WD 03/ 048295 PCT/ US02/ 38363 M CROFLUI DI C DEVI CE AND METHODS OF USI NG SAME
CROSS- REFERENCE TO RELATED APPLI CATIONS 5 [01] This application clains the
benefit oWoOW384820% ovi si onal Application No. 60/391, 529, ficracodssses 24,
2002, and of U.S. Provisional Application No. 60/335,292, filed Novenber
30, 2001. BACKGROUND [02] Recently, there have been concerted efforts to
devel op and manufacture mcrofluidic 10 systens to perform various

chem cal and bi ochem cal anal yses and syntheses, both for preparative and
anal ytical applications. The goal to make such devices arises because of
the significant benefits that can realized frommniaturization with
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requi renents for the devices utilized to conduct the analysis or synthesis.
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real i zatim of these benefits has often been thwarted because of various

conplications associated with the nicrofluidic devices that have thus far

been manufactured. For instance, BAOKGROWNKNE current mcrofluidic devices
ed fromsilica-based substrates; these materials, are
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conducting a variety of chem cal and biochem cal anal yses. Because 0
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operator errors because of the reduction in human involvement. Microfluidic devices have

been proposed for use in a variety of applications, including, for instance, capillary
‘electrophoresis, gas chromatography and cell separations.
20 [03] However, realization of these benefits has often been thwarted because of various
complications associated with the microfluidic devices that have thus far been manufactured.
For instance, many of the current microfluidic devices are manufactured from silica-based
substrates; these materials are difficult and complicated to machine and devices made from
such materials are fragile. Furthermore, transport of fluid through many existing microfluidic
25  devices requires regulation of complicated electrical fields to transport fluids in a controlled
fashion through the device.
[04] Thus, in view of the foregoing benefits that can be achieved with microfluidic devices
but the current limitations of existing devices, there remains a need for microfluidic devices
designed for use in conducting a variety of chemical and biochemical analyses. Because of

30  its importance in modern biochemistry, there is a particular need for devices that can be



[05] Devices with the ability to conduct nucleic acid anplifications would
have diverse utilities. For exanple, such devices could be used as an

anal yt i cawotosohs2v® determ ne whether 5 a particul ar targecTnsot/ss3es aci d of
interest is present or absent in a safdple. Thus, the devices could be
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fl ow channel s which include a region that functions as a reaction site.
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30 nategﬁﬁﬁuaand a plurality of blind flow channels in fluid comunication
with th ow channel, wth a region of each blind flow channel defining a
reaction site. The devices can al so include one or nore control channels
overlaying and intersecting each of the blind flow channels, wherein an

el astoneri ¢ nenbrane separates the SHMMARMr e control channels from the
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20 herein, including devices that can be utilized to conduct thermal cycling reactions such as

nucleic acid amplification re;actions. The devices differ from conventional microfluidic
devices in that they include elastomeric components; in some instances, much or all of the
device is composed of elastomeric material.
[07]  Certain devices are designed to conduct thermal cycling reactions (e.g., PCR) with
25 devices that include one or more elastomeric valves to regulate solution flow through the
device. Thus, methods for conducting amplification reactions with devices of this design are
also provided.
[08]  Some of the devices include blind flow channels which include a region that functions
as a reaction site. Certain such devices include a flow channel formed within an elastomeric
30  material, and a plurality of blind flow channels in fluid communication with the flow channel,
with a region of each blind flow channel defining a reaction site. The devices can also
include one or more control channels overlaying and intersecting each of the blind flow

channels, wherein an elastomeric membrane separates the one or more control channels from

the blind flow channels at each intersection. The elastomeric membrane in such devices is



di sposed to be deflected into or wwthdrawn fromthe blind flow channel in
response to an actuation force. The devices can optionally further include
a plural iwgosisgzamrd channels forned within the el ast onmePca/usar/as3sal and
overlaying the flow channel and/or on@ or nore of the reaction sites. The
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reaction sites to prevent evaporation of solution therefrom
f or egoi RYC QEOETSages f0& corduciing gssentialbranydypeofireadtion. dhe dedgtrtrinsbmeypes of

devices includes one reagents for conducting a nucleic acid amplification reaction. Thus, in
some devices the reagent comprises a primer, polymerase and one or more nucleotides. In
other devices, the reagent is a nucleic acid template.

