume requirements in bioanalytical methods. In the 
absence of standards controlling external dimensional form 
factors, the nature of the upstream and downstream external 
interface, and the length, cross-sectional geometry, and 
diameter of the internal microfluidic pathways, such microf 
luidic devices often prove incompatible with one another 
and with existing upstream purification and downstream 
analytical devices. 
0004. Despite advances in microfabrication, making pos 
sible analysis at microliter, even nanoliter or picoliter, scale, 
many biological and environmental samples are first 
acquired in Volumes far greater than, and incompatible with, 
the scale of existing microfluidic analytical devices. 
0005 There is thus a need in the art for modular microf 
luidic components that can be used as components of 
integrated fluidic systems, and that can interface microflu 
idic components having different external dimensional form 
factors, external interfaces, and/or internal fluidic geom 
etries, into effective fluidic communication, and that can 
interface preparative modules, or methods, that operate at 
larger scale with microfluidic preparative and/or analytical 
components. 

D. SUMMARY 

0006 The present invention solves these and other needs 
in the art. 

E BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The skilled artisan will understand that the draw 
ings, described below, are for illustration purposes only and 
are not intended to limit the scope of the present disclosure 
in any way. 

0008 FIG. 1 illustrates an embodiment of a sample 
capture and purification module (SCPM) and bioprocessor 
module (BPM) workflow. 
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0009 FIG. 2 illustrates an embodiment of a toxin assay 
workflow. 

0010 FIG. 3 illustrates an embodiment of a sample 
capture and purification module (SCPM) integrated with a 
bioprocessor module (BPM). 

0011 FIG. 4 illustrates an embodiment of an off-chip 
flow-through cartridge. 

0012 FIG. 5 illustrates an embodiment of a traveling 
wave flow through bead beater. 

0013 FIG. 6 illustrates an embodiment of flow through 
Sonication in which a probe is inserted directly into a 
collector effluent. 

0014 FIG. 7 illustrates an embodiment of a nucleic acid 
purification module. 

0015 FIG. 8 illustrates an embodiment of a nanobiopro 
cessor modular system that can be used for biodefense 
applications comprising an air sampler, sample concentra 
tion module, and a microfluidic sample amplification and 
analysis module. 

0016 FIG. 9 illustrates an embodiment of a MOVTM 
valve. 

0017 FIG. 10 illustrates an embodiment of a microfab 
ricated pump. 

0018 FIG. 11 illustrates an embodiment of a microfab 
ricated router. 

0019 FIG. 12 illustrates an embodiment in cross-section 
of three dimension connection service channel Supplying 
sample cleanup matrix. 

0020 FIG. 13 illustrates an embodiment of a fluidic 
circuit for adding one or more reactants to a reaction 
chamber. 

0021 FIG. 14 illustrates an embodiment of a cycle 
sequencing module (CSM) repeat unit. 

0022 FIG. 15 illustrates an embodiment of a single 
bioprocessor unit. 

0023 FIG. 16 illustrates an embodiment of a microchip 
cartridge using externally actuated MOV valves and pumps. 

0024 FIG. 17 illustrates an embodiment of a 12 unit 
bioprocessor cartridge. 

0025 FIG. 18 illustrates an embodiment of a nonbiopro 
cessor unit and microchip layout. 

0026 FIG. 19 illustrates microchip embodiment MBI-11. 
Panel A shows the mask design which shows the fluidic layer 
in blue and the actuation layer in red. Panel B shows the 
Sub-assembly which has two each input and output reser 
voirs, a reaction chamber and an archive chamber, and a 
three-way router. The eight pneumatic control lines for the 
valves terminate in a standard connector to the pneumatics. 
Panel C shows an etched microfluidic wafer. Panel D shows 
an assembled MBI-11 three layer microchip with a lab 
marking pen shown for Scale. 

0027 FIG. 20 illustrates microchip embodiment MBI-12 
with nanofluidic structures for microcapillary electrophore 
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sis (LCAE) integrated with sample preparation. Fluidic 
channels are shown in blue and MOV actuation channels in 
red. 

0028 FIG. 21 illustrates an embodiment of a dual paired 
end read affinity capture sample cleanup with dual analysis 
channels. The dark layer is microfluidic, gray lines are the 
service layer. Valve actuation layer is not shown. The light 
dashed box defines the DNA Analysis repeat unit. 
0029 FIG. 22 illustrates an embodiments of integrated 
sample, preparation, cleanup, and analysis MINDS micro 
chip repeat unit. 
0030 FIG. 23 illustrates an embodiment of a 16-channel 
200 n cycle sequencing module microchip. 
0031 FIG. 24 illustrates an embodiment of a microbead 
feed integrated sample, preparation, cleanup, and analysis 
MINDS microchip repeat unit. A 25 n sample preparation 
chamber is shown with two affinity capture and separation 
channels. 

0032 FIG. 25 illustrates an embodiment of a microchip 
that is designed as a disposable cartridge which includes 
on-board reagents, the nucleic acid purification, and the 
toxin module. 

0033 FIG. 26 illustrates an embodiment of instrument 
control of a microchip interface device. 
0034 FIG. 27 illustrates an embodiment of a microchip 
vacuum chuck with tubing mounted in a MiniPrep instru 
ment. 

0035 FIG. 28 illustrates an embodiment of associated 
hardware to operate a bioprocessor microchip inside a 
MiniPrep instrument. 
0036 FIG. 29 illustrates an embodiment of a RT-PCR 
chamber with increased pathlength. 
0037 FIG. 30 illustrates an embodiment of a rotary 
SCa. 

0038 FIG.31 illustrates an embodiment of a mask design 
for bioprocessor module that can be used for nucleic acid 
analysis (RT-PCR and LLCAE). 
0039 FIG. 32 illustrates an embodiment of a wafer scale 
design for a bioprocessor microchip with 48 units on a 6" 
wafer, each with RT-PCR and LCAE capabilities. 
0040 FIG.33 illustrates an embodiment of a multiplexed 
bioprocessor circuit. MOV routers split samples to three 
multiplexed RT-PCR reactions, create forensics and retest 
samples, and can select samples for LCAE confirmation. 
0041 FIG. 34 illustrates modeling 12" wafers with 8" 
wafers. 

0042 FIG. 35 shows capture of E. coli by beads over a 
range of concentrations. 
0.043 FIG. 36 shows the titration of monoclonal antibod 
ies coupled to DYNALTM beads in the immunocapture of E. 
coli. 

0044 FIG. 37 shows the affect of B. cereus on immuno 
capture of E. coli. 
004.5 FIG. 38 shows the recovery of E. coli by immu 
nocapture from spike air sampler liquid. 

Oct. 25, 2007 

0046 FIG. 39 shows the data set specifically for the 10" 
CFU/ml titer of FIG. 38. 

0047 FIG. 40 shows the results of concentrating high 
titered E. coli for various fractions of sample run through a 
100 mg bed of silica Extract-Clean SPE media. 
0048 FIG. 41 shows the percentage of total bacteria from 
high concentration E. coli samples present in various frac 
tions after run through a 100 mg bed of silica Extract-Clean 
SPE media. 

0049 FIG. 42 shows the recovery of B-galactosidase 
using silica beads (left) and Big Beads (rights). 
0050 FIG. 43 shows the recovery of E. coli using Big 
Beads. 

0051 FIG. 44 shows an embodiment of a direct injection 
scheme with sample cleanup directly injecting into separa 
tion channels. 

F. DETAILED DESCRIPTION 

0052. It is to be understood that both the foregoing 
general description, including the drawings, and the follow 
ing detailed description are exemplary and explanatory only 
and are not restrictive of this disclosure. In this disclosure, 
the use of the singular includes the plural unless specifically 
stated otherwise. Also, the use of 'or' means “and/or unless 
stated otherwise. Similarly, “comprise,”“comprises.”“com 
prising”“include.”includes,” and “including are not 
intended to be limiting. Terms such as "element' or “com 
ponent' encompass both elements and components compris 
ing one unit and elements or components that comprise more 
than one unit unless specifically stated otherwise. The sec 
tional headings used herein are for organizational purposes 
only and are not to be construed as limiting the Subject 
matter described. All references and portions of references 
cited, including but not limited to patents, patent applica 
tions, articles, books, and treatises are hereby expressly 
incorporated by reference in their entireties for all purposes. 
In the event that one or more of the incorporated references 
contradicts this disclosure, this disclosure controls. 
0053. The present disclosure provides integrated modular 
systems having complementary functionalities for the prepa 
ration and analysis of target analytes from various samples. 
The systems disclosed herein find use in the preparation and 
analysis of various target analytes, including but not limited 
to, molecules (e.g. toxins, pharmaceuticals), biomolecules 
(e.g., nucleic acids, polypeptides, lipids), cells (e.g., eukary 
otic and prokaryotic cells (e.g., Bacillus, Escherichia)), 
spores (e.g., B. anthracis), viruses (e.g., influenza, Small 
poX), and other materials, which can be selected at the 
discretion of the practitioner. In various exemplary embodi 
ments, sample preparation and analysis can be performed by 
one or more of the system modules, as described below. 
0054. In some embodiments, the systems disclosed 
herein comprise a front-end module for sample capture or 
purification (SCPM), which in typical embodiments is fur 
ther capable of introducing the captured and/or purified 
sample into a bioprocessor module (BPM), which can com 
prise one or microfluidic devices (e.g., micro-scale, nano 
scale, or pico-scale devices), for further preparation and/or 
analysis. Thus, disclosed herein are modular systems and 
methods of use for capturing, concentrating, or purifying 
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target analytes from samples and introducing the target 
analytes thereafter into one or more microfluidic devices. In 
some embodiments, microfluidic devices can feed to off 
chip platforms. 

0055. In various exemplary embodiments, the SCPM can 
capture, purify, or concentrate target analytes by various 
methods, such as by lysis, emulsification, Sonication, cen 
trifugation, chromatography, Solid Phase Extraction (SPE), 
immunocapture (e.g., immunomagnetic separations (IMS)), 
bead-based capture, and combinations thereof. In some 
embodiments, the SCPM can reduce macroscale sample 
Solutions to microscale Volumes, for example by concen 
trating milliliters to microliters or smaller volumes for 
introduction into one or more microfluidic devices. These 
SCPM embodiments are capable of acting as modular scale 
interfaces, permitting microscale and/or nanoscale devices 
to be integrated into fluidic systems that comprise opera 
tional modules that operate at larger scale. These SCPM 
embodiments usefully permit modules having different 
dimensional form factors to be integrated into a fluidically 
communicating system. In some embodiments, the SCPM 
can purify a sample by removing one or more agents that 
may be present in crude samples, and that act as inhibitors 
of downstream processing or analysis. By capturing, puri 
fying, or concentrating target analytes in Samples, a SCPM 
can increase sensitivity of the systems disclosed herein in 
comparison to conventional methodologies. 

0056 A BPM typically comprises one or more microf 
luidic devices. “Microfluidic device' as used herein refers to 
a device Suitable for manipulating, storing, processing, or 
analyzing Sub-milliliter quantities of fluid, such as microliter 
(LL), nanoliter (n), and/or picoliter (pL) volumes. In vari 
ous exemplary embodiments, a microfluidic device can 
comprise one or more microchips (e.g., micro-scale, nano 
scale, pico-scale devices), capillaries, and combinations 
thereof. The microchips disclosed herein can be manufac 
tured by microfabrication techniques known in the art and 
can comprise valves, pumps, chambers, channels, reservoirs 
etc. and can be suitable for processing or analyzing one or 
more target analytes. In various exemplary embodiments, a 
microfluidic device can be a microchip-based cartridge, and 
can be non-replaceable/reusable or disposable. The micro 
chips disclosed herein can have any shape or dimension. For 
example, a microchip can be a circular cartridge with one or 
more radial sample preparation or analysis units and can be 
used with an instrument that operates the microchip. In some 
embodiments, a microfluidic device can be automated. For 
example, microchips can be stored in a “CD changer and 
automatically inserted, manipulated to perform one or more 
functions, and stored as needed by a programmable instru 
ment. Thus, an instrument can provide microchip handling, 
external pneumatics, temperature control, reagent solutions 
and the like to operate one or more microchips either 
simultaneously or sequentially. 

0057. In some embodiments, the SCPM is capable of 
introducing Suspensions, colloids (e.g., emulsions), or cap 
ture-beads, which can comprise one or more attached target 
analytes, into a BPM, and in various such embodiments, into 
one or more microfluidic devices of the BPM. In such 
embodiments, the one or more microfluidic devices of the 
BPM is suited for movement of one or more such solids, 
Such as beads, through the device's microfluidic pathways 
without clogging. 
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0.058. The passage of beads or other solids from SCPM 
into BPM can serve to effect a downscaling of analyte 
containing sample Volume, thus interfacing a macroscale 
module to a microscale device. Such SCPM and BPM 
embodiments are thus capable of modularly interfacing 
devices of different scale and/or dimensional form factor, 
permitting microscale and/or nanoscale devices to be inte 
grated into fluidic systems that comprise operational mod 
ules that operate at larger scale. 
0059. In various exemplary embodiments suitable for 
bead-based microfluidic device processing, beads can be 
reversibly immobilized at various points of the microfluidic 
passage or circuit by a weir or other physical impediment 
interposed within the fluidic circuit, by magnetic fields, by 
affinity capture of the bead, by electrical capture or other 
mechanisms. In various embodiments, beads can be moved 
through the fluidic passages or circuit, and can be subjected 
physical or chemical processing. Analytes that are adherent, 
or affixed, or adsorbed, or absorbed or otherwise attached to 
the beads can be subsequently moved into a downstream 
reaction chamber for further on-chip (that is, within microf 
luidic device) processing or analysis. In some embodiments, 
material. Such as target analytes, can be eluted off the beads 
as desired. In some embodiments, series of beads with 
different affinities can be linked into more complex biomo 
lecular processes with high specificity and sensitivity, e.g., 
one step can bind cells onto beads, the next can immobilize 
specific DNA sequences onto beads for cleanup prior to 
reaction, and a third bead can be used to bind reaction 
products for purification before introduction into a mass 
spectrometer and the like. In some embodiments, gels with 
affinity capture reagents also can be used at various steps 
selected at the discretion of the skilled artisan. 

0060. In some embodiments, a BPM can be used as a 
stand-alone sample preparation system. Therefore, in vari 
ous exemplary embodiments, a BPM can connect to various 
upstream sample collection devices (e.g., an aerosol Sam 
pler) or feed downstream analytical platforms or method 
ologies (e.g., mass spectroscopy (MS), nuclear magnetic 
resonance (NMR), capillary array electrophoresis (CAE), 
reverse transcription-PCR (RT-PCR), single molecule detec 
tion systems, etc.). However, in some embodiments, one or 
more analytical methodologies can be performed on a 
microchip in a channel, reservoir, reaction chamber, etc. or 
combinations thereof. 

0061 The systems disclosed herein have widespread 
applications in biodefense monitoring, infectious diseases 
diagnostics, forensics, genomics, proteomics and other 
fields. For biodefense, the technology provides compact 
units that may be deployed in the field to serve, for example, 
as pathogen monitoring devices for buildings, planes, or 
airports or used in laboratories to cope with Surges in testing 
demand. The systems can prepare and analyze sample from 
air, biological fluids, agricultural products, or other sources 
to detect target pathogens. The combination of low consum 
able costs with automated preparation and analysis have a 
significant impact on molecular diagnostics. For clinical 
diagnostics, the technology can be adapted to produce PCR 
diagnostic instrumentation using disposable devices that are 
seamlessly integrated to configure additional analyses as 
desired. The systems disclosed herein also can be applied to 
pharmacogenetics, human medical genetics, biomedical 
research, animal and plant typing, and human identification. 
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0062) Additional applications of the disclosed systems 
include molecular diagnostics, such as detecting microor 
ganisms, genotyping organisms, sequencing, and forensics: 
creating sample preparation and analysis platforms for vari 
ous methodologies, such as RT-PCR, resequencing, and 
protein analysis; creating sample preparation stations for 
most analytical platforms, such as mass spectrometry, cap 
illary array electrophoresis, differential display, and single 
molecule detection; and for biodefense applications. 