25 2] A variety of matrix or array-based devices are also provided. Certain of these devices
include: (i) a first plurality of flow channels formed in an elastomeric substrate, (ii) a second
plurality of flow channels formed in the elastomeric substrate that intersect the first plurality
of flow channels to define an array of reaction sites, (iif) a plurality of isolation valves
disposed within the first and second plurality of flow channels that can be actuated to isolate

30 solution within each of the reaction sites from solution at other reaction sites, and (iv) a
plurality of guard channels overlaying one or more of the flow channels and/or one or more
of the reaction sites to prevent evaporation of solution therefrom.

[13]  The foregoing devices can be utilized to conduct a number of different types of

reactions, including those involving temperature regulation (e.g., thermocycling of nucleic



reactions, including those involving tenperature regulation (e.qg.,

t hernocycling of nucleic WO 03/048295 PCT/ US02/ 38363 4 acid anal yses).
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reaction site which is formed within an elastomeric substrate and a plurality of guard

channels also formed within the elastomeric substrate. At least one reagent is introduced into
each of the reaction sites and then heated within the reaction sites. A fluid is flowed through
the guard channels before or during heating to reduce evaporation from the at least one

25 reaction site. A reaction within the at least one reaction site is subsequently detected.
[17] Additional devices designed to reduce evaporation of fluid from the device are also
provided. In general, such devices comprise a cavity that is part of a microfluidic network
formed in an elastomeric substrate; and a plurality of guard channels overlaying the cavity
and separated from the cavity by an elastomeric membrane. The guard channel in such

30  devices is sized (i) to allow solution flow therethrough, and (ii) such that there is not a
substantial reduction in solution flow in, out or through the cavity due to deflection of the
membrane(s) upon application of an actuation force to the guard channels. Other such
devices include (i) one or more flow channels and/or one or more reaction sites; and (ii) a

plurality of guard channels oveﬂaying the microfluidic system and separated therefrom by



substantial reduction in solution flowin, out or through the cavity due to
defl ection of the nenbrane(s) upon application of an actuation force to
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reactio
utilizes guard channels to reduce sample evaporation.

[22] FIG. 2 is a plan view of an exemplary blind channel device.
[23] FIG. 3Ais aplan view of another exemplary blind channel device.

20 [24] FIG. 3B is a schematic representation of a more complex blind channel device based
upon the unit of the general design depicted in FIG. 3A.

[25] FIG. 3C is an enlarged view of a region of the device shown in FIG. 3B, and
illustrates the orientation of the guard flow channels in this particular design.
[26] FIG. 4 is a plan view of a device utilizing the hybrid design.

25 [27] FIG. 5 is a chart showing ramp up and down times to conduct a thermocycling
reaction. |
[28] FIG. 6 shows the location of spotted reagents within reaction sites in a blind channel
type device illustrating proper alignment of the reagents within reaction sites at the corners of
the device.

30 [29] FIGS. 7A and 7B respectively are a cross-sectional view and a schematic diagram of
another hybrid type microfluidic device and represent;c, the type of device used to conduct the
experiments described in Examples 1-4.

[30] FIG. 8 is a bar graph in which the average FAM/PR1/Control ratios are plotted for six

different B-actin TagMan reactions. The reactions were thermocycled in the micro fluidic



type device illustrating proper alignnent of the reagents within reaction
sites at the corners of the device. 30 [29] FIGS. 7A and 7B respectively
are a crowe-see2pdnal view and a schematic di agram of an@CharSongdsss d type
m crofluidic device and represents the type of device used to conduct the
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using the mcrofluidic device shown in FIG 7B. Allele 1 (Al-1) is the
posi t i vePrigGHpiobe. fbe crravbays Cppesshictha gandard devietiorepfthe Average ratips.d t ype
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20  branching from a single flow channel of a microfluidic device (see FIG. 7B). The amount of

genomic DNA was 0.25 pg/nl, which results in an average of one target copy per well.
[35] FIG. 13 is a bar graph depicting the average VIC/PR1/Control ratios for CYP2D6
SNP reactions using the microfluidic device shown in FIG. 7B. Allele 1 (Al-1) is the positive
control for the VIC probe against the reference or wild type allele CYP2D6*1. Allele 2 (Al-
25  2)is the positive control for the FAM probe against the variant or mutant allele, CYP2D6*3.
The control has no DNA template. Genomic DNA was used at either 100 pg/nl or 20 pg/nl.
The error bars are the standard deviation of the ratios. |
[36] FIG. 14 is a bar graph showing the average FAM/PR1/Control ratios for CYP2D6
SNP reactions in the microfluidic device shown in FIG. 7B. The samples are the same as
30  described with respect to FIG. 13 and in Example 3.
[37] FIGS. 15 is a schematic diagram of the microfluidic device used for the experiments
in Example 4.
[38] FIG. 16 is a polyacrylamide gel containing PCR product from Macro PCR and PCR

reactions in the microfluidic device shown in FIG. 7B. The results on the left show the
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et al ., The GtlconaRyeiornods PROBIOHEEY shNDwvitvalgemtihlR fRittnaEYn iRt fabe teh94) ;

. . ! T . 1988); THE
G oA B bt Singletorcqtst, RICUNARYAor HICKRHOLSEX AR er ver | ag
(1991) ; vODECEILARBMLOGY (26, 1994PERE CAMBYTDAEDIENINARY BFOLOGY

(1991). As used herein, the followng terns have the neani ngs ascribed to
t hem unPEEBNCEAND BRCBNREQFEY  Welliajed A 1988)0 THEGhOSSARYECOEGENETHIS) |y t O

oni 125 BPHBGr BER Rdlofh Sptheg VR (o) Rt e iietedt, B o 2o

channel HARPER COLIINS DIGTIONARVIGF BEOLO®(1308), SEPadcalRLiRYhAfHIBWASS ONer i C
menbrane that can be deflected into or retracted fromthe flow channel in

r espons ETIg haye He mmpanings ascsibed to themnless specified athermiisst * or a "dead-end
channel [4d] efar ﬁlo%@cl?anhglg\?’ef%g%%ﬂgrlaﬂy ci> & ﬁoafafaﬂ? Elrough which a solution can flow.
[41] The term “valve” unless otherwise indicted refers to a configuration in which a flow

20  channel and a control channel intersect and are separated by an elastomeric membrane that
can be deflected into or retracted from the flow channel in response to an actuation force.
[42] A “blind channel” or a “dead-end channel” refers to a flow channel which has an
entrance but not a separate exit. Accordingly, solution flow in and out of the blind channel
occurs at the same location. The process of filling one or more blind channels is sometimes

25  simply referred to as “blind fill.”

[43] An “isolated reaction site” generally refers to a reaction site that is not in fluid
communication with other reactions sites present on the device. When used with respect to a
blind channel, the isolated reaction site is the region at the end of the blind channel that can -
be blocked off by a valve associated with the blind channel.

30 [44] A “via” refers to a channel formed in an elastomeric device to provide fluid access
between an external port of the device and one or more flow channels. Thus, a via can serve
as a sample input or output, for example.

[45] The term “elastomer” and “elastomeric’f has its general meaning as used in the art.

Thus, for example, Allcock et al. (Contemporary Polymer Chemistry, 2nd Ed.) describes
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The choice of materials typically depends upon the particular material properties (e.g.,

solvent resistance, stiffness, gas permeability, and/or temperature stability) required for the
application being conducted. Additional details regarding the type of elastomeric materials
that can be used in the manufacture of the components of the microfluidic devices disclosed

25 herein are set forth in Unger et al. (2000) Science 288:113-116, and PCT Publications WO
02/43615, and WO 01/01025, which are incorporated herein by reference in their entirety for
all purposes. '

[47]  The terms “nucleic acid,” “polynucleotide,” and “oligonucleotide” are used herein to
include a polymeric form of nucleotides of any length, including, but not limited to,

30  ribonucleotides or deoxyribonucleotides. There is no intended distinction in length between
these terms. Further, these terms refer only to the primary structure of the molecule. Thus, in
certain embodiments these terms can include triple-, double- and single-stranded DNA, as
well as triple-, double- and single-stranded RNA. They also include modifications, such as
by methylation and/or by capping, and unmodified forms of the polynucleotide. More
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vary sighiificantly in size. Some probes are relatively short. Generally, probes are at least 7

to 15 nucleotides in length. Other probes are at least 20, 30 or 40 nucleotides long. Still