0063. The systems disclosed herein can be automated in 
whole or in part, for example by the use of robotics, and can 
be scaleable from hand-held devices to field monitors to 
laboratory instrumentation. 
1. Concentration of Target Analytes 
0064. In some embodiments, target analytes in a sample 
can be concentrated prior to introduction into a microfluidic 
device for further processing or analysis. In some embodi 
ments, one or more target analytes can be concentrated using 
one or more off-chip flow through devices that can hold 
macroscale Volumes (e.g., milliliter to liter Volumes) and 
concentrate one or more target analytes onto a small Surface 
(e.g., a microbead). In some embodiments, one or more 
target analytes can be concentrated using an on-chip 
flow through device that can be fed by an off-chip reservoir 
holding macroscale Volumes. In some embodiments, on- and 
off-chip devices can be used in combination. In some 
embodiments, captured target analytes can be selectively 
eluted into a volume suitable for downstream processing or 
analysis. As shown in FIG. 1, an SCPM 1 can comprise 
modules for immunocapture 2, lysis 3, nucleic acid purifi 
cation 4, and can be integrated with a nanobioprocessor 5. In 
Some embodiments, a molecule, such as a toxin can be 
immunocaptured and fed directly to a nanobioprocessor 5 
(FIG. 2). 
0065. Materials suitable for capturing target analytes 
onto a Surface include various types of extraction matrix 
materials that can be comprised of beads, monoliths, modi 
fied polymers, and the like. In some embodiments, extrac 
tion matrix materials can comprise various attached func 
tional groups (e.g., C. Cls, carboxy, and amino groups). 
mixed beds of various beads or chemistries, or affinity 
capture moieties (e.g., antibodies, lectins, haptens, ligands 
(e.g., biotin), receptors, nucleic acids, etc.). In some embodi 
ments, nucleic acids can be captured using carboxylated 
beads, such as SPRI or unmodified silica beads, and eluted 
into a Suitable Volume of a polar solvent, such as water. In 
Some embodiments, a nanoscale capture method can be used 
that employs silica capillaries in which chaotrops, such as 
thiocyanate, force nucleic acids onto the capillary Surfaces 
and after washing, concentrated and purified nucleic acids 
can be eluted into a buffer for further processing or analysis 
(see U.S. Pat. No. 6,489,112). Other methods of solid phase 
capture of various target analytes are described, for example, 
in Weimer et al. 2001 Appl. Environ. Microbiology, 67: 1300 
1307. 

a) Off-Chip Flowthrough Device 

0066. In some embodiments, target analytes can be con 
centrated using an off-chip flow through device 130 that 
channels macroscale sample Volumes through a concentra 
tion matrix 140 (FIG. 4). In some embodiments, the con 
centration matrix retains the target analytes while the bulk 

Oct. 25, 2007 

Solution and interfering compounds pass through the device. 
In some embodiments, interfering or unwanted compounds 
are retained on the matrix 140 and the target analytes pass 
through the device. Depending on the sample form (Surface, 
water, soil, aerosol, biomaterials) coarse filtration (ca. 20 
um) may serve to remove bulk contaminants and particu 
lates. In some embodiments, an off-chip flow through device 
can include a fritted opening 150 in the bottom with matrix 
loaded therein and can include a bore (s 1 mm) port for 
elution (FIG.4). The concentration matrix can use non 
affinity media or affinity capture media, as described herein. 
An example of an off-chip flow through device integrated 
with a BPM microfluidic device is illustrated in FIG. 3 

i) Non-Affinity Capture 

0067. “Non-affinity capture' as used herein refers to the 
non-specific capture of a target analyte on a medium by 
hydrophobic, hydrophilic, or ionic interactions. 
0068. In some embodiments, non-affinity capture of tar 
get analytes can employ the Extract-CleanTM Solid Phase 
Extraction (SPE) Kit (Alltech) which includes 1.5 mL (or 4 
mL) columns pre-packed with an assortment of SPE media 
with 20 um polyethylene frits. The media can either capture 
the target analytes for future elution or can allow the target 
analytes to pass through while undesired material is retained 
on the media. For example, cells, virus, or proteins in cell 
lysates at ranges from about 1 to 10 CFU/mL, about 10 to 
10 PFU/mL, and 0.1 to 10° ng/mL, respectively can be 
applied to the media. The sample can be loaded manually or 
via robotics and flow through the media with vacuum applied 
as needed. In some embodiments, the target analytes are 
bound to the packing material which can be washed and the 
target analytes can be concentrated by elution from the 
media. In various exemplary embodiments, a 3 mL Syringe 
barrel SPEC (ANSYS Technologies) with a silica microfiber 
disk to prevent channeling for flow properties and retention 
characteristics or Big Beads can be used. Standard or 
specialty chromatography media can also be used to provide 
concentration or purification of the desired material. For any 
selected media, the bed volume, different media formula 
tions, wash, and elution conditions can be optimized for 
maximum retention to enhance sensitivity by persons of 
ordinary skill in the art. 
0069 Various methodologies can be used to monitor 
sample flowthrough the device. Such as immunotagging and 
fluorescent detection using, for example, an Avalanche fluo 
rescent scanner (GE), capillary electrophoresis using, for 
example, the MegaBACE 1000 (GE), by growth assays for 
cells, or other methods well known to one skilled in the art. 
ii) Affinity Capture 

0070 "Affinity-capture' as used herein refers to the cap 
ture of target analytes using a medium comprising a mol 
ecule (e.g., antibody, ligand, receptor, lectin, hapten, 
epitope, oligonucleotide etc.) that is substantially specific for 
a target analyte. In some embodiments, magnetic beads 
modified with a monoclonal antibody to a surface epitope of 
target analyte (e.g., a cell, organism, spore, or toxin) can be 
added to a sample. In some embodiments, mixtures or sets 
of beads coated with antibodies to specific organisms, cell 
types, Subtypes, species, nucleic acids, proteins, etc. can be 
applied to a sample sequentially or in various combinations, 
selected at the discretion of the practitioner. The antibody 
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coated beads bind to the target analytes thereby capturing 
them from solution. The beads can be collected by a magnet 
and undesired contaminants and potential inhibitors can be 
removed by washing. 

0071. In various exemplary embodiments, the collected, 
washed beads can be resuspended for further processing 
either in a flow through device or another device or moved 
onto a microchip of a BPM. As described herein, for 
embodiments relating to biodefense applications, the col 
lected and washed beads can be resuspended in 10 uL of 
buffer and a small Sonication horn inserted. In some embodi 
ments, flow through Sonication using a device as described in 
FIG. 6 can be used. After sonication, the sonicated material 
can be passed through a filter and onto a BPM microfluidic 
device. 

b) On-Chip Flowthrough Device 

0072. In some embodiments, a BMP microfluidic device 
can be used to concentrate a target analyte. In some embodi 
ments, target analyte concentration on-chip can facilitate 
module integration, the use of microfabrication technology, 
and the ability to perform various methodologies, such as 
PCR, in the same chamber. In some embodiments, this may 
necessitate the use of relatively large diameter channels to 
yield appropriate flow rates. In some embodiments, 
immuno-affinity capture provides a rapid and specific 
method for concentrating and purifying pathogenic organ 
isms or viruses, proteins, or other target analytes from 
sample. For example, to concentrate target analytes, a bead 
based sample preparation can be adapted from batch process 
to an on-chip process. For example, antibody-coated beads 
can be placed into an integrated, microfabricated capture 
chamber using electrokinetic bead bed packing and weir 
bead trapping methodologies (Oleschuk et al. 2000. Ana 
lytical Chemistry 72:585-5909). 

0073. In some embodiments, carboxylated beads in 
packed beds in a flow through mode can be used in micro 
fabricated glass devices to post-process polynucleotides, 
Such as DNA sequencing mixtures. Glass chips with dams 
for trapping beads can be microfabricated from Borofloat 
glass. The dam gap between the top of the dam and the 
opposite channel can be designed for carboxylated beads or 
other types of beads such as silica beads, beads with affinity 
capture using antibodies, lectins, or nucleic acids, etc. The 
deep channels can be first etched with HF and then a second 
shallow etching can define the dam height to 0.5um or more 
depending upon the specific bead and application. In some 
embodiments, beads can be packed by pressure and removed 
by vacuum aspiration. In some embodiments, immuno 
functionalized or other magnetic beads may be introduced 
into a chamber without a weir. Upon application of a small 
magnetic field perpendicular to the plane of the chamber, the 
beads self-assemble into a quasi-regular series of Vertical 
posts with ~5-mm spacing (Doyle et al. 2002. Science 
295:2237). 

0074. In various exemplary embodiments, matrices such 
as chromatography media, gels with attached antibodies or 
other affinity capture material, gels with or without chemical 
modifications, Solid phase extraction media, monoliths, or 
other separation or binding matrices well known to one 
skilled in the art can be used. 
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2. Lysis Module 
0075. In some embodiments, target analytes can be dis 
rupted and lysed on-chip or off-chip. Non-limiting examples 
of target analytes that can be disrupted or lysed are (e.g., 
prokaryotic, eukaryotic, archaea), spores (e.g., bacterial 
(e.g., B. anthracis, Clostridium) or fungal (e.g., C. immitis)), 
organelles (e.g., mitochondria, nuclei, etc.), nucleic acids, 
chromosomes, plasmids, ribosomes, proteosomes, viruses 
(such as Smallpox, influenza, West Nile, polio, hepatitis, and 
retroviruses). In some embodiments, target analytes can be 
disrupted or lysed by Sonication. In some embodiments, 
target analytes captured onto beads can be Sonicated before 
introduction onto a microchip. 
0076 Ultrasonic disruption can be performed using a 
horn that is immersed into a solution comprising a crude 
target analyte Solution or target analytes that have been 
captured onto beads, concentrated, and purified. A Sonicator 
also can be a flow through Sonication device having a probe 
that can be inserted directly into a collector effluent (FIG. 6). 
The chamber also can be designed to contain or trap aerosols 
and can be automated as described herein. 

0077. In some embodiments, disruption or lysis can be 
achieved by bead beating. The beads can be the same or 
different from capture beads, described herein. In some 
embodiments, differential properties of the beads used for 
lysis and/or capture such as magnetic versus non-magnetic, 
different densities, etc. may be used to separate the various 
types of beads to simplify downstream processing or analy 
sis. In some embodiments, flow through, traveling-wave, 
bead-beating device 10 can be used (FIG. 5). For example, 
as shown in FIG. 5, rotating magnetic pole piece 20 creates 
a magnetic wave down flow through tube 30 as the pole piece 
is rotated. The rotation can be up to about 100 Hz and can 
produce Sufficient acceleration of beads through the adjacent 
tube to break spores and other types of target analytes 
flowing-through the tube. Beads in some embodiments have 
a plurality of shapes to facilitate lysis. 
0078. To assess disruption or lysis, the loss of viability vs. 
time can be used to determine desired power settings, 
exposure times, Volumes, and geometries; setting Such 
parameters is within the abilities of the skilled artisan. In 
Some embodiments, selected samples can be used to test 
release of DNA or RNA in TaqMan assays. Disruption can 
be optimized for spores and for shearing macromolecules to 
lower their viscosity and cross-sectional area without ren 
dering them unsuitable for downstream processing or analy 
sis. In some embodiments, lysates can be passed through 
filters having a pore size of at least about 10um, even at least 
about 20 um, 30 Jum, or even higher, to remove clumps that 
could clog the microchannels of a microfluidic device. 
0079. In some embodiments, the disrupted or lysed mate 
rial can be used as a feedstock for further purification, either 
on-chip or off-chip. For example, for assaying a nucleic acid, 
a purification step of nucleic acid hybridization onto a bead 
with selective oligonucleotides can purify the target 
sequence from the background. For a protein, capture onto 
a solid Surface Such as hydrophobic, carboxylated, or other 
chemistry can provide non-specific purification of a class of 
proteins, while affinity capture can provide enhanced speci 
ficity when needed. Similarly, multiple steps of purification 
can be performed, with a mix and match of on-chip and 
off-chip, and bead based and other matrices as required. 
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0080. In some embodiments, lysis can be performed after 
introduction into a microchip. In Such embodiments, the 
microchip receives the samples with cells to be lysed. 

3. Nucleic Acid Purification Module 

0081. In some embodiments, a system of the present 
invention can include a Nucleic Acid Purification Module 
(NAPM). The NAPM can be designed to accept a solution 
or samples in other physical forms, such as one or more 
beads, colloids, multiple-phase (nonhomogeneous or hetero 
geneous) solutions, or other compositions. In some embodi 
ments, the NAP can be designed to receive input from a lysis 
module. The volumes received by the NAPM can range 
from milliliters to sub-picoliter volumes. In some embodi 
ments, the NAP output can be delivered to a BPM microchip 
or other microfluidic device for further processing or analy 
sis. 

0082 Various chemistries can be adapted for use by a 
NAPM. In various exemplary embodiments, a NAPM can 
be designed to perform total nucleic acid purification by 
various methods, such as purification by Surface adsorption/ 
desorption using chaotrophs; selective nucleic acid purifi 
cation by, for example, electrophoretic capture on oligo 
nucleotide-containing gels; or selective nucleic acid 
purification by hybridization onto oligonucleotide-contain 
ing beads. An example of a NAPM is illustrated in FIG. 7. 

a) Total Nucleic Acid Purification 
0.083 Total nucleic acids in a sample can be purified 
using a non-specific capture method that employs chao 
tropes (chaotrophs) to force nucleic acids from Solution onto 
surfaces. For example, U.S. Pat. No. 6,489,112 describes a 
quantitative nanoscale “template capture' method using 
chaotrophs such as thiocyanate or guanidinium to force 
nucleic acids onto the Surface of silica capillaries. After 
washing, concentrated and purified nucleic acids can be 
eluted into buffer for nanoscale sample processing or analy 
sis, Such as cycle sequencing. This method also can be used 
to purify nucleic acids from lysates. 

0084. In some embodiments, the input sample can be 
mixed with a chaotroph in the presence of glass beads, or 
other appropriate surfaces, such as the walls of a channel. 
The chaotroph forces the nucleic acids out of solution, 
causing them to adsorb to the glass beads or other surfaces. 
The chaotroph also inactivates nucleases which can be 
present in a sample which Substantially inhibits nucleic acid 
degradation. After an incubation period, cell debris, dena 
tured proteins, and other components soluble in the chaotro 
phs can be removed by aspiration using, for example, a 
vacuum and discarded into a waste stream. The purified 
sample can be further washed to remove additional contami 
nants and the nucleic acids can be eluted into a buffer for 
recovery and introduction into a microchip or other fluidic 
system. 

0085. In some embodiments, conditions for nucleic acid 
purification include 5 M sodium thiocyanate, 95°C. for 90 
sec to denature, 30° C. for 5 min to bind to a surface (e.g., 
glass beads) and an 80% EtOH for 2 sec. In some embodi 
ments, nucleic acids can be purified onto modified beads, 
such as SPRI carboxylated beads, using several different 
chaotrophs and elution recovery chemistries. 
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b) Selective Nucleic Acid Purification 
0086. In some embodiments, target nucleic acids can be 
selectively purified using off-chip hybridization to oligo 
nucleotide capture sequences. 