(D

other probes are somewhat longer, being at least 50, 60, 70, 80, 90 nucleotides long. Yet
other probes are longer still, and are at least 100, 150, 200 or more nucleotides long. Probes
25  canbe of any specific length that falls within the foregoing ranges as well.
[49] A “primer” is a single-stranded polynucleotide capable of acting as a point of
initiation of template-directed DNAlsynthesis under appropriate conditions (i.e., in the
presence of four different nucleoside triphosphates and an agent for polymerization, such as,
DNA or RNA polymerase or reverse transcriptase) in an appropriate buffer and at a suitable
30 temperature. The appropriaté length of a primer depends on the intended use of the primer
but typically is at least 7 nucleotides long and, more typically range from 10 to 30 nucleotides
in length. Other primers can be somewhat longer such as 30 to 50 nucleotides long. Short
primer molecules generally require cooler temperatures to form sufficiently stable hybrid

complexes with the template. A primer need not reflect the exact sequence of the template
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detectable labels that can be utilized include, but are not limited to, radioisotopes,

fluorophores, chromophores, mass labels, electron dense particles, magnetic particles, spin

25  labels, molecules that emit chemiluminescence, electrochemically active molecules, enzymes,
cofactors, enzymes linked to nucleic acid probes and enzyme substrates. The term
“detectably labeled” means that an agent has been conjugated with a label or that an agent has
some inherent characteristic (e.g., size, shape or color) that allows it to be detected -without
having to be conjugated to a separate label.

30  [53] A “polymorphic marker” or “polymorphic site” is the locus at which divergence
occurs. Preferred markers have at least two alleles, each occurring at frequency of greater
than 1%, and more preferably greater than 10% or 20% of a selected population. A
polymorphic locus may be as small as one base pair, Polymorbhic markers include

restriction fragment length polymorphisms, variable number of tandem repeats (VNTR's),
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nucleases and the like. Reagents for enzyme reactions include, for example, substrates,

cofactors, coupling enzymes, buffer, metal ions, inhibitors and activators. Reagents for cell-
based reactions include, but are not limited to, cells, cell specific dyes and ligands (e.g.,
25  agonists and antagonists) that bind to cellular receptors.
[56] A “ligand” is any molecule for which there exists another molecule (i.e., an
- “antiligand”) that specifically or non-specifically binds to the ligand, 6wing to recognition of

some portion of the ligand by the antiligand.

30 1L Qverview
[571 A number of different microfluidic devices (also sometimes referred to as chips)
having unique flow channel architectures are provided herein, as well as methods for using
such devices to conduct a variety of high throughput analyses. The devices are designed for

use in analyses requiring temperature control, especially analyses involving thermocycling
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[59]1  Other microfluidic devices that are disclosed herein utilize a matrix design. In
general, microfluidic devices of this type utilize a plurality of intersecting horizontal and
. vertical flow channels to define an array of reaction sites at the points of intersection. Thus,
25  devices of this design also have an array or reaction sites; however, there is a larger number
of sample inputs and corresponding outputs to accommodate the larger number of samples
with this design. A valve system referred to as a switchable flow array architecture enables
solution be flowed selectively through just the horizontal or flow channels, thus allowing for
switchable isolation of various flow channels in the matrix. Hence, whereas the blind
30  channel devices are designed to conduct a large number of analyses under different
conditions with a limited number of samples, the matrix devices are constructed to analyze a
large number of sample under a limited number of conditions. Still other devices are hybrids

of these two géneral design types.
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m crofluidic devices that are fornmed fromsilicon-hased material.
applications. The devices can be utilized in a wide variety of other types of analyses or

reactions. Examples include analyses of protein-ligand interactions and interactions between

cells and various compounds. Further examples are provided infra.

25 I General Structure of Microfluidic Devices

A, Pumps and Valves

[63] The microfluidic devices disclosed herein are typically constructed at least in part
from elastomeric materials and constructed by single and multilayer soft lithography (MSL). -
techniques and/or sacrificial-layer encapsulation methods (see, e.g., Unger et al. (2000)

30  Science 288:113-116, and PCT Publication WO 01/01025 , both of which are incorporated by
reference herein in their entirety for all purposes). Utilizing such methods, microfluidic
devices can be designed in which solution flow through flow channels of the device is
controlled, at least in part, with one or more control channels that are separated from the flow

channel by an elastomeric membrane or segment. This membrane or segment can be
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at essentially any location on the microfluidic device. Most typically, however, detection

occurs at the reaction site itself (e.g., within a region that includes an intersection of flow
channels or at the blind end of a flow channel). The fact that the device is manufactured from
substantially transparent materials also means that certain detection systems can be utilized
25  with the current devices that are not usable with traditional silicon-based microfluidic
devices. Detection can be achieved using detectors that are incorporated into the device or

that are separate from the device but aligned with the region of the device to be detected.