0087. In some embodiments, samples can be moved by 
electrophoresis, hydrodynamic pressure, centrifugation, or 
other forces onto fixed or moveable matrices, comprised of 
unmodified beads, modified beads, replaceable affinity cap 
ture gels, monoliths, colloids, two phase solutions, and other 
materials. In various exemplary embodiments, a matrix may 
be unmodified and bind a target nucleic acid based upon the 
Surface properties of the material, a matrix can be modified 
to enhance or retard the binding of components of the 
sample, or a matrix can have attached oligonucleotide 
sequences complementary to target sequences, bound anti 
bodies, or other affinity capture materials. In some embodi 
ments, a biotin label on an oligonucleotide can be hybridized 
with the target DNA. A streptavidin moiety on a bead can be 
bound to the biotin to purify the desired target nucleic acid. 
0088 For example, a sample comprising a target nucleic 
acid may be applied to beads containing bound oligonucle 
otide sequences complementary to the target nucleic acid. 
The bound target nucleic acid can be washed in low ionic 
strength buffer to remove salts, contaminants, and mis 
paired fragments, and eluted by heat and Voltage in nanoliter 
Volumes. In some embodiments, affinity capture can be rapid 
(s 7 min) with a high efficiency (e.90% for cycle sequencing 
products). This approach can be scalable to off-chip con 
figurations. Output volumes can be varied from about 10 nL 
to about 1 mL depending on the physical configuration. 

0089. In some embodiments, the above-described com 
positions and methods can also be used to remove nucleic 
acids from Samples, which can be assayed for protein, lipid, 
carbohydrate or non-cognate nucleic acids. 

4. Introduction of Beads or Solutions into Microchips 
0090 Samples can be introduced into various microflu 
idic devices or other fluidic system directly or after process 
ing, for example, by capture and nucleic acid purification as 
described herein. In some embodiments, beads from an 
affinity capture step can be introduced into a microchip in a 
Small Volume, such as microliter or nanoliter Volumes. The 
beads can be pumped into a reservoir on the microchip. Such 
as with a syringe pump or pipetting device, and on-micro 
chip pumps can be used to move the beads into a portion of 
the microchip where the beads can be trapped or retained. 

0091. In some embodiments, single beads can be moved 
on the microchip for processing or analysis, Such as DNA 
sequencing, single molecule analysis, MS analysis of pro 
teins, including matrix-assisted laser desorption/ionization 
(MALDI) scanning and peptide fingerprinting. The single 
beads may be routed on-microchip to individual chambers 
by, for example, the application of flow cytometric tech 
niques. Alternatively, a single bead can be placed into a 
chamber by stochastic distributive processes in which, on 
average, only a single bead is predicted to arrive in a 
chamber. 

0092. In some embodiments, samples can be further 
processed in various types of fluidic systems, such as a batch 
mode, or a flow through system, or a combination thereof. 
The system can be based on microchips, capillary(s), tubing, 
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wells, or other vessels and microfluidic devices. The intro 
duced samples can be processed biochemically or chemi 
cally to separate components, tag components, or analyzed 
on-microchip, or prepared for downstream analysis. 

5. BPM 

0093. A BPM typically comprises one or more microf 
luidic devices that optionally can be operated by instrumen 
tation and programmable Software as described below. In 
Some embodiments, a microfluidic device can be a micro 
chip, nanochip, or picochip held in a cartridge that inputs 
samples from the SCPM, routs liquids between fluidic 
circuits and reaction chambers, adds reagents, and performs 
assays for various target analytes, such nucleic acids and 
toxins. In some embodiments, the various types of chips can 
process samples in individual bioprocessor modules using 
MOV valves, pumps, and routers as system control elements 
to thereby control reaction times and sequences. In some 
embodiments, the chips disclosed herein can be integrated 
with an SCPM. 

a) Micro-Robotic On-Chip Valve and Pump (MOVTM) Tech 
nology 

0094) MOV micro-valves, micro-pumps, and micro-rout 
ers combine two glass microfluidic layers with a deformable 
membrane layer, such as polydimethyl siloxane (PDMS), 
that opens and closes the valve, and a pneumatic layer to 
deform the membrane and actuate the valve. The fluidic 
channel etched in the top glass layer (FIG. 9) is discontinu 
ous and leads to vias that act as valve seats. PDMS mem 
brane 40 sits against the valve seat and normally closes the 
fluidic path between the two vias. On the opposite side of 
PDMS membrane 40, a pneumatic displacement chamber, 
formed by etching, is connected to a full-scale vacuum or 
pressure source. By controlling a miniaturized off-chip Sole 
noid, vacuum or pressure (approximately one-half atmo 
sphere) can be applied to PDMS membrane 40 to open 50 or 
close 60 the valve by simple deformation of the flexible 
membrane. 

0.095 Self-priming MOV pumps (FIG. 10) can be made 
by coordinating the operation of three valves 70, 80, 90, and 
can create flow in either direction. A variety of flow rates can 
be achieved by the timing of the actuation sequence, dia 
phragm size, altering channel widths, and other on-chip 
dimensions. Routers (FIG. 11) can similarly be formed from 
these valves and pumps. The routers can be formed using 
three or more valves each on a separate channel 110, 120 
connecting to central diaphragm valve 100. By actuating the 
proper combinations of valves, liquids from one of the 
channels can be drawn into the central diaphragm valve and 
expelled into a different channel to rout the liquid. Bus 
structures can also be created. 

0096) The MOV valves and pumps can be created at the 
same time in one manufacturing process using a single sheet 
of PDMS membrane, i.e., it costs the same to make 5 MOV 
pumps on a chip as it does to create 500. Thus, the disclosure 
herein provides methods to create complex micro-, nano-, 
and pico-fluidic circuits on chips, and allows the porting of 
virtually any reaction or assay onto a chip. In general, this 
technology can be at least Substantially insensitive to varia 
tions in Solution ionic strength and Surface contamination, 
and does not require applied electric fields. 
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b) Microfluidic Devices 
0097 FIG. 31 shows an example of single bioprocessor 
module that can be used for nucleic acid analysis. In this 
design, captured beads with bound purified nucleic acids 
from IMS and nucleic acid purification can be input into the 
lower channel 350. The on-chip MOV pumps 351 move the 
beads to a weir 352 where the nucleic acids can be released 
by the local application of heat and pumped into the LRT 
PCR chamber 353 as Real-Time PCR reagents and internal 
standards can be added from the reagent inputs. The valves 
Surrounding the chamber close for thermal cycling. 
0098 FIG. 32 shows an example of a 48-unit design for 
a 6" microchip using the design from FIG. 31. In some 
embodiments, 96 or more units can be placed radially on a 
6" chip. In some embodiments, 384 separation channels can 
be placed on an 8" chips. A 96-channel microchip can 
operate for about 30 days if the channels are reused only 
about 3 times. In some embodiments, 240 units can be 
placed radially on a 12" microchip depending on the require 
ments of the final specifications, the number of target 
analytes tested, and the degree of multiplexing. 
0099. In some embodiments, the various chips can com 
prise drilled via holes that form valve chambers as reaction 
chambers (FIG. 29) that can be used, for example, in 
RT-PCR. By using a 3 mm thick drilled wafer and a 300 um 
dia drill, a 212 nL chamber with a 3 mm detection pathlength 
down the long axis (rather than transverse to the channel) 
can be produced. In some embodiments, these chamber can 
have an excellent Surface-to-volume ratio. In some embodi 
ments, larger Volumes can have better Surface-to-volume 
ratios and longer pathlengths. In general, detection on a chip 
can be done transverse to the channel and has a pathlength 
equal to the channel depth, about 30 Lum; similarly, in 
capillary systems, pathlengths are about 50 to 200 um. The 
excellent volume-to-surface ratio and approximately 100 
fold longer pathlength benefit both the sample preparation 
biochemistry (by the higher volume-to-surface ratio) and the 
fluorescence detection respectively with this single design. 
The same detection design can be used to detect toxins. 
0100. In some embodiments, the various chips can split 
input samples into the appropriate number of reactions 
(dependent upon the degree of multiplexing achieved) using 
the MOV routers and adding reagents, such as PCR master 
mix containing internal standards. As shown in FIG. 33. 
samples for forensic archiving and retesting can be aliquoted 
using an input MOV router and then samples from any 
positive Real-Time PCR reactions can be selected for LCAE. 
FIG. 33 illustrates that in some embodiments a LLCAE 
channel is not needed for each bioprocessor unit or reaction. 
In some embodiments, two to four LCAE channels on a 
complete 6" microchip can be used since they can be used 
for confirmation and can be deeply nested to connect to tens 
of Real-Time PCR chambers and other types of assay 
chambers (e.g., toxin assay chambers). 
0101 FIG. 25 illustrates an example of a microchip for 
biodefense applications that is designed as a disposable 
cartridge and a platform that operates the microchip for 
sample preparation of pathogens. The chip comprises MOV 
valves, pumps, and reaction chambers, sample ports for the 
injection of reagents, and inlet and outlet ports for interfac 
ing with upstream concentration and downstream analysis 
modules. FIG. 17 illustrates a microchip using a circular 
substrate with 12 units of bioprocessors laid out radially. In 
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Some embodiments, one unit at a time can be used, and the 
microchip rotated between uses. Alternatively, embodiments 
with different geometries of substrates and different fluidic 
layouts can be used. 

0102) The bioprocessor module containing the fluidics, in 
this example on a microchip, can receive samples from the 
upstream SCPM, create aliquots for archiving and retesting, 
lyse samples on-chip, prepare and label samples, and output 
them to a detector for analysis. In this example, BPM 
comprises microchip cartridges that contain the fluidics and 
an instrument that operates the cartridges. The cartridges can 
be in a "CD" format and have 12 bioprocessor units per 
cartridge in sectors with each unit used for single samples or 
for multiple samples (FIG. 17). For example, the cartridge 
can process one sample and then be rotated to receive the 
next sample. The cartridges can be adapted to different 
sampling regimes and changed as needed. In some embodi 
ments, sets of cartridges can be stored in mini-carousels, 
analogous to a CD changer. The instrument can provide the 
mechanics to store, load reagents, run, and change cartridges 
and control the processes. 

0103) In some embodiments, a nano-bioprocessor car 
tridge designed to process samples using nanofluidics with 
on-cartridge MOV valves and pumps as control elements 
can be used. The MOV valves are normally closed, rugged, 
easily fabricated, can be operated in dense arrays, and have 
low dead volume. The valves can be made following the 
design of Grover et al. (2003), Sensors and Actuators 
B89:315-323, by combining glass layers with a polydim 
ethylsilane (PDMS) layer as a deformable membrane. 

0104. In some embodiments, self-priming pumps (FIG. 
10) can be made by combining three of the valves shown in 
FIG. 9. The central diaphragm valve can be larger than the 
flanking valves which function to control the direction of 
flow. In addition, the central valve can function as a reaction 
chamber or mixer: the PDMS can be deformed up to 2 mm, 
creating reaction chambers that can contain as much as 
hundreds of microliters or as few as tens of nanoliters 
(Grover et al. 2003. Sensors and Actuators B89:315-323). 
These chambers can expand and contract dynamically. 

0105. In the present disclosure, the MOV valves and 
pumps can be combined into processors to prepare and 
process micro- and nano-scale samples. 

0106. In the present disclosure, the size of the via hole 
can be varied to create a reaction chamber in the via hole. By 
combining variations in the width of the via hole and the 
thickness of the wafer(s) through which the via hole passes, 
a wide range of chambers can be fashioned. In addition to 
functioning as reaction chambers, the via holes can also be 
used to provide increased pathlengths for optical and other 
detection. For example, FIG. 29 shows a microchip 230 
where the via hole 231 is being used both to perform 
real-time PCR and as a detection cell. The detection can also 
be enhanced by using internally reflecting materials for the 
coating of the via hole or for the wafer substrate. 
6. Applications, Instrumentation, and Software 

0107. In some embodiments, a microchip can be held in 
a fixed position on a vacuum chuck. A microchip interface 
device can dock with the microchip to provide the external 
control elements including external pneumatics, thermal 
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cycling temperature control elements, temperature control, 
and reagent introduction lines. 

0.108 FIG. 16 shows an embodiment of a microchip 
cartridge designed using externally actuated MOV valves 
and pumps to control flows, with the larger central dia 
phragm valves also functioning as reaction chambers. The 
cartridge contains three main channels for bioprocessing 
160-162, a storage area 170, and reservoirs 180. One of 
these channels can be dedicated to processing for DNA 
based analysis and the second and third channel to process 
ing toxins and particles respectively by immunoassay analy 
sis. The layout shown in FIG. 16 is one of many possible 
layouts and is designed to interface with a downstream 
single molecule detector for biodefense applications. 

0.109. In some embodiments, the cartridge can function as 
follows. A 100 u, sample is delivered into an input reservoir 
190 on the cartridge by an off-chip sample concentrator after 
addition of internal controls. Seven unprocessed 10 uL 
aliquots are pumped by the router labeled “A”200 from the 
reservoir into on-cartridge storage chambers held at 4° C. 
Three of these aliquots are for retesting 180 and possible 
confirmation if analyzed samples test positive; the additional 
four aliquots 170 are for later retrieval and forensic analysis 
in the event that initial positive detection is confirmed by the 
retesting. All aliquots are be stored cooled on the cartridge 
by an external cooler such as the TEC Peltier cooler; 
stabilization reagents, if needed, may be stored dry in these 
reservoirs. After use of a cartridge, the used cartridges will 
be stored in a refrigerated mini-carousel. 
0110. The aliquots for immediate processing are then 
formed and processed. A 10 uL test aliquot is moved via 
router A 200 into bioprocessing channel 2161 to chamber D 
163 for immunolabeling for detection of toxins, as described 
below. A second 10 uL test aliquot is moved via router A120 
into bioprocessing channel 3160 to chamber E 164 for 
immunolabeling for detection of intact bacterial or viral 
particles, as described below. The input reservoir is then 
capped from above and the remaining sample Sonicated 
using an external Sonicator horn coupled through the bottom 
of the cartridge. The ultrasonic waves generated disrupt 
vegetative cells, spores, and viruses, and shear DNA to 
reduce the viscosity for improved hybridization kinetics and 
flow properties. The lysed sample is moved via router A 200 
into bioprocessing channel 1162 to chamber C 165 for 
hybridization with labeled probes for DNA analysis. 

0111. The bioprocessing of the three channels can occur 
simultaneously. A sample digestion step to degrade RNA, 
proteins, and lipids may be desirable to reduce the back 
ground of the sample for DNA-based single molecule detec 
tion and decrease the demands on the downstream detector. 
If this processing is performed (such as for single molecule 
detection), the DNA analysis sample can have a cocktail of 
RNAse, proteases, and lipases in buffer added to degrade 
non-DNA material. The addition can be by pumping the 
material from reservoir B into chamber C with the sample. 
If necessary, the sample and digestion reagents can be 
pumped back and forth between the adjacent chambers to 
mix. The aliquot in chamber C can be labeled for DNA 
analysis by hybridization with DNA probes from reservoir F. 
Hybridization or antibody probes can be stored cold in 
reagent cartridges and added to the cartridge using external 
pumps immediately before use of individual bioprocessor 
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units. The probes can be pumped into the chamber using the 
on-cartridge pumps to mix the reagents. Again samples and 
reagents can be pumped back and forth between the probe 
chamber and reaction chamber C to further mix, as needed. 
The fixture can contain heating elements beneath the cham 
bers. For hybridization, the flanking valves can be closed 
and the chamber heated to 95° C. to denature the DNA and 
then cooled to the hybridization optimum to hybridize the 
DNA probes to any targets present. These valves seal 
sufficiently to perform PCR in these chambers, therefore, 
evaporation can be substantially eliminated. 

0112 The above-described BPM can be applied to any 
PCR-based assays, such as individual or multiplexed PCR, 
variable number tandem repeats (VNTR), multi-locus 
VNTR analysis (MLVA), or other assays. The hybridization 
probes can be replaced with the appropriate PCR primers 
and the external heat Source cycled. The digestion step can 
be replaced by a restriction digestion to implement amplified 
fragment length polymorphism (AFLP). For toxin detection, 
the aliquot in chamber D can be mixed with antibody probes 
to toxin from reservoir G, while for particle detection the 
aliquot in chamber E can be mixed with antibody probes to 
microbial surface coats from reservoir H and the samples 
held at 37° C. 

0113 Following labeling, the bioprocessed samples can 
be pumped into three external reservoirs where they can be 
picked up by Suction for analysis by the detector. Alterna 
tively, capillary electrophoresis or optical detection can be 
performed on a modified version of the microchip. 

0114. If the detector only detects the internal controls, the 
cartridge can be rotated and the next bioprocessor unit 
prepared. If the samples test positive, the bioprocessor unit 
is not rotated, but instead flushed from the retest flush 
reservoir and fresh reagents loaded. The three samples in 
storage for retest can be pumped back via the router, one 
directly to chamber D for toxic detection, a second to 
chamber C for particle detection, and the third into the input 
reservoir for sonication and DNA analysis. The retest 
samples can be processed as above and output to the detector 
for confirmation as possible presumptive positive detection 
eVentS. 

0115 The instrumentation to operate the microchip can 
be contained in Microchip Interface Device which is the 
external instrumentation. The microchip can be developed 
with the microchip cartridge held on-top of a vacuum chuck 
and a microchip interface device that docks with the micro 
chip having pneumatics, heating and cooling, and Syringe 
pumps to move reagents into reservoirs. The computer 
controlled microchip interface device can control Solenoids 
to open and close external full scale valves that in turn 
control microchip valves and pumps to move samples on the 
microchip. 

0116. The microchip interface device can include a 
heater, such as a resistive heater like nichrome, a Peltier 
heater, an air-based heater, a infrared heater, or other 
embodiments well known to one skilled in the art and 
thermocouple or other temperature measurement device and 
associated control circuitry and software to control the 
temperature and heating and cooling rates of a region of the 
microchip. Cooling can be by radiant cooling, active cooling 
from a fan, cooling by a Peltier, cooling by water or other 
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methods well known to one skilled in the art. The tempera 
ture of the entire microchip can also be set by heating the 
vacuum chuck. 

0.117) Syringe pumps can be controlled to deliver 
reagents to reservoirs on the mounted microchip or pressur 
ized chambers containing reagents can have a valve that is 
opened to allow reagent to flow through a tube into a 
reservoir on the microchip. In some embodiments, gravity 
flow can be used. In some embodiments, electric forces to 
move reagents, and magnetic delivery of reagents attached 
to beads or particles is within the scope of the present 
disclosure. All of the above mentioned hardware and the 
NanoPrep software can be controlled using the Laboratory 
Rapid Automation Toolkit software or other software. 
0118. The Laboratory Rapid Automation Toolkit 
(LabRATTM) software platform 500 (FIG. 26) is an instru 
mentation software development kit to allow the rapid 
creation of robust, commercial grade Software platform to 
drive instrumentation and automate processes. LabRAT 
defines a set of communication and command protocols 
501-503 and has a standardized automation architecture and 
framework that is simpler, more flexible, and more efficient 
than anything commercially available. The LabRAT frame 
work is based on a core set of technologies that can span 
multiple operating systems, development languages, and 
communication media 504. 

0119) At the heart of the LabRAT automation architecture 
is an instrument communication and control interface pro 
tocol based upon XML-RPC (extensible markup language 
remote procedure calls), the core of SOAP (simple object 
access protocol) standards. XML-RPC is an excellent 
mechanism for inter-process communication: it is simple, 
fast, robust, has widely available implementations for nearly 
every current Software development system, operates over 
TCP/IP and HTTP and is easy to implement. XML-RPC 
operates as a very high level “meta-mechanism” and can tie 
disparate components together into a tightly ordered instru 
mentation system. In addition to the core communication 
and command protocols, a set of interfaces suitable for 
laboratory instrumentation have been defined and imple 
mented to exchange of “lab services' between components. 
0120 LabRAT or similar software has been adapted to 
control the microchip interface device. The existing LabRAT 
software provides the functionality for all layers once driv 
ers for the individual components are “wrapped.” The Nano 
Prep thermal cycler software to control localized thermal 
cycling is already incorporated into LabRAT. Pneumatic 
Solenoids, Syringe pumps, and other elements including 
detectors can also be controlled by LabRAT software. In 
addition, the interaction of different hardware components 
can be coordinated through LabRAT scripting commands. 
0.121. In some embodiments, three hardware devices can 
be controlled: 1) heating and thermal cycling, 2) on-chip 
valves and pumps (operated pneumatically), and 3) Syringe 
pumps to deliver reagents. The thermal cycling can be 
accomplished using nichrome heating coils located directly 
under reaction chambers and controlled by existing Nano 
Prep software and hardware. A MiniPrep Cartesian robot 
(Tecan) can be used to drive a “Smart I/O board (Tecan) to 
operate up to 32 titl output lines that control the mini-robotic 
valves and pumps on the microchip, and the full scale 
robotics used to load and unload samples on the microchip; 
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the LabRAT CAN interface can also operate a high precision 
Syringe pump to dispense fluid into the chip. 

0122 A Smart I/O board can drive Crydom solid state 
relay modules (one for each line, MODC-5 SSR Module, 
DigiKey # CC1226-ND and MS-4 4-Pos Mounting Board, 
DigiKey # CC1230-ND), which can in turn operate 24V DC 
solenoid valves (ARO, P251SS-024-0)). These valves are 
3-way, direct drive units with a common port and one each 
normally open and normally closed port (connected to 
vacuum and pressurized air lines respectively). The Sole 
noids will control 8 full-scale vacuum and pressure lines that 
will operate via 8 manifolds (M1-M8 on the microchip). The 
control Software can sequentially operate these Solenoids in 
Such a way as to create the pumping action that drives fluid 
within the channels on the chip. The robot control software 
can be in the form of an ASCII encoded script that is 
executed by the Express Script Engine (Tecan) in turn under 
control of LabRAT software. The existing LabRAT software 
provides complete functionality to operate an instrument 
using an advanced XML-RPC-based based framework. 
0123 The hardware to operate a microchip can be devel 
oped into a stand-alone instrument or combined with exist 
ing instruments. For example, a Tecan MiniPrep instrument 
can be used to pipette Solutions on and off-chip as needed 
and a Tecan Smart I/O card to control the hardware that in 
turn controls the MOV valves and pumps. 
0124 FIG. 27 shows an embodiment of a front view of a 
system using a MiniPrep robot with a microchip. In the 
foreground (right) of the stage, is the aluminum-alloy 
vacuum chucks. The chuck has a resistive heating element 
embedded in its “sandwich-type' structure that allows for 
global heating of the chip. The temperature controller is 
visible on the top of the leftmost black panel. From the left 
side of the chuck, the eight vacuum lines that drive the 
on-chip valves and pumps are connected via tubing to the 
vacuum manifold installed behind one of the Tecan panels 
(not visible in this photo). On the left side of the stage is a 
Syringe pump (with attached Syringe) to dispense “reservoir 
reagents onto the chip. 

0125 FIG. 28 shows the inside of the MiniPrep (after 
removing the rear panel) containing many of the installed 
components including the temperature controller, the eight 
24V DC solenoids, and the relay. The air pump and Smart 
I/O board are also mounted inside the MiniPrep, but are not 
visible. 

0126 The bioprocessor cartridges described herein can 
be designed to process the samples using microfluidic on 
cartridge valves and pumps as control elements. The car 
tridge can be designed to employ these externally actuated 
valves and pumps to control flows, with the larger central 
diaphragm valves also functioning as reaction chambers. 
FIG. 15 shows one of the 12 identical bioprocessor units 200 
on the cartridge. Each unit inputs a sample and prepares 
three bioprocessed output samples 201-203: 1) DNA analy 
sis with DNA hybridization labeling, 2) toxin analysis with 
immunolabeling, and 3) particle analysis with immunola 
beling. In addition, each unit can have areas for reagent 
addition 204, mixing and reaction 205, and archiving 
samples 206 for retest. 

0127. In some embodiments, a 1 mL sample can be 
delivered into an input reservoir 207 on the cartridge by an 
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air sampler after addition of internal controls. The input 
reservoir may have a coarse filter incorporated to remove 
“large particulates' that might obstruct the channels. An 
unprocessed 700 uLaliquot can be pumped into the chamber 
labeled “A”208 from the input reservoir into on-cartridge 
archive chamber 206 held at 4°C. The archive sample can 
be for 1) retesting and possible confirmation if any analyzed 
samples test positive and 2) later retrieval and forensics 
analysis in the event that initial positive detection is con 
firmed by the retesting. The archive sample can be stored 
cooled on the cartridge by an external cooler Such as the 
TEC Peltier cooler; stabilization reagents, if needed, may be 
stored dry in these reservoirs. After use of a cartridge, the 
used cartridges can be stored in a refrigerated mini-carousel. 

0128. In some embodiments, 3 aliquots for immediate 
processing for DNA, toxins, and particles can be formed and 
processed. A 100 uL test aliquot for toxin labeling can be 
first pumped into chamber A 208 and reagents for immu 
nolabeling and detection of toxins can be pumped in. The 
sample can be pumped back and forth to chamber B 209 if 
needed to mix the sample and reagents. The sample can be 
pumped into the output reservoir 201-203 for incubation and 
transfer to the detector. A second 100 uL test aliquot can be 
moved into chamber A208 for immunolabeling for detection 
of intact bacterial or viral particles. Antibody probes to 
microbial or viral Surface coats can be pumped into chamber 
A 208 and the samples can be held at 37°C. The antibody 
probes can be complex mixtures of antibodies that can be 
then discriminated in the detector. Following labeling, the 
bioprocessed particle sample can be pumped into the reser 
voir to be picked up by Suction into a capillary for analysis 
by the detector. 

0129. For DNA sample preparation, after processing the 
aliquots and samples for toxin and particle detection, the 
input reservoir can be capped from above and the remaining 
sample Sonicated using an external Sonicator horn coupled 
through the bottom of the cartridge. The ultrasonic waves 
generated disrupt vegetative cells, spores, and viruses, and 
shear DNA to reduce the viscosity for improved hybridiza 
tion kinetics and flow properties. The lysed sample can be 
moved into chamber A 208 for hybridization with labeled 
probes for DNA analysis from the reagent input 204. For 
hybridization, the fixture can contain heating elements 
beneath chamber A 208. The flanking valves can be closed 
and the chamber heated to 95° C. to denature the DNA and 
cooled to the optimum temperature to hybridize the DNA 
probes to any targets present. These valves seal Sufficiently 
to perform PCR in these chambers, therefore, evaporation 
can be substantially eliminated. 

0.130. A sample digestion step to degrade RNA, proteins, 
and lipids may be desirable to reduce the background of the 
sample for DNA-based detection and decrease the demands 
on the downstream detector. If this desirable, the DNA 
analysis sample can have a cocktail of RNAse, proteases, 
and lipases in buffer added from the reagent inputs 208 to 
degrade non-DNA material. The addition can be by pumping 
the material into chamber A 208 with the sample. If neces 
sary, the sample and digestion reagents can be pumped back 
and forth between the adjacent chambers A 208 and B 209 
to mix. In the event that digestion is desirable, the digested 
aliquot in chamber A 208 can be labeled for DNA analysis 
by hybridization with DNA probes as herein. 
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0131 Hybridization or antibody probes can be stored 
cold in reagent cartridges and added to the cartridge using 
external pumps immediately before use of individual bio 
processor units. The probes can be pumped into the chamber 
using the on-cartridge pumps to mix the reagents. Again 
samples and reagents can be pumped back and forth between 
chambers A and B to further mix if necessary. Future 
implementations may have reagents preloaded in the bio 
processor cartridges. 

0132) In some embodiments, if the detector only detects 
the added internal controls, the cartridge can be rotated and 
the next bioprocessor unit can be prepared. If the samples 
test positive, the bioprocessor unit is not rotated, but instead 
flushed with buffer from the reagent input. A 100 uL sample 
in storage can be pumped back into chamber A for retest 
starting with the process that tested positive. The retest 
samples can be processed as above and output to the detector 
for confirmation as possible presumptive positive detection 
events. LabRATTM software can be used to control the 
Syringe pumps, thermal cycling heating element for Cham 
ber A, and the full scale solenoids to actuate the on-chip 
valves. 

0.133 Chemistry for hybridization and antibody binding 
can be individually optimized in the cartridge based on the 
full volume or macroscale volume results. The concentration 
of reactants, reaction times, and temperature can be re 
optimized for the cartridge format and the impact of a range 
of input microorganisms tested in reconstruction experi 
ments using spiked air samples. Determining the storage 
conditions for reagents is within the abilities of the skilled 
artisan. All reagents can be stored at 4° C. in reagent 
cartridges; additional Stabilizers such as osmoprotectants 
(trehalose, glycine betaine) or other agents may be added to 
extend the shelf life. 

0134. In some embodiments, the strategy for mixing can 
be to place the two streams to be mixed in a channel with one 
stream on top of the other in the thin etched dimension. The 
short path between the streams enhances the mixing. An 
alternative mixing strategy can exploit the presence of 
beads, such as magnetic beads, in the reaction chamber or 
their addition to disrupt laminar flow by magnetically 
manipulating the beads. In some embodiments, this can 
force the target analytes in one stream to enter the “other 
stream, which can be used to initiate processing or analytical 
reactions. In some embodiments, weirs can be used to trap 
beads as needed. In some embodiments, the beads can be 
flushed out into waste after use. 

0135 Reagent stabilization can be a critical issue for 
various embodiments of the disclosed systems, e.g., field 
devices. Therefore, in Some embodiments, the reagent res 
ervoirs can be temperature controlled using Peltiers to cool 
to 4°C. In some embodiments, reagents can be stabilized 
with Ready-To-GoTM chemistries or other freeze-drying 
methods using osmoprotectants, such as trehalose or glycine 
betaine, and then rehydrated before use. The concept with 
rehydration can be daily or weekly aliquots of stabilized 
reagents in ampoules with breakable seals. Water or buffer 
can be pumped into the ampoules in the instrument to 
hydrate the stabilized reagents to provide daily or weekly 
working Stocks. The working stocks can be moved into the 
Syringe pumps or loaded directly in a bioprocessor depend 
ing on the stability. 
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a) Microbead INtegrated DNA Sequencing (MINDS) Sys 
tem. 