B. Guard Channels

30 [67] To reduce evaporation of sample and reagents from the elastomeric microfluidic

devices that are provided herein, a plurality of guard channels can be formed in the devices.
The guard channels are similar to the control channels in that typically they are formed in a
layer of elastomer that overlays the flow channels and/or reaction site. Hence, like control

channels, the guard channels are separated from the underlying flow channels and/or reaction



5 flow channels of this type, one can prepare a variety of different types
of valves and punps for regulating solution flow as described in extensive
detail irwOmngeus2et al. (2000) Science 288:113-116, and PECTRisbt/38363 i on

WO 02/ 43615 and WD 01/01025. [64] Thelsdevi ces provi ded herein incorporate
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other instances less than 10,00 pm®, and in yet other instances less than 100 pm®. The guard
channels can have any of a variety of shapes including, but not limited to, circular, elliptical,
square, rectangular, hexagonal r;md octahedral shapes.
[69] The guard channels are designed to reduce the evaporation of sample and reagents
25  from the device during the time and under the conditions that it takes to conduct a
thermocycling reaction to less than 50%, in other instance less than 45%, 40%, 35%, 30%,
25%, 20%, 15%, 10%, 5% or 1%. Thus, for example, a typical PCR reaction involving 40
cycles can be conducted within 120 minutes. The guard channel system is designed to
reduce evaporation during approximately this time frame to the foregoing set of limits. To
30  achieve this level of evaporation reduction, the guard channels are typically present at a
density of at least 10 lines/crm? to 1000 lines/cm?, or any integral density level therebetween.
More specifically, the guard channels are generally at least 25 lines/cm’, in other instances at

least 50 lines/cmz, in still other instances at least 100 lines/cmz, and in yet other instances at
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TagMan buffer solution, and phosphate buffered saline). Suitable blocking agents include,
for example, mineral oil.
[72] Guard channels are typically formed in the elastomer utilizing the MSL techniques

25  and/or sacrificial-layer encapsulation methods cited above.

[73] The following sections describe in greater detail a number of specific configurations
that can be utilized to conduct a variety of analyses, including analyses requiring temperature
control (e.g., nucleic acid amplification reactions). It should be understood, however, that

30 these configurations are exemplary and that modifications of these systems will be apparent

to those skilled in the art.
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[ 73] The foll ow n%gfcﬁ(:t i ons describe in greater de@??é{g ér%(&%%ggﬁ&g%ﬂgpeci fic

conf i gulsPiPoFAe 8¢ anfvlsfe heln prevend evaporasivauod sampleani etactants. anal yses,
I ncl udi ng anal yses requiring tenperature control (e.g., nucleic acid
anplification reactions). It should be understood, however, that 30 these
configuratioBs ar Exexphp) Besigawhdiles nodi fi cati ons of these systens will

be pafgnt those.skilled in the art. WD 03/048295 PCT/ US02/ 38363 17
LV, t f‘?I%I Dgt(? gli{\ prov1cfes an 1l?ustrat10n of one exemplary matrix device. This device 100

comprises seven vertical flow channels 102 and seven horizontal flow channels 104 that
intersect to form an array of 49 different intersections or reaction sites 106. This particular
device thus enables seven samples to be reacted with seven different reagents or sets of
reagents. Column valves 110 that regulate solution flow in the vertical direction can be

25  controlled by control channels 118 that can all be actuated at a single inlet 114 .
[76] Similarly, row valves 108 regulate solution flow in the horizontal direction; these are
controlled by control channels 116 that are actuated by a single control inlet 112. As shown
in FIG. 1A, the control channels 116 that regulate the row valves 108 vary in width
depending upon location. When a control channel 116 crosses a vertical flow channel 102,

30  the control channel 116 is sufficiently narrow that when it is actuated it does not deflect into
the vertical flow channel 102 to reduce substantially solution flow therethrough. However,
the width of the control channel 116 is increased when it overlays one of the horizontal flow
channels 104; this makes the membrane of the control channel sufficiently large to block

solution flow through the horizontal flow channel 104.
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but more typically is achieved by incorporating a peristaltic pump into the elastomeric device
itself as described in detail in Unger et al. (2000) Science 288:113-116, and PCT Publication
WO 01/01025, for example.