0.136. In some embodiments, MINDS system can prepare 
and analyze sequencing samples with ultra-low consumable 
costs using automated, unattended preparation and analysis 
of Sanger samples. The sequencing templates can be pre 
pared on beads starting from sheared chromosomal or BAC 
DNA in a bulk emulsion PCR reaction with each bead 
carrying DNA derived from a single DNA fragment. Fol 
lowing sorting to eliminate beads without fragments, indi 
vidual beads can be delivered to a low volume (e.g., 25 nL) 
cycle sequencing reaction chamber integrated on a 400 
channel microchip together with cleanup and LLCAE analy 
sis. In some embodiments, the bead can be trapped by a weir, 
cycle sequencing can be performed for both forward and 
reverse paired-end reads and the products electrophoresed 
into dual sample cleanup chambers, containing an affinity 
gel capture matrix for either the forward or reverse read. The 
affinity gel can be washed to remove ions and unincorpo 
rated nucleotides. The purified cycle sequencing fragments 
can be eluted from the affinity matrix by increasing the 
temperature, and then injected into a folded CE channel for 
electrophoretic analysis. This approach can drive reagent 
Volumes and costs down by orders-of-magnitude in part 
because it can perform sequencing at a scale close to the 
fundamental limits dictated by the number of molecules 
0.137 In some embodiments, an integrated MINDS sys 
tem can automate and miniaturize all processes for shotgun 
sequencing, directed sequencing, and resequencing. The 
MINDS System can create a microbead-based fluorescent 
DNALCAE sequencer with 100-fold, or more, lower oper 
ating costs that leverages the existing sequencing infrastruc 
ture. Each system can perform completely automated 
sequencing with unattended operation for up to one week 
with mini-robotic microfluidics replacing full-scale robotics. 
0.138. The MINDS System can be implemented in mod 
ules, which are then integrated. In some embodiments, a 200 
nL cycle sequencing microchip-based module can be used. 
A DNA Analysis Module based on an advanced, rotary LIF 
scanner is constructed as a platform module for the MINDS 
System with LCAE microchips that can clean up pair-end 
read samples with dual affinity capture chambers before 
injection into pairs of electrophoretic channels using the 
advanced matrices. These five-layer microchips can be oper 
ated by the MOV valves and pumps, with microfluidics 
'servicing.” The cycle sequencing module can be combined 
on-chip to produce a Core MINDS chip that integrates 100 
nL cycle sequencing, Sample cleanup, and separation. In 
some embodiments, a complete MINDS chip with 25 nL 
sample preparation can input a microbead library and output 
sequence information is enabled. 
b) Cycle Sequencing Module 
0.139. A microfluidic Cycle Sequencing Module (CSM) 
can be used as a stand-alone function and as a module in a 
microchip-based sample preparation for the MINDS Sys 
tem. The CSM can include: 1) a microchip that contains the 
sample preparation microfluidic with on-chip valves and 
pumps to control flows, and 2) an external interface to 
operate the microchip through the on-chip valves and 
pumps. The sample preparation CSM can be a 16-channel 
scale with 200 nL cycle sequencing volumes with off-chip 
analysis by capillaries (CAE) and microchips (LCAE). In 
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some embodiments, a microchip interface device (MID) 
with external fluidic interfaces, heating, and pneumatic 
actuation, can be scalable to 400 or more channels. 
0140. In some embodiments, a 16-channel 200 mL cycle 
sequencing sample preparation microchip device with on 
chip valves and pumps can be used. Two channels of a 
simplified microchip cartridge are shown schematically in 
FIG. 14. The reservoirs labeled “Input'260 and “Output'261 
are essentially holes in the upper layer of the microchip 262 
that can be connected to the microfluidic channels. The 
device can take input DNA samples (PCR, plasmid, or other 
templates) from microtiter plates, perform cycle sequencing 
at 200 nL volumes, and output fluorescently labeled cycle 
sequencing products into microtiter plates ready for sample 
cleanup and injection into CAE instruments or LCAE analy 
sis. The microchip can be operated by the microchip inter 
face device, which in turn will be driven by LabRATTM 
software. The CSM microchip interface device can provide 
the mechanics to 1) open and close on-chip valves, 2) 
operate on-chip pumps, 3) meter cycle sequencing reagents 
from storage onto the microchips, 4) control the heating and 
cooling to perform the cycle sequencing, and 5) regenerate 
the chip with buffer and wash solutions. The microchip and 
the MID can be mounted on the deck of a Tecan MiniPrep 
fluid handling robot that can perform fluidic transfers. 
0141. In some embodiments, a 200 n CSM microchip 
can be operated as follows. Samples can be loaded from 
microtiter plates into the wells of the Input 260 reservoirs by 
the Tecan MiniPrep robot. The MOV on-chip pumps 264 can 
move aliquots into the reaction chambers by controlling the 
pumping using external actuation of the vacuum/pressure 
lines that drive the on-chip pumps, as described in FIGS. 
9-10. The cycle sequencing mix 265 (CS Mix, FIG. 14) can 
be pumped by its on-chip pumps to dispense dye terminator 
cycle sequencing master mix into the reaction chamber 263. 
The MID, under computer control, seals the three valves 
Surrounding each reaction chamber 263 and thermal cycles 
the reaction mix. Upon completion, the 200 nL samples can 
be pumped by the on-cartridge pumps into the Output 
reservoirs 261 which will contain 5 uL of water. The diluted 
samples can be moved by the Tecan into 35 uL of alcohol in 
a microtiter plate for Subsequent off-chip post-processing 
and analysis. In some embodiments, the samples can be 
moved to dual affinity capture chambers for cleanup and 
analysis. The CSM cartridge can be flushed with buffer to 
remove residual DNA template, reloaded with new samples 
and the process begins again. Cycle sequencing can tolerate 
greater than 5% contamination with template from a previ 
ous reaction: therefore flushing the reaction chamber can 
regenerate the microchip. In some embodiments, each 
microchip can be reusable for hundreds of reactions. 
c) CSM Instrumentation. 
0142. Features of instrumentation to operate a CSM can 
include: 1) automated external actuation of on-chip mini 
robotics that control movement of liquids in the CSM 
microchip-based cartridge, 2) control of the external heating 
and cooling for the thermal cycling, 3) drive Syringe pumps 
to deliver cycle sequencing reagent to the chip and 4) control 
of a Tecan MiniPrep robot to move samples into the Input 
reservoir from microtiter plates and take prepared cycle 
sequencing samples from the microchip Output reservoir to 
microtiter plates. All four elements can be controlled 
through LabRAT software. 
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0143. The thermal cycling can use heating and cooling 
from external Sources to simplify microchip fabrication and 
reduce operating costs. Some embodiments use groups of 
resistive heating coils with cooling from a fan. In some 
embodiments, nichrome heaters placed on top of microchips 
with thermocouple sensors can be used and can have ramp 
times of over 30° C./sec. In some embodiments, heaters can 
be implemented at the 400 channel level, that are reproduc 
ible, and reliable without monitoring every channel. In some 
embodiments, an enclosure can be used for the cooling air 
to prevent it from altering the temperature of other parts of 
the microchip when the sample preparation and analysis are 
integrated. In some embodiments, a high-performance 
Peltier-effect heat pumps can be used in strips to rapidly 
cycle temperatures at the reaction chambers. These various 
methods can use the existing NanoPrep thermal cycler 
Software under LabRATTM control. 

0144. A syringe pump, kept chilled by a Peltier heat 
pump, can be used to deliver the cycle sequencing reagents 
to the CS reservoir channel on the microchip and the 
reservoir replenished as on-chip pumps dispense reagent. 
Similarly, water or buffer to regenerate the microchip can be 
delivered and controlled. In some embodiments, Syringe 
pumps can have 1 in full step size and can be controlled by 
LabRATM software. In some embodiments, a solution with a 
simple gravimetric flow to replenish the reservoirs is pos 
sible; a mini-valve under software control can regulate flow. 

0145. In some embodiments, the CSM can be imple 
mented on the deck of a Tecan MiniPrep. The Tecan can 
move the samples from a microtiter plate into the Input 
reservoir and pickup finished samples from the Output 
reservoir and move them into a microtiter plate. The Tecan 
has the capability to operate a single Syringe pump with the 
tip mounted on a robot with X-Y-Z motion under CAN 
control. As mentioned above, the LabRAT software can 
control CAN devices using the Microsoft WSH controller. 
Scripting to move the liquid to and from microtiter plates is 
straightforward. The use of Tecan instead of manual pipet 
ting permits the CSM to operate in a completely automated 
mode. 

0146 In some embodiments, CSM can include sampled 
cycle sequence on-chip and analyzed off-chip by both the 
MegaBACE CAE and a LLCAE microchip systems. Dye 
terminator sequencing reactions can be performed essen 
tially according to the manufacturer's specified protocols 
using DYEnamicTM ET Terminator Sequencing Kits (Amer 
sham). In some embodiments, reagents can be be cycled at 
95° C. for 25 s, 50° C. for 10 s, and 60° C. for 2 min for 30 
cycles. After thermal cycling, the samples can be moved into 
the microchip Output reservoirs and transferred into 40 uL 
of 80% ethanol at room temperature in a microtiter plate by 
air pressure. For ethanol post-processing, the samples can be 
centrifuged at about 2,800 RCF for 45 min and the alcohol 
removed by a brief inverted spin for 30s at 50 RCF. The 
samples can be resuspended in 10 uL of double distilled 
Water. 

0147 Controls can include full volume samples prepared 
in microtiter plates and 500 nL and 200 nL NanoPrep 
samples prepared in capillaries. The samples can be injected 
into a 96-capillary MegaBACE instrument using a 10 kV, 15 
S injection and separated using a 120 V/cm field strength. 
Four-color electropherograms can be processed using the 
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Sequence Analyzer base-calling software package with the 
Cimarron 3.12 basecaller (Amersham Biosciences) and the 
Phred base-calling and quality score generating application 
as described. All readlengths can be reported as the Phred20 
window, which is 99% accuracy. 
0148. The number of amplification cycles, reaction times, 
cycling profiles, and the concentration of different reactants, 
i.e., primers, polymerase, dNTPs, ddNTPs, etc, can be 
individually optimized as needed and is within the abilities 
of the skilled artisan. For example, the range of DNA 
concentrations tolerated can be determined and a matrix of 
the performance of a range of DNA-to-primer concentra 
tions measured. Initially, the samples can be purified PCR 
products. When the CSM is optimized for PCR products, a 
series of actual samples representative of both unchallenging 
and challenging sequences can be tested for both CAE and 
LCAE analysis and compared with full Volume sample 
preparation with CAE analysis results. The acceptance cri 
teria can be equivalent data quality, readlengths, and Success 
rates as compared to full Volume sample preparation results. 
Controls will include full volume reactions and NanoPrep 
(500 mL and 200 nL volumes) reactions. 
0149 Uniformity can be addressed both by heater and 
cooler design and by changes in the microchip layout. 
Surface interactions can be suppressed by additives Such as 
BSA or PVA. The surface chemistry of the reaction cham 
bers can be suppressed using either modified LPA, PEG, or 
other coatings. For glass, an alternate approach can be 
multipoint covalent attachment of the polymers such as 
polyethers and oxidized polysaccharides to many surface 
sites simultaneously, thus extending the lifetime of the 
Surface immobilization since many sites must be hydrolyzed 
to free the polymer. 
d) Integrated MINDS System 
0150. In some embodiments, a complete MINDS system 
can include three modules—a Bead Library Module, a Cycle 
Sequencing Module, and a DNA Analysis Module. In some 
embodiments, a complete MINDS system can analyze a 
bead-based library on a 400 channel MINDS microchip 
which integrates 25 n paired-read cycle sequencing, paired 
affinity capture cleanup, and LCAE separations on folded 
microchannels with hypertums. The MINDS System can be 
a completely automated system for shotgun sequencing or 
for resequencing, depending on the bead library construc 
tion. In some embodiments, the Cycle Sequencing Module 
and DNA Analysis Module can be integrated and prepared 
samples, such as PCR or purified plasmids, can be used as 
the input samples. In some embodiments, the PCR or other 
amplification can be performed on the microchip. 
0151. The DNA Analysis Module can include a rotary 
scanner (FIG. 30) and can perform paired-end read sample 
cleanup on microchips and then inject the samples into two 
separate LLCAE channels for separation and detection of the 
forward and reverse sequencing reactions. The detector can 
be a rotary LIF scanner with 488 nm excitation and four 
color detection. To create a Core MINDS System, a Cycle 
Sequencing Module can be integrated with the DNA Analy 
sis Module instrumentation. This core system can integrate 
100 mL cycle sequencing, paired affinity capture cleanup, 
and separation on the same microchip. Beads containing the 
PCR fragments that have been sorted by a FACS instrument 
can be delivered to the microchip and individual beads can 
be routed into 25 nL cycle sequencing chamber. 
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i) DNA Analysis Module 
0152 The DNA Analysis Module can perform sample 
cleanup of paired-end reads and LLCAE to separate and detect 
labeled DNA fragments from each paired-end read. The 
cycle sequencing can use primers in both the forward and 
reverse direction that each have a unique affinity capture 
sequence, inserted in the vector. Paired cycle sequencing 
samples, from full Volume, nano-scale preparation, or the 
CSM, can be loaded into reservoirs of an analysis microchip 
with a radial design. The samples can be electrokinetically 
moved into two sample cleanup chambers containing an 
affinity capture oligonucleotides for either the forward or 
reverse read. The cycle sequencing sample can be concen 
trated to a volume of approximately 20 n, while ions, 
unincorporated dyes, templates, nucleotides, and enzymes 
pass through into waste. The concentrated and cleaned 
sample can be released by raising the temperature and 
injected into a twin T injector for separation in a micro 
channel filled with separation matrix. The radial channels 
converge on a circular detection region where the micro 
channels can be scanned and detected. 

0153. The module hardware components include 1) a LIF 
rotary scanner which can accommodate a number of differ 
ent microchip sizes and designs, 2) microchips, 3) electro 
phoresis controls, 4) temperature control, and 5) microchip 
regeneration. The DNA Analysis Module can be part of a 
fully integrated and automated MINDS system. 
0154). Some embodiments create an extremely sensitive 
scanning system with as much as 10-fold improved detec 
tion performance compared to existing rotary scanners. A 
10-fold improvement can be obtained by extracting small 
(1.5 to 3-fold) multiplicative improvements in the scanner, 
microchip design, and dye chemistry. For the scanner, the 
best quality PMTs, dichroics, and mirrors can improve 
optical efficiency and can be coupled with a high power (200 
mW) compact laser with a high numerical aperature lens. 
The dye chemistry can be improved with brighter dyes 
employing a cyanine donor. The microchip can have very 
deep etching in the detection region to improve detection 
with extra path length and to improve the resolution by 
sharpening bands. A reflective Surface in the microchip 
sandwich and micro-optics can enhance light collection. 
Finally, the direct injection method, described below, can 
allow the complete cycle sequencing sample to be loaded 
into the separation channel. By carefully optimizing each 
element, the limit of detection can be significantly improved, 
compared to the current research versions, as the amount of 
labeled fragments needed for robust sequencing is decreased 
in parallel. 
0.155 Rotary scanner and instrumentation. In some 
embodiments, an up-looking, rotary confocal laser-induced 
fluorescence Scanner can be used to interrogate radial LLCAE 
devices. The rotary scanner includes a rotating objective 
head coupled to a four-color confocal detection unit. Rotary 
scanning has the fundamental advantage of providing high 
scan rates with high positional accuracy and speed unifor 
mity. Rotary scanning can be compatible with any radial 
wafer device 10-, 30-cm, or larger diameter wafers with as 
few as 1 to over 384 channels. Therefore, chip design can be 
tailored for various applications, e.g., long lanes for de novo 
sequencing and short lanes for resequencing. 
0156 A schematic of an example of a rotary scanner is 
presented in FIG. 30. A 200 mW, 488 nm laser (SapphireTM 



US 2007/0248958 A1 

OPSL, Coherent, Santa Clara) is reflected by a dichroic 
beamsplitter and mirrors through the hollow shaft of a 
stepper motor. At the top of the shaft, a rhomb prism 
displaces the beam 1 cm off the axis of rotation and a high 
numerical-aperture (>0.7) objective focuses it on the chan 
nels through the bottom layer of the microchip. Fluores 
cence is collected by the objective and passes back through 
the optical system where it is spectrally and spatially filtered 
before detection in a modular confocal four PMT unit with 
a Microstar IDSC board with 8 channels for DA. The stepper 
motor is run at 5 Hz which gives 5120 data points/revolution 
with a spatial resolution of 12 micron, about 8 data points 
across a typical 100 micron channel. A 5th channel is fed by 
a photodiode that is triggered by a slot in a disk that is 
attached to the Scanner shaft; the start of data acquisition in 
the other four channels is referenced to the voltage rise in the 
5th channel. This design is sensitive with detection limits of 
several pM of fluorescein at a scan rate of typically 5 Hz. In 
Some embodiments, the data can be pre-processed and 
analyzed with a commercial basecaller. 
0157. In some embodiments, the DNA Analysis Module 
instrument can also have a microchip interface device to 
control electrophoresis and microchip regeneration. The 
microchip can be held in place by a heated vacuum chuck 
after positioning with an alignment tool. In some embodi 
ments, the microchips can have ca. 600 run lifetimes. The 
chuck can have three points to adjust the elevation of the 
chip to keep the planar relative to the plane of the confocal 
detector. An electrode ring can match the reservoirs at the 
perimeter of the microchip; electrodes can be controlled by 
four high voltage power supplies (Stanford Research Sys 
tems, Model 3101). Microchip regeneration, described 
below, can be performed in place using a centrally located 
“umbilical cord to provide flushing of used matrix and 
refilling, while reservoir cleanout and replenishment can be 
from a tube-in-tube design with the inner tube removing out 
material while the outer tube flows buffer or other solutions. 

0158 Microchips and operation. In some embodiments, 
the microchips can incorporate affinity sample cleanup and 
separation channels in a four-layer device. Affinity capture 
cleanup with oligonucleotide capture sequence can be a 
robust solution for sample cleanup and concentration. In 
contrast to electrokinetic injection which can concentrate 
dilute samples on injection, without the concentration step 
on-chip, the Twin T injector performs a pre-separation as it 
loads and then performs a “heart-cut” injection, both of 
which work against detection of dilute samples. The inclu 
sion of affinity capture on the separation microchip can 
allow the 200 nL CSM samples to be diluted to microliter 
Volumes before loading because the affinity capture can 
re-concentrate dilute samples while removing unincorpo 
rated terminators, ions, and template. Therefore, the CSM 
and DNA Analysis Module can be designed separately and 
then integrated. 

0159. In some embodiments, a MINDS system can use 
12" wafers with radial designs 290 (FIG.34), hypertums and 
a central origin 291. In some embodiments, partial radial 
designs with 8" wafers 292 can be used that have the same 
channel densities and lengths as 12" designs that can have 
400 channels and separation lengths of up to 45 cm, 
(achieved by folding the channels) depending upon the 
application. The 8" wafer can have about 108 separation 
channels 293. 
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0160 FIG. 21 illustrates one embodiment of an 8" wafer. 
In various exemplary embodiments, this 8" wafer can have 
either straight 14 cm separation channels for short reads or 
folded channels up to about 45 cm for long reads. Samples 
can be pipetted into a single loading reservoir that connects 
to two affinity capture chambers that in turn each feed a 
separation channel. After the samples are loaded, an elec 
trode ring with electrodes can be lowered and each cycle 
sequencing sample electrophoresed onto two affinity capture 
sample cleanup chambers, each with matrix to capture and 
concentrate either the forward or reverse read while remov 
ing the undesired components of the cycle sequencing 
reaction mix. The forward or reverse read can be released by 
heating the chamber to >65° C. and electrophoresing each 
read separately into a twin T injector for analysis. Thus each 
loading reservoir serves two separation channels. After 
separation, the separation matrix can be replaced. Matrix can 
be pumped in through a central “umbilical cord' which 
contains tubing for matrix and flush Solutions as well as the 
electrical connection for the central common anode buffer 
reservoir. A number of geometries and designs can be used 
for the 400 channel MINDS microchip. The separations can 
be performed in many CAE matrices. 
0.161 In some embodiments, the microchip can be held 
on a vacuum chuck on a Peltier heater to control temperature 
for optimal separation conditions and for matrix manipula 
tion as needed. Following separations, buffer can be flushed 
through the umbilical cord to displace the used matrix. A 
manual tube-in-tube vacuum suction unit in the microchip 
interface device can remove the used buffer and matrix from 
the reservoirs. Fresh matrix can be added through the central 
chamber; matrix sensors may be incorporated to provide 
feedback to minimize matrix waste. In some embodiments, 
the replacement of matrix can be controlled with precision 
pumping which only replaces slightly more matrix than the 
column length. Either method can reduce matrix use by up 
to 10-fold. Buffer can be replenished into the reservoirs by 
the outer tube of the tube-in-tube while matrix is vacuumed 
by the inner tube. Affinity sample cleanup matrix can also be 
replaced as needed using service lines, as described herein. 
0162. In some embodiments, the microchips can last for 
600 runs with clean samples. Microchip performance can be 
monitored by the software and operators alerted by LabRAT 
by e-mail, paging, or on-screen display as performance 
degrades. The replacement of the microchip can be done 
manually by the operator. In some embodiments, removal of 
a used microchip can entail unplugging the umbilical cord, 
electrode ring and actuation bundle for the on-chip valves 
and pumps, before releasing the microchip. The installation 
of new microchips can be facilitated by an alignment tool to 
properly position the microchip. The alignment can be 
verified by the detection of alignment marks and focusing of 
the optics either manually with Software assistance or com 
pletely automated. 
0.163 Microchip Fabrication. In various exemplary 
embodiments, the microfabrication process can be as 
described by Liu et al. 2000. Proc. Natl. Acad. Sci. USA 
97(10):5369-5374 and Anderson et al. 2000. Nucleic Acids 
Res. 28:eo0. Generally, Borofloat glass wafers (Schott, Yon 
kers, N.Y.) can be pre-etched in concentrated HF, then an 
amorphous silicon mask deposited by CVD or Sputtering. In 
Some embodiments, chrome-gold can be used in place of the 
amorphous silicon. An adhesion layer of HMDS can be 
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coated on the top of the amorphous silicon, the wafer 
spin-coated with a thin layer of photoresist (Shipley, Santa 
Clara, Calif.), and soft-baked. The photoresist can be pat 
terned with UV light through a mask having the desired 
channel pattern. After the photoresist is developed, the 
exposed amorphous silicon can be removed and the channel 
pattern chemically etched into the glass with concentrated 
hydrofluoric acid, to depths of about 40 um for the channels 
on the fluidic wafer and about 70 um deep for the manifold 
wafers. However, determining the depths of the various 
components is within the abilities of the skilled artisan. The 
residual photoresist and amorphous silicon can be stripped 
off. Access holes, 250 um or smaller, can be drilled in 
Borofloat via wafers using a CNC-minimill with diamond 
drills. In some embodiments, smaller holes can be drilled 
with a custom laser. For production, ultrasonic drilling can 
drill all holes simultaneously. After a final cleaning in 
HSO/HO, the fluidic wafer and via wafers can be aligned 
so that the via holes are properly positioned with the channel 
gaps and thermally bonded at about 570° C. in a vacuum 
oven with a via wafer to produce a two layer LCAE chip. For 
5 layer microchips, the three glass wafers can be aligned and 
assembled first; two of the glass layers can be thin wafers. 
The manifold wafer and the 254 um thick PDMS membrane 
(Bisco Silicones, Elk Grove, Ill.) can be cleaned in a UV 
ozone cleaner and the four or five layer microchip 
assembled. The UV ozone treatment can produce an irre 
versible glass-PDMS bond. The finished microchips canl be 
diced to product the individual CSM microchips or used 
whole for MINDS microchips. 

0164. In some embodiments, microchips can be made in 
plastics and other materials using methods such as injection 
molding, hot embossing, lamination, and other well known 
methods to replicate a design. The application of these 
fabrication methods to make microchips are within the scope 
of the present disleosure. 

0165 Characterization of the DNA Analysis Module. In 
embodiments employing the rotary Scanner, the limits of 
detection can be measured with flowing dye solutions and 
the water Raman peak (from two peaks, 577.6 nm and 589.4 
nm) measured as an internal standard. The performance of 
the sample cleanup and separation microchip with the DNA 
Analysis Module can be characterized using standards of 
full volume PCR reactions followed by a dilution series of 
the standard PCR products. The parameters for sample 
cleanup (e.g., loading, wash, and elution conditions) and 
injection and separation (times, Voltages, separation tem 
perature, buffer concentrations, etc.) can be optimized using 
methods well known to one skilled in the art. Quality values, 
Success rates, and readlengths can be measured and com 
pared with test and real samples. In some embodiments, 
readlengths can be about 600 bases or more. In some 
embodiments, the regeneration of the affinity capture can be 
tested and the number of runs before performance degrada 
tion can be measured. The partial replacement of urea with 
DMSO in the separation matrix can decrease run times and 
produce long readlengths in capillaries. In some embodi 
ments, microchips can be run repeatedly with standard 
samples to determine microchip lifetime with the different 
matrices or coatings. For example, to shotgun sequence to 
8x a BAC library can take about 22 runs of a 100 channel 
DNA Analysis Module microchip. 
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ii) Integrated Cycle Sequencing Module with DNA Analysis 
Module 

0166 Combining the features of the CSM with the DNA 
Analysis Module can produce a Core MINDS System. The 
basic unit design of the CSM microchip described above and 
in FIG. 14 can be ported onto the 8" DNA Analysis Module 
microchip. This can create a microchip with 50 100-nl, cycle 
sequencing sample preparation chambers for paired-end 
reads integrated with 100 paired-end read affinity sample 
cleanup chambers and separations microchannels. The Ser 
vicing of the system can use microfluidics and mini-robotic 
on-chip functions to operate and regenerate the microchips. 
In embodiments comprising external automation to load 
samples, the Core MINDS System can produce 7 Mbases of 
high quality sequence per day at a substantially reduced cost 
in comparison to current methodologies. 
0167 Instrumentation. The base for the Core MINDS 
System instrumentation can be the DNA Analysis Module 
instrumentation. The Scanner can be used without modifi 
cation. The CSM microchip interface device described 
above can be adapted directly with minimal alterations to 1) 
automate the external actuation of the on-chip mini-robotics 
that control movement of liquids in the CSM microchip 
based cartridge, 2) control the external heating and cooling 
for thermal cycling, and 3) drive Syringe pumps to deliver 
cycle sequencing reagent to the chip. In some embodiments, 
the Tecan robot is not be needed. For 1), external actuation 
of on-chip valves, no equipment adaptations are needed 
since each actuation channel can service all of one particular 
valve for all channels, whether there are 2 or 400. For 2), the 
heating and cooling can be external to the microchip and can 
be either arrays of resistance heaters or strips of Peltiers. The 
adaptation can be achieved by designs comprising geom 
etries with additional lengths and numbers of heaters. Heat 
management is be an important consideration for the system. 
For 3), the Syringe pumps, no addition pumps are be 
required. The addition of service channels, described below, 
should allow one syringe pump to service all channels. Thus, 
the equipment modifications can be to combine the compo 
nents of the CSM microchip interface device with the DNA 
Analysis Module microchip interface device. 
0.168. In some embodiments, the microchip interface 
device and the microchip details can be designed to elimi 
nate any spatial or temperature conflicts. The vacuum chuck 
can be adapted to have rings of lower temperatures for the 
sample preparation and cleanup chambers. The design of the 
combined CSM and DNA Analysis Module microchip inter 
face devices can be greatly simplified by the concept of 
servicing the microchip with on-chip micro-robotics dis 
cussed below. 

0169 Microchip and operation. The Core MINDS micro 
chip can directly integrate the CSM microchip functionality 
and design, with the sample cleanup and separation from the 
DNA Analysis Module. FIG.22 shows a pair of channels in 
one exemplary design. Note the actuation lines 314 for the 
valves and pumps which will be in circular rings on a 
microchip-these appear as horizontal lines in FIG. 22. 
0170 The samples-PCR products or beads with PCR 
products-can be loaded into an input reservoir. The basic 
CSM repeat unit (which can be repeated about 200 times) 
can pump the sample into the 100 n cycle sequencing 
reaction chamber 316 with cycle sequencing mix, the four 
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Surrounding valves close, and cycle sequencing occurs. 
After cycle sequencing, as in the CSM, the cycle sequencing 
products and reactants can be pumped into a reservoir 
containing water, except this time it has an electrode con 
nection. The sample can be electrophoresed onto two paired 
read, affinity capture chambers 317–318. The contaminants 
can be removed and the purified fluorescently-labeled cycle 
sequencing fragments can be injected through twin-T injec 
tors into two separation channels; this unit can replicated, for 
example, about 200 times to yield 400 separation channels. 
The fragments can be separated in high performance nano 
gels or other matrix and detected near the center by the 
rotary scanner. In some embodiments, an 8" with about 100 
separation channels can be used to model a quarter section 
of a 12" wafer that can have about 400 separation channels. 
0171 The microchips can provide 45 min separation 
cycle times, and 45 min cycle sequencing and cleanup cycle 
times, one paired-read cycle sequencing reaction chamber 
can Supply two separation channels. This simplifies the 
design, reduces the number of valves, electrodes, and chan 
nels that are required. The separations can be almost con 
tinuous, with only microchip regeneration and pre-run shar 
ing the cycle time with the separation. During the 35 min 
separation, the sample preparation cycle can begin again 
with a sample loaded into the input reservoir. In some 
embodiments, samples can be prepared and ready for sepa 
ration by the time the separation channel is ready for 
injection. In some embodiments, multiple cycle sequencing 
or genotyping chambers Supplying a single separation chan 
nel as desired can be employed. The microchips, in addition 
to having a common central anode, also can have a common 
circular, open cathode channel running around the circum 
ference of the microchip with a large buffer capacity. This 
channel can have extra buffer capacity to prevention deple 
tion from degrading the separations, simplifies electrode 
number and placement, and may permit repeated matrix 
loadings without removal of buffer and excess matrix. The 
microchip also can use three dimensions to enable service 
channels, (i.e., cycle sequencing mix, waste, affinity gel 
polymers, water) to cross over other channels to greatly 
simplify the design and operation. 

0172 In some embodiments, the combined CSM and 
DNA Analysis Module microchip interface devices can rely 
upon servicing the microchip with on-chip mini-robotics 
using a three dimensional microchip design with a central 
wafer etched on both sides. The service channels build upon 
the ability of the valves to connect different layers in a 
multi-layer design. 

0173 FIG. 12 illustrates an embodiment of the connec 
tion of a service channel 320 providing fresh affinity capture 
matrix to a sample cleanup chamber 321. In the design 
shown, the service channel fluid path enters from the left on 
top of the etched wafer 322, crosses over a separation 
channel, and goes up in one aperture of a valve 323 on the 
PDMS layer, over, and then down the second aperture of the 
valve to the bottom layer of doubly etched wafer, where the 
sample preparation, cleanup, and separation channels 321, 
324 are etched. The service channel fluid path then passes 
through the affinity capture sample cleanup chamber (which 
runs perpendicular to the plane of the figure) and through a 
valve to remerge on the top of the etched microchip. This 
allows the service channel on the upper side of the microchip 
to cross sample separation and other channels by passing 
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above them without interference. This same principle can be 
applied to sample preparation channels, but not analysis 
channels. Individual service channels, which can be wide 
and deep, will deliver cycle sequencing mix, refill the two 
affinity capture matrices into two sample cleanup chambers, 
provide wash to restore the sample preparation chamber, and 
collect waste from all the sample preparation, sample 
cleanup, and separation channels. The six service channels 
will each form concentric rings on the microchip. They will 
be connected to Syringe pumps, macroscale fluidic, or 
vacuum lines. The “extra wafer layer between the doubly 
etched wafer and the PDMS will contain only through holes. 
Since the etched channels are on both sides of the etched 
wafer; the through holes can be relatively large except for 
the cycle sequencing mixture. 