25 [79] Once R1 has been introduced, row valves 108 are closed and column valves 102

opened (see FIG. 1C). This allows samples S1 and S2 to be introduced into vertical flow
channels 102 and to flow through their respective flow channels. As the samples flow
through the vertical flow channels 102, they expel R1 from the reaction sites 106, thus
leaving sample at reaction sites 106. Then, as shown in FIG. 1D, row valves 108 are opened
30 to allow S1 and S2 to diffuse and mix with R1. Thus, a mixture of sample and reactant
(R1S1 and R1S2) is obtained in the region of each intersection or reaction site 106. After
allowing a sufficient time for S1 and S2 to diffuse with R1, all row and column valves 108,
110 are closed to isolate S1 and S2 within the region of their respective reaction sites 106 and

to prevent intermixing of 81 and S2 (see FIG. 1E). The mixtures are then allowed to react
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with R. Thus, a mixture of sanple and reactant (Rl S 1 and Rl IS

obt &0nedlewtq etletselfito Mdditienadly, davicer @dn¢aporetes geardichameds 138. T Ghis Af t er
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indicated supra, the guard channels 138 are smaller than the row valves 108; consequently,
the membranes of the guard channels 138 are not deflected into the underlying horizontal
flow channels 104 such that solution flow is disrupted.
25  [82] Finally, the design shown in FIG. 1F differs in that reaction does not occur in wells at

the intersection of the horizontal and vertical flow lines, but in the intersection itself,

V. Blind Channel Designs
A. General

30 [83] Devices utilizing a blind channel design have certain features. First, the devices

include one or more flow channels from which one or more blind channels branch. As
indicated above, the end region of such channels can serve as a reaction site. A valve formed
by an overlaying flow channel can be actuated to isolate the reaction site at the end of the

blind channel. The valves provide a mechanism for switchably isolating the reaction sites.



110 are closed to isolate S 1 and S2 within the region of their respective
reaction sites 106 and to prevent intermxing of Si and S2 (see FIG 1E).
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certain ur es, Vi ce
20 dev1ce. Such reagents include, for example, all or some of the following: primers,

polymerase, nucleotides, cofactors, metal jons, buffers, intercalating dyes and the like. To
maximize high throughput analysis, different primers selected to amplify different regions of
DNA are deposited at each reaction site. Consequently, when a nucleic acid template is
introduced into the reaction sites via inlet, a large number of extension reactions can be

25  performed at different segments of the template. Thermocycling necessary for an
amplification reaction can be accomplished by placing the device on a thermocycling plate
and cycling the device between the various required temperatures.

[88] The reagents can be immobilized in a variety of ways. For example, in some
instances one or more of the reagents are non-covalently deposited at the reaction site,

30  whereas in other instances one or more of the reagents is covalently attached to the substrate
at the reaction site. If covalently attached, the reagents can be linked to the substrate via a
linker. A variety of linker types can be utilized such as photochemical/photolabile linkers,
themolabile linkers, and linkers that can be cleaved enzymatically. Some linkers are

bifunctional (i.e., the linker contains a functional group at each end that is reactive with
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90] ~ Operation of such a device involves injecting a test sample into flow channel 204 with

solution subsequently flowing into each of branch channels 206. Once the sample has filled
each branch channel 206, control channel 210 is actuated to cause activation of
valves/membranes 212 to deflect into branch channels 206, thereby sealing off each of

25  reaction sites 208. As the sample flows into and remains in reaction sites 208, it dissolves
reagents previously spotted at each of the reaction sites 208. Once dissolved, the reagents
can react with the sample. Valves 212 prevent the dissolved reagents at each reaction site
208 from intermixing by diffusion. Reaction between sample and reagents are then detected,
typically within reaction site 208. Reactions can optionally be heated as described in the

30  temperature control section infra.
[91] FIG. 3A illustrates an example of a somewhat more complex blind flow channel
design. In this particular design 300, each of a set of horizontal flow channels 304 are
connected at their ends to two vertical flow channels 302. A plurality of branch flow

channels 306 extend from each of the horizontal flow channels 304. The branch flow
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[93] An even more complicated version of the general design illustrated in FIG. 3A is

shown in FIG. 3B. The device shown in FIG. 3B is one in which the unit organization of the
horizontal and branch flow channels 302 shown in FIG. 3A is repeated multiple times. The
device shown in FIG. 3B further illustrates the inclusion of guard channels 320 in those

25  devices to be utilized in applications that involve heating (e.g., thermocycling). An
exemplary orientation of the guard channels 320 with respect to the flow channels 304 and
branch channels 306 is shown in the enlarged view depicted in FIG. 3C. The guard channels
320 overlay the branch flow channels 306 and reaction sites 308. As discussed above, water
is flowed through the guard channels 320 during heating of the device 300 to increase the

30 local concentration of water in the device, thereby reducing evaporation of water from
solution in the flow channels 306 and reaction sites 308.
[94] The features of blind channel devices discussed at the outset of this section minimizes
the footprint of the device and enable a large number of reaction sites to be formed on the

device and for high densities to be obtained. For example, devices of this type having 2500



reagents previously spotted at each of the reaction sites 208. Once

di ssol ved, the reagents can react with the sanple. Valves 212 prevent the
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into ea f the reaction sites 308 via the.branch {l.ow n 06. [92]
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W thin ereleereaction site. Reactions within the reaction sites are
nonitored by a detector. Again, reactions can_optionally be controllably
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one 20n vdrivodiisttfidcallyi Haveag@hidabf legs thin SMeL; in other instances less than 40 nL, 30

nL, 20 nL or 10 nL; and in still other instances less than 5 nL or 1nL.. As a specific example,

certain devices have wells that are 300 microns long, 300 microns wide and 10 microns deep.
[96] The blind channel devices provided herein can utilize certain design features and
methodologies discussed in PCT Applications PCT/US01/44549 (published as WO

25  02/43615) and PCT/US02/10875 (published as WO 02/082047), including, for example,
strategies for'ﬁlling dead-ended channels, liquid priming, pressurized outgas priming, as well
as various strategies for displacing gas during the filling of microfluidic channels. Both of

these PCT publications are incorporated herein by reference in their entirety for all purposes.

30 VI  Hybrid Designs
[97] Still other devices are hybrids of the matrix and blind fill designs. The design of

devices of this type is similar to the blind channel device shown in FIG. 3A, except that each
horizontal flow channel is connected to its own sample inlet port(s) and the horizontal flow

channels are not interconnected via vertical flow channels. Consequently, sample introduced



hori zontal and branch flow channels 302 shown in FIG 3A is repeated
multiple times. The device shown in FIG 3B further illustrates the

i ncl usi orwofo3guseedl channel s 320 in those 25 devices to bePaiusozas$cs n
applications that involve heating (e.%., thernocycling). An exerrpl ary

ori entat.ion of .th uard han els ith res ct o the f channel s 304
and  br aROPY Z%fél oW SHERe! gﬁ !\%tg?ﬂhaﬂ epqtiop) G 3C,

The guars‘i'teg BRIMEd theredd ORI Y thdBlide MPPM:@M ; oushlﬁtlﬁ%agw g4 ion

sites 308. As discussed above, water s owed t e guar nnel S
320 duri crag ﬂwabatwgemt&leﬂlbazotﬁah fixev 8REntls 304 ciaeaesticd Iﬁlew&ﬁlahmiaBOZ:oncent ration

f t t d th d t f t f
S0l uti or9Bh (MEeTHE SramEro s Rk ramosi B L G0b: Dewip e 1 eat ur es
of blsi ndhoghipiaes ﬁ%itysﬁh&ﬁz%qm s8¢ &fanﬁa@wwemf ofqmmh% SBRbdIRP offbiahd 2es

t he footprint of the devi ce and enable a | arge nunber of gﬁ]}tlon sites to
be for n&bvo channels 4806 eikteadimgdronoit ahd s odmrssinpiecislet 414beAabntrdohehdnndtadi 0

| 00, WO 03/ 04829 US02/ 38363 23
re)e(a(r:?l gno VSt Vgsge%‘gléﬁ%ﬂ@g’&?‘?@yf&é” %&géﬁgﬁﬁ%m{e %F‘?nce QS%‘ é‘ggsﬁ Yatgs gt?ecr oscope
slides (Rawblendel 410Mom fHeaudienGa bRsich %Wh‘iﬁné} |4§@ ﬁ@%@hﬁm& BliNd ﬁb@h

densities of reaction sites to be oObtai ned devices utilizing the
bI ind chdaneil ddégi,qetuation obtharephizol ciemsi ai mkt éi6 aduskedeftecEon oﬁm,em'bﬁa,nes 80,

e 0o 117 50ht Bemeh SR et R PR B R ot T SRR A 1 oo

rangi ng, thisAesigx 2diph BoriRit VTR chpfell 404480 fndlRR%ni i8Rt §14 @tséacl@g??d tﬁlfs any
integral density val ue therebetween. For instance, sone devices have

densi t i exdlogfingsampde ¢ baporodusd fravpbothzsds. 300, 400, 500, 600, 700, 800, 900

1000 f | 200
3000, orS4boansPREdRTaied Saekhlsed Spbeit Pl shERaelanites ynthe mERTRa R ot 1
transl attﬁe HeiOe. aTMS eXabley JRrgeuitiaeier of sakthléLRbeit@fediidRs 2 S¢latiiy Heyd ce.