0.174 The regeneration of the microchip can be per 
formed as follows. After the separation, the central umbilical 
cord can push new matrix into the channels, just filling the 
separation channel. Differential channel widths on the side 
channels can direct the matrix towards the cathode. In some 
embodiments, the two sample cleanup chambers can be 
regenerated using two service channels. The service chan 
nels can be closed by the valves normally. To replace the 
affinity matrix, the valves can be opened, the Syringe pump 
for the channel activated, and new affinity matrix pumped 
into all the forward chambers, for example (multiple runs 
may be possible per loading of affinity matrix). A similar 
sequence occurs for the other affinity chamber. The cycle 
sequencing reaction chamber can be similarly cleaned by 
pumping a wash solution from the wash service line through 
the chamber and into the waste reservoir. The buffer reser 
voirs can be connected to a large common reservoir above 
the topmost wafer. The larger Volume can minimize the 
impact of evaporation and buffer depletion, and simplify 
buffer filling and flushing. 

0.175 Aspects of the present disclosure may be further 
understood in light of the following examples, which should 
not be construed as limiting the scope of the present disclo 
Sure in any way. 

G. EXAMPLES 

1. Bead-Based Capture of E. coli 

0176) The capture of model target organisms from dilute 
Solutions with monoclonal or polyclonal antibodies conju 
gated to magnetic beads can be used to provide concen 
trated, purified material for introduction into BPM microde 
vices. Here, we describe the use of DYNAL(R) beads with 
conjugated antibodies against E. coli strain O157. We have 
run three series of experiments: (1) capturing E. coli from 
diluted Stocks, (2) capturing E. coli in the presence of large 
excesses of Bacillus, and (3) capturing E. coli from an 
aerosol sample from a Baltimore Air-Sampler. 

0177. We first compared the DYNALR"swab protocol.” 
which is used for detecting E. coli O157 in food samples, 
with direct plating of beads onto a suitable growth medium. 
We found that direct plating of the non-pathogenic strain 
O157 and E. coli ATCC strain 700728 onto trypticase soy 
agar (TSA) yielded about five-fold more colonies and there 
fore provided a better estimate of the number of captured 
organisms than the swab method. Therefore, we used direct 
plating in all Subsequent experiments. 
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0178 We measured the ability of DYNAL(R) beads to 
bind E. coli across a range of cell titers from 10 CFU/mL 
to 10' CFU/mL in PBS/Tween buffer. In these and subse 
quent immunomagnetic separations (IMS) experiments, the 
protocol was to add a 5 uL suspension of DYNAL(R) beads 
to the suitable dilution of E. coli in 250 uL PBS/Tween. The 
cells with added beads were mixed in a capped plastic 
microfuge tube for ten min on a rocking platform. The beads 
were then captured against the side of the tube with a strong 
magnet, the Supernatant removed (but saved for plating), and 
the beads were washed three times with PBS/Tween buffer. 
The beads were resuspended and dilutions of the beads were 
plated. In several experiments we also plated out the washes. 
In general, the washes contained few target organisms; the 
target cells were either captured on beads or were not bound 
and recoverable in the primary Supernatant. 

0179 FIG. 35 shows the result of capturing Ecoli O157 
diluted in PBS/Tween when the capture was performed in 
triplicate for starting concentrations of bacteria of 2x10, 
10, 10, 10, 20, and 2 cells/mL. The observed number of 
captured cells was linear (R =0.995) over the range from 10 
to 10 cells/mL with an efficiency of capture of approxi 
mately over 95% for the range 10 to 10 cells/mL, dropping 
to 87% for 100 cells/ml and 69% for 20 cells/mL. Other 
experiments (data not shown) generally yielded recoveries 
of greater than 85% from PBS/Tween for the E. coli con 
centrations of 10-10. 

2. Dynamic Range of Capturing of E. coli Using Mono 
clonal Antibodies 

0180. The capture chemistry was studied first in 250 uL 
Volumes in tubes, and the capture and washing optimized 
using model organisms dispersed in buffers. FIG. 36 shows 
a representative capture of E. coli using monoclonal anti 
bodies coupled to DYNAL(R) beads. E. coli O157 was added 
to 5 uL of beads coupled with anti-E. coli O157 antibody in 
250 uL PBS/Tween at various concentrations. The mixture 
was mixed on a rotating mixer for 10 min. The beads were 
pulled to the side of the tube using a strong magnet and the 
supernatant removed. The beads were washed three times 
with 250 uL PBS/Tween (PBST). The washed beads were 
resuspended in 250 uL PBST and captured E. coli was 
enumerated on TSA. 

0181. The results shown in FIG. 36 demonstrates that a 
dose response is found between the amount of beads and its 
ability to capture E. coli. FIG. 36 shows that the capture is 
linear up to about 10° cells/mL, and Saturates at a maximum 
of about 4x107 cells/mL. Above 10° cells/mL an increasing 
percentage of the cells are recovered in the Supernatant. 
Direct microscopic examination of DYNAL(R) beads satu 
rated with E. coli revealed approximately 5 cells/bead. This 
capture method has demonstrated the ability to purify and 
concentrate an average of over 90% of target cells contained 
in 250 uL down to a volume of less than 10 ul in less than 
15 min. 

3. Specificity Capturing of E. coli Using Monoclonal Anti 
bodies 

0182 To determine the specificity of bead based capture, 
we tested the impact of added Bacillus cereus (ATCC 11778) 
cells on the binding of E. coli to antibody-coated beads 
under standard assay conditions. A suspension of approxi 
mately 10' E. coli/mL was mixed with varying titers of B. 
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cereus and IMS were performed as described above, except 
that recovery was on TSA media with tetrazolium added at 
levels that selectively inhibited B. cereus. This allowed 
direct plating of the cell mixtures, but only E. coli could 
replicate and thus be quantified as colony forming units 
(CFU). 

0183 As shown in FIG. 37, B. cereus addition decreased 
the amount of E. coli bound to the beads—by about 20% 
when the two microbes were present at a 1/1 ratio, but a 
100,000-fold excess of Bacillus only decreased E. coli 
binding to 56% of the control. This suggests for this anti 
body-cell combination the DYNAL(R) beads can yield excel 
lent specificity. 

4. Capturing E. coli from an Aerosol Sample Using Mono 
clonal Antibodies 

0.184 Having shown that we can efficiently capture, 
purify, and recover bacterial cells, we wanted to extend this 
to recovering E. coli O157 from solutions containing 90% 
(v/v) of a Baltimore Air Sampler-derived Liquid (BASL) 
sample courtesy of Spector Industries. The BASL contains 
tremendous diversity of competing microorganisms, pollen, 
and other chemical and biological Substances that could 
potentially interfere with the antibody-mediated binding and 
recovery. 

0185. To test our ability to concentrate and recover E. coli 
O157 from BASL solutions, we grew the strain in pure 
culture and prepared titers of 10, 10, and 10 CFU/mL in 
90% BASL and also PBST as a control. A 5uL suspension 
of DYNAL(R) beads (containing anti-O157 antibody) was 
added to a 250 uL sample containing E. coli in either 90% 
BASL or PBST, incubated for ten minutes on a rocking 
platform, and followed by bead capture. The supernatant 
was removed, the beads washed three times with PBST, and 
resuspended in PBST. The primary supernatant and the 
beads were plated out for determination the number of CFU. 
All plate counts were determined using MacConkey-Sorbi 
tol agar with added Cefixime and Tellurite (CT-SMAC). 
CT-SMAC is a semi-selective medium for E. coli O157, 
which served to reduce the overall number of non-E. coli 
CFU from the large number of organisms contained in the 
BASL and provides a colorimetric indication of O157 by 
fermentation of the sorbitol. 

0186 Excellent binding and recovery of E. coli O157 
was obtained using our standard IMS protocol from solu 
tions containing 90% BASL (FIG. 38). In general, greater 
than 90% of the cells were bound to the IMS beads and 
recovered regardless of whether the cells were dispersed in 
PBST or 90% BASL. This was true across the range of cell 
concentrations tested from 10, 10, and 10 CFU/ml. 
0187 FIG. 39 shows the data set specifically for the 10" 
CFR/ml titer. The first bar and third bars show the titer of the 
controls. The second bar shows the proportion of cells 
recovered in the bead fraction and supernatant fraction when 
the samples were performed exclusively in PBST as a 
control. The fourth bar shows the proportion of cells recov 
ered in the bead fraction and supernatant fraction when the 
experiment was performed exclusively in 90% BASL. This 
experiment indicates components in the BASL do not inter 
fere with binding and recovery at least for this antibody and 
its epitope. 
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5. Solid Phase Extraction (SPE) 
0188 We evaluated SPE for an off-chip disposable 
flow through device that can process up to liter sample 
Volumes, binding analytes onto a small Surface while allow 
ing interfering compounds to flow through. Ultimately, the 
target analyte can be recovered in a concentrated form for 
down stream processing by a microchip-based bioprocessor 
or the SPE material itself can be the feedstock for the 
microchip. 

0189 We evaluated silica matrix. SPE capture of E. coli. 
The basic scheme was to run bacteria of different titers 
through the solid phase, elute with a small volume back 
flush, then analyze Supernatant and eluent for bacterial 
content. In the following experiments, the DH5C. strain of E. 
coli (Invitrogen Technologies) was prepared at dilutions 
ranging from 10-10° cells/mL in PBS/Tween (PBST). A 
bare silica Extract-Clean SPE cartridge (Alltech Associates) 
having a 100 mg Solid bed was used in all experiments. 
0190. For each cartridge: (1) 18 mL of a bacteria/enzyme 
mixture was run through an SPE bed at a flow rate of 
approximately 5 mL/min; (2) Supernatant was collected and 
analyzed for bacterial titer; (3) the cartridge was back 
flushed with 2 mL of buffer and eluent was the number of 
bacteria was determined. Analysis was performed by bac 
terial growth at 37° C. on TSA as above to determine the 
relative capture and recovery of bacteria. 
6. Retention of Bacteria by SPE Media in a Flowthrough 
Mode. 

0191 FIG. 40 shows the results of the bacterial assays as 
a function of bacterial concentration in the sample loaded, 
and in the post-SPE supernatant (unbound) and eluent with 
samples with relatively high bacterial concentration of 
25,000 or 45,000 CFU/mL. In this range, 80 to 90% of the 
E. coli are retained on the SPE matrix (FIG. 41), while a 
Small amount of the bacteria pass though, and a very Small 
amount (1%) is recovered by a backwash. Thus, a strong 
binding is exhibited on silica, with poor elution of viable 
cells. At very low titers, 125 and 250 CFU/mL, proportion 
ately more cells pass through the column, with only about 
20% retained (data not shown). 
7. Retention of Protein (B-Galactosidase) by SPE and Aga 
rose “Big Beads' Media in a Flowthrough Mode 
0192 Some embodiments employ agarose-based “Big 
Beads to capture or purify biomaterials. Commercially 
available f3-galactosidase (Sigma) was dissolved in 0.1 M 
phosphate buffer, pH 7.5, 1 mM MgCl, at two concentra 
tions: 100 and 10 ng/ml. These two solutions were run 
through “Extract Clean SPE cartridges (Alltech) containing 
a 100 mg of 50 um silica particles with 50 A pore size, or 
5 ml “Big-Bead' columns with 500 um hardened agarose 
beads. For both agarose and silica-derived media, enzyme 
solutions (20 ml) were run through their respective SPE bed 
at a flow rate of approximately 5 mL/min, the Supernatant 
was collected, and the cartridge was back-flushed with 2 mL 
of buffer at a flow rate of approximately 1 ml/second. 
Supernatant and eluant were analyzed for enzyme activity 
using o-nitrophenyl-B-galactoside (ONPG) as the substrate. 

0193 FIG. 42 shows a graph of the distribution of 
B-galactosidase activity in the 'Supernatant”, “eluant’, and 
"retained' fractions for the two matrices at both the 10 and 
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100 ng/ml enzyme concentrations. “Retained is calculated 
by the difference among loaded, flow through, and eluant. 
For the silica-based SPE media, approximately 75% of the 
B-galactosidase is flow through and recovered in the Super 
natant. Very little enzyme (1-2%) is detected in the back 
flushed eluant. Therefore, approximately 25% of the B-ga 
lactosidase is retained on the column. For the “Big-Bead' 
medium, 85-99% of the B-galactosidase flows through the 
column, while less than 5% is recovered in the eluant (FIG. 
42). This means that a very low amount, about 0-10%, is 
retained on the matrix. Therefore, these media may be useful 
in the flow through mode to separate target analytes, such as 
toxins, from retained materials. 
8. Retention of E. coli by Agarose “Big Beads” as a Capture 
Media in a Flowthrough Mode 
0194 We evaluated the ability of the agarose Big Bead 
cartridges to selectively bind and concentrate E. coli strain 
DH5C. FIG. 43 shows the distribution of E. coli DH5C. in 
fractions obtained from the Big Bead capture experiment 
performed at initial cell concentrations of 2,000 or 4.700 
CFU/ml. These experiments were performed in 0.1 M phos 
phate buffer, pH 7.5, 1 mM MgCl, using 20 mL of a bacterial 
suspension at 10 or 10 CFU/mL. The assay was growth on 
TSA plates. At the lower titer (2,000 CFU/ml), >70% of the 
bacteria were recovered in the flow through fraction and less 
than 1% in the back-flushed eluant. At the higher titer (4,730 
CFU/ml), >80% of the bacteria were recovered in the 
flow through fraction and less than 5% in the eluant. Thus 
only 25-10% of the bacteria remained bound to the Big Bead 
matrix. 

9. NanoBioProcessor Microchips 
0.195 Microfibrication of microfluidic devices was per 
formed essentially was described by Liu et al. 2000. Proc. 
Natl. Acad. Sci. USA 97(10):5369-5374. Briefly, Borofloat 
glass wafers were cleaned and an amorphous silicon mask 
deposited followed by an adhesion layer of HMDS and a 
layer of photoresist. The photoresist was patterned with UV 
light through a mask and the channel pattern chemically 
etched with concentrated HF, typically to depths of 40 um 
for the channels on the fluidic wafer and 70 um deep for the 
manifold wafers. The photoresist and amorphous silicon 
were stripped off and access holes were drilled using a 
CNC-minimill with diamond drills. These holes can be used 
in a four layer microchip as reaction and detection chambers. 
Alternatively, we will use ultrasonic drilling to drill all holes 
simultaneously. After cleaning, the fluidic wafer and via 
wafers were aligned and thermally bonded. The manifold 
wafer and PDMS membrane were added to create four-layer 
microchips. 

0196. Two NanoBioProcessor microchips were designed 
and built. The first microchip, MBI-11 240 (FIG. 19), was 
designed to isolate and test essential microfluidic processing 
on-chip components at a variety of scales. It demonstrates 
embodiments of (1) valve design, (2) reaction chamber 
design, (3) ganging reactions, and (4) router design. The 
operation of each element is controlled by an eight channel, 
full-scale pneumatic system 241 to operate the valves, 
pumps, and routers. We have tested the operation of the 
MOV valves, pumps, and routers in 3-layer and 4-layer 
chips. Each element of the chip is designed to interface with 
an 8-channel full-scale pneumatic bus to facilitate valve 
operation. 
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0197) The second NanoBioProcessor microchip, MBI 
12, was developed to test both sample preparation from 
beads for cycle sequencing or PCR and to test LLCAE, both 
separately and coupled with Sample preparation. The mask 
design, shown in FIG. 20, was etched, assembled into 
functional four layer microchips, and is being tested. MBI 
12 has several designs of LCAE channels and how to 
connect them to upstream sample preparation devices. 
0198 We have demonstrated mixing using MOV valves, 
pumps, and routers and using Surface Acoustic Wave (SAW) 
mixing which works well in deep chambers such as the via. 
SAW creates a pulsating internal pressure wave within a 
chamber in the microchip and homogenizes Solutions to mix 
them. 

10. NanoBioProcessor Performing Sample Preparation for 
Biodefense 

0199 This bioprocessor module receive samples from an 
upstream air sample collector or other input device, create 
aliquots for archiving and retesting, lyse samples, prepare 
and label samples, and output them to a single molecule 
fluorescence correlation detector for analysis. The biopro 
cessor module includes disposable plastic cartridges that 
contain the fluidics and an instrument that operates the 
cartridges. 

0200 Prior to analysis the sample is partitioned and 
divided into aliquots. The automated microfluidics processor 
can: 1) prepare nucleic acids for testing; 2) prepare protein 
for testing; 3) prepare cells for detection; 4) archive for 
retesting of positive samples and forensic analysis. 

0201 The cartridges are in a “CD' format and have 12 
bioprocessor units per cartridge in sectors, with each unit 
used for a single sample. The cartridge processes one sample 
in a bioprocessor unit and then rotates to receive the next 
sample in the next bioprocessor unit. For a 2 hr sampling 
regime, the cartridges is automatically changed daily from 
sets of cartridges stored in mini-carousels, analogous to a 
CD changer. Manual intervention to resupply cartridges and 
reagents is performed about once every two weeks. 

0202 The instrument provides the mechanics to store, 
load reagents, run, and change cartridges. The instrument 
has functionality to 1) open and close Solenoids to deliver 
pressure or vacuum to operate the valves and pumps, 2) heat 
and cool areas of the cartridge, 3) move cartridges to and 
from mini-carousels, 4) ultrasonic disrupt microorganisms, 
and 5) other functions, as needed. 
11. NanoBioProcessor Performing Genetic Analysis for Bio 
defense 

0203 Sample Concentration Module. Starting at the mac 
roscale, magnetic beads modified with antibodies to the 
Surface epitopes of target organisms are added to milliliter 
volumes of air collector 210 effluents (or slurries produced 
from other matrices) in a chamber (FIG. 8). The beads are 
mixtures of sets of beads coated with antibodies specific to 
individual organisms, Subtypes, species, etc. The range of 
organisms interrogated can be extended with additional 
reagent mixtures. The beads capture the target organisms 
while contaminants are removed by washing-providing a 
first dimension of selectivity and specificity. The beads 
containing target organisms are collected by a magnet in an 
SCPM 211. 
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0204 Sample Amplification and Analysis Module. Now 
entering the microscale, the beads are loaded into a reservoir 
212 containing lysis buffer on the NanoBioProcessor (NBP) 
microchip 213 with all further manipulations occurring at 
the microfluidic scale. The NBP microchip 200 (FIG. 18) is 
designed to process samples in individual bioprocessor units 
using microfluidic on-chip valves and pumps as control 
elements. The beads are pumped from the reservoir 221 until 
they are trapped by a weir 222 where they are sonicated to 
disrupt spores and/or cells and release DNA. The DNA is 
moved to a reaction chamber 223 where PCR reagents with 
specific primers containing probes for uRT-PCR are added 
by the on-chip pumps and uRT-PCR performed in multi 
plexed reactions-providing a second biochemical dimension 
of selectivity and specificity. 

0205 While RT-PCR is a powerful molecular diagnostic 
tool, RT-PCR suffers from high and variable background as 
fluors are unduenched by nucleases, non-specific extension, 
or other mechanisms. To minimize false positives, putatively 
positive uRT-PCR samples are separated by fast (<5 min) 
on-chip microchannel capillary array electrophoresis sepa 
rations 224 for further selectivity and specificity. Products of 
different fragment lengths are produced by bioinformatic 
primer design and discriminated by microchannel electro 
phoretic separation and fluorescent emission—allowing for 
increased multiplexing of the PCR reactions with confirma 
tion and identification of true positives by fragment sizing. 
At least 96 bioprocessor units are radially place on a 
microchip 225 (FIG. 18). A 96 channel microchip operates 
for 4 days using a single channel per hour. 
12. EXPAR Reactions Performed in a NanoBioProcessor 

0206 EXPAR is a rapid isothermal method for specifi 
cally amplifying short segments of DNA at 60° C. using 
oligonucleotide sequences, a thermal stable polymerase, and 
nicking enzymes. The products are detected by fluorescence 
or MS. The EXPAR reactions can be implemented in the 
NanoBioProcessor for genetic testing, gene expression mea 
Surements, molecular diagnostics, biodefense and other 
applications. 

0207. The reaction mix is added to the sample in a single 
step, and the thermal stable polymerase and nicking 
enzymes perform like most other proteins in microchannels. 
EXPAR is performed in the microchips shown in FIG. 15 or 
20 after minor adaptations or in the microchip shown in FIG. 
13. The nucleic acid, DNA or RNA, is moved in a micro 
channel such as the one labeled IMS input 250, using MOV 
pumps 251 into a chamber and then the single reaction mix 
added from one of the reagent channels 252. Fluidic circuits 
are used for adding one of more reactants to a reaction 
chamber 253. The temperature of the reaction chamber is 
optionally controlled. Following reaction, the processed 
sample is pumped using the MOV pumps into a reservoir or 
tube 254 for analysis by off-chip MS or analyzed on 
microchip by fluorescence, chemiluminescence or other 
detection methods. In addition to single channels for analy 
sis, Samples can be split into many channels using the MOV 
routers and followed by multiple-EXPAR. 
13. RiboMaker Reactions Performed in a NanoBioProcessor 

0208. The RiboMaker detection systems is based upon 
abortive initiation of RNA polymerase (RNAP) transcrip 
tion, termed abscriptionTM, using Artificial Promoter Com 
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plexes (APCs) and nucleotide analogs called RibologsTM. 
The APCs provide an initiation site for RNAP polymerase to 
generate 50-450 trinucleotide abortive products/min/site. 
Detection can be by MS analysis, fluorescence, chemilumi 
nescence, or other methods well known to one skilled in the 
art. For DNA or RNA analysis, the APCs can have flanking 
sequences that provide specificity for the target site probe. 
RiboLogs with different mass units can identify which site 
is bound. By binding multiple APCs to different portions of 
a sequence to be interrogated, a fingerprint of RiboLogs can 
provide additional specificity information for biodefense, 
which can help eliminate false positives and false alarms. 
For proteins, an APC unit can be linked to an antibody. The 
RiboMaker detection is claimed to be fast, linear, and less 
sensitive to inhibition than PCR. 

0209 The RiboMaker reaction is accomplished on a 
NanoBioProcessor microchip such as the one in FIG. 13. 
The addition of a single APC reagent followed by single 
reaction mix requires two mixing steps. If the RiboMaker 
sample is captured on a bead, the bead is through the IMS 
Input (FIG. 13) into the reaction chamber, which optionally 
has a weir or magnet to trap the bead. The APCs are added 
using one of the reagent channels. The RiboLogs are added 
from a second reagent channel. If necessary, the reaction is 
moved back and forth between pumps A and B. 
14. Microchip CMS Array Design 
0210. An embodiments of a 16 channel microchip 270 is 
shown in FIG. 23. The actuation lines 271 for the valves and 
pumps are shown running vertically and terminating at Vias 
on the bottom of the microchip where external actuation 
lines can be connected. The cycle sequencing mixture is 
Supplied via a syringe pump to a channel 272 on the left and 
water or buffer to regenerate the microchip is Supplied in a 
channel 273 on the right. Both these “service' channels are 
multiplexed to feed all 16 channels and have on-chip pumps 
or valves 274 respectively to control the flow. This micro 
chip is constructed as a four layer device from glass wafers 
and PDMS membrane. 

15. A Complete MINDS System 
0211) To create the complete MINDS System, the instru 
mentation from the Core MINDS system is modified: 1) A 
bead service channel is added and interfaced with a bead 
sorting method to deliver individual beads; 2) The resistive 
heater design and electrode ring on the microchip interface 
device is altered to the microchip; 3) Microchip modifica 
tions to ensure that single beads are loaded and unloaded 
repeatedly. 

0212. A design of a MINDS microchip is shown in FIG. 
24. The microchip is similar to the Core MINDS microchip 
shown in FIG. 22 except that a bead service channel leads 
330 to the input line, the sample volume is decreased 4-fold 
to 25 nL, and a weir is formed in the cycle sequencing 
chamber to trap the bead. Single beads are input through the 
Input channel. The weir is etched to only 2 um, which 
requires an additional mask and fabrication steps. 
0213 The single bead is pumped into the cycle sequenc 
ing chamber with only the channel leading towards the 
electrode and to the affinity capture chambers flowing. The 
weir stops the movement of the bead. Once a bead is loaded, 
25 nL of cycle sequencing mixture with primers for both 
forward and reverse paired-end reads are pumped by on-chip 
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pumps into the reaction chamber. The valves adjacent to the 
chamber are closed and the temperature cycled. Following 
cycling, the cycle sequencing products in the cycle sequenc 
ing mixture are pumped into electrode reservoir 6, electro 
phoresed into two sample cleanup chambers, and processed 
essentially as described above, with each paired-end read 
injected into separate separation channels. The valve leading 
to waste is opened and the bead flushed into the waste 
channel by the wash line. The separation regeneration occurs 
as described above. 

0214 Single beads are fed into each channel by 1) 
manipulating a microfluidic string of beads, that are well 
separated, and moving them into each channel serially or in 
parallel, 2) feeding from a “bin' of beads in each channel 
and dispensing them one at a time into the cycle sequencing 
reactor, or 3) magnetically manipulating individual beads or 
pickup onto the end of capillaries for “pick-and-place” 
manipulation. For the string of beads approach, beads are 
well separated spatially from the next by a bolus of liquid, 
possibly immiscible such as Fluorinert (3M). We have 
previously successfully used boluses of Fluorinert in cycle 
sequencing and PCR reactions. The bead string is moved 
together into rough positions. A valve then closes on the 
circulating bead service channel, and flow is diverted 
through an individual cycle sequencing chamber long 
enough to move the bead into the loading channel. A valve 
on the loading channel is closed, the valve on the bead 
service channel opened, and the next bead is placed into the 
next channel. Parallel variations are also possible and can 
minimize loading time. Optical bead sensors can also assist 
in helping regulate timing and feed flows. 
0215. The MINDS system use valves and pumps with 
laser drilled test holes of 50 um to decrease pump volumes 
of several nanoliters. Alternately, valves with 250 um holes 
are partially opened with partial “strokes' on each cycle. 
The valves surrounding the chambers are pulsed to move the 
bead in the chamber or external ultrasonic mixing is applied. 
Surface interactions are ameliorated by additives with sur 
face modifications applied as needed. 
0216) For direct injection, the sample cleanup matrix is 
positioned in line with the separation channel. As shown in 
FIG. 44, this design has the familiar elements of cycle 
sequencing chamber for a bead and sample cleanup except 
the sample cleanup chambers are moved to the cathode side 
of the separation channel. Cycle sequencing samples are be 
electrophoresed on the sample cleanup matrix and contami 
nants removed into the cathode chamber which is flushed if 
needed. The clean Samples are in a sharpened band on the 
sample cleanup matrix, and are released by heating the 
chambers and separations started. This volumetrically 
injects a sharp band onto the separation channel. Therefore, 
all of the sample collected on each sample cleanup matrix is 
analyzed as opposed to the “heart cut found in typical twin 
T injections where the loading of the twin T only allows a 
fraction of the sample to be analyzed. 

What is claimed is: 
1. A modular system, comprising: 

a first module comprising means for capturing and puri 
fying a target analyte and means for introducing said 
target analyte into a microfluidic device, and 
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a second module comprising said microfluidic device, 
wherein said microfluidic device is suitable for detect 
ing or analyzing said target analyte. 

2. The system of claim 1, wherein said target analyte is 
selected from the group consisting of a bacterium, a virus, a 
spore, a eukaryotic cell, or a nucleic acid. 

3. The system of claim 2, wherein said bacterium is 
Bacillus anthracis. 

4. The system of claim 2, wherein said spore is a Bacillus 
anthracis spore. 

5. The system of claim 2, wherein said cell is a cancer cell. 
6. The system of claim 2, wherein said nucleic acid is 

DNA 
7. The system of claim 6, wherein said analyzing com 

prises sequencing said DNA. 
8. The system of claim 6, wherein said analyzing com 

prises amplifying said DNA. 
9. The system of claim 1, wherein said microfluidic device 

is the microfluidic device of claim 32. 
10. A traveling magnetic wave flow through device, com 

prising: 
a rotating pole piece; 
a flow through tube; and 
a magnetic fixed piece, 
wherein said rotating pole piece, said tube and said fixed 

pole piece are arranged in a manner and comprise 
materials Suitable for producing a traveling magnetic 
wave in said flow through tube upon rotation of said 
pole piece. 

11. The device of claim 10, wherein the rotation of said 
pole piece is at least about 100 Hz. 

12. (canceled) 
13. The device of claim 10, further comprising a bead 

positioned in the lumen of said tube. 
14. The device of claim 10, wherein said bead is magnetic 

bead. 
15. The device of claim 14, in which a target analyte is 

attached to said magnetic bead. 
16. The device of claim 15, wherein said target analyte is 

affinity captured to said magnetic bead. 
17. The device of claim 16, wherein said target analyte is 

selected from the group consisting of a bacterium, a spore, 
a virus, a eukaryotic cell, and a nucleic acid. 

18. The device of claim 10, wherein said flow through tube 
feeds into a microfluidic device. 

19. A method of lysing or disrupting a target analyte, 
comprising: 

(a) introducing a target analyte and a magnetic bead into 
the flow through tube of the traveling magnetic wave 
device of claim 10; and 

(b) rotating the pole piece of said device at a frequency 
Suitable for accelerating said magnetic bead in one or 
more directions within said tube, 

whereby said bead lyses or disrupts said target analyte. 
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20. The method of claim 19, wherein said target analyte 
is selected from the group consisting of a bacterium, a spore, 
a virus, a eukaryotic cell, and a nucleic acid. 

21. The method of claim 19, wherein said rotating is at 
least about 100 HZ. 

22. The method of claim 19, wherein said target analyte 
is attached to said magnetic bead. 

23. The method of claim 22, wherein said target analyte 
is affinity captured to said magnetic bead. 

24. The method of claim 19, wherein said flow through 
tube is fluidically connected to a microfluidic device. 

25. The method of claim 24, wherein said target analyte 
is a nucleic acid and said microfluidic device is suitable for 
amplifying a sequence of said nucleic acid. 

26. The method of claim 24, wherein said target analyte 
is a nucleic acid and said microfluidic device is suitable for 
sequencing said nucleic acid. 

27. A flow through Sonicator, comprising: 
a chamber Suitable for containing aerosols; and 
a Sonicator probe, 
wherein said chamber comprises a sample entry and 

sample exit, and said probe is positioned in said cham 
ber in a manner Suitable to Sonicate sample positioned 
between said sample entry and sample exit. 

28. The sonicator of claim 27, further comprising: 
a fluid sample, 
wherein said sample is flowing through said chamber. 
29. The sonicator of claim 27, wherein said sample exit is 

fluidically connected to a microfluidic device. 
30. A method of lysing or disrupting a target analyte, 

comprising: 
activating the probe of the flow through sonicator of claim 

27 as a sample comprising a target analyte is resident 
within the chamber of said sonicator, 

whereby said target analyte is Sonicated. 
31. The method of claim 30, wherein said target analyte 

is selected from the group consisting of a bacterium, a spore, 
a virus, a eukaryotic cell, and a nucleic acid. 

32. A microfluidic device comprising: 
a loading reservoir that is fluidically connected to two 

affinity capture chambers, wherein said capture cham 
bers are each fluidically connected to a separation 
channel, 

electrodes Suitable for electrophoresing a sample com 
prising forward and reverse nucleic acid sequencing 
products from said reservoir to said affinity capture 
chambers, wherein said capture chambers comprise 
affinity capture matrices suitable for capturing either 
said forward or reverse sequencing products; and 

means for temperature control of said affinity capture 
chambers. 