Devi ces utilizing the blind channel architecture typically have a | east
10- 180 rwueher ohregrtiescongitiong yn p shestperiodmfitises wshow irequiring imetsenswring Mor e
typi cal la}ﬁdlt} I?lg of ge?iéérﬁ? 3s Hﬁ (?%Iltb%ﬁesﬁlat}&ol_cl{e%ﬁgg {tgl%g{l{/ecf r%l\éeg rré%ﬁ]urany

i nt egral er 0] ween enS| eVI ?F‘ave

even rmr@nroeq;@épaeeﬂ idras inj samln Oﬁhsthﬁbhlge@lbe ﬂhe(iﬁﬁkturé@ﬁe @8jected, @RSt daIbeS t €5,
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15 | eastansh@ed gofyrther wemsed . poipated).000; 4, 000: 5, 000; 6,000; 7,000: 8, 000
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the ability to fabricate very small wells or cavities. For exanple, the
cavi t i esdeposited at the reaction sites, the presence of the same reagent at each reaction site

associated with any given horizontal flow channel provides a facile way to conduct a number
of replicate reactions with each sample. If instead, the reagent at the reaction sites differ for
any given flow channel, then each sample is essentially simultaneously exposed to a variety
25  of different reaction conditions.
[101] Thus,‘ the devices provided herein are tailored for a variety of different types of
inizestigations. If an investigation involves screening of a relatively large number of different
samples under user controlled conditions (e.g., 100 samples against 100 user selected
reagents), then the matrix devices provide a useful solution. If, however, the investigation
30  involves analyzing one or a limited number of samples under a wide variety of reaction
conditions (e.g., one sample against 10,000 reaction conditions), then the blind channel
design is useful. Finally, if one wants to examine a relatively large number of samples
against defined reaction conditions without having to inject reagents (e.g., 100 samples

against 100 previously defined reagents), then the hybrid devices are useful.
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are injected, they can be i ) . .
example, change in resistance of a thermistor fabricated on an underlying semiconductor

substrate utilizing conventional techniques can be calibrated to a given temperature change.
Alternatively, a thermistor could be inserted directly into the microfabricated elastomer
material. Still another approach to detection of temperature by resistance is described in Wu
75 et al. in “MEMS Flow Sensors for Nano-fluidic Applications”, Sensors and Actuators A 89
152-158 (2001), which is hereby incorporated by reference in its entirety. This paper
describes the use of doped polysilicon structures to both control and sense temperature. .For
polysilicon and other semiconductor materials, the temperature coefficient of resistance can
be precisely controlled by the identity and amount of dopant, thereby optimizing performance
30  ofthe sensor for a given application.
[106] Thermo-chromatic materials are aﬁother type of structure available to detect
temperature on regions of an amplification device. Specifically, certain materials
dramatically and reproducibly change color as they pass through different temperatures.
Such a material could be added to the solution as they pass through different temperatures.



anal yzed or further treated (e.g., heated). [100] By injecting different
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thermal cycling plate to thernmal cycle the device. A variety of such
pl ates are readily avail able from conmrercial sources, including for

exanpl e t he HBaer mdidyitniiorRx2A {darae KhetmochBling M Resear ch PTC- 200 ( Sout h San
Franci s , 4 E dorf Part# E5331 (Westbury Techne Part# 205330
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In cert bl fE3deGSer bhio Whitl falbntl Gre placed. The structure comprising the two layers

20  containing the flow channels and control channels is overlayed on the base layer such that the

flow channels are aligned with the deposited reagents. The other side of the base layer is then
placed upon a substrate (e.g., glass). Usually, the reaction site at which reaction occurs is
about 100-150 microns above the substrate/glass interface. Using known equations for
thermal diffusivity and appropriate values for the elastomers and glass utilized in the device,
25  one can calculate the time required for the temperature within the reaction site to reach the
temperature the controller seeks to maintain. The calculated values shown in Table 1
demonstrate that temperature can rapidly be reached, even using elastomer and glass layers
considerably thicker than utilized in devices in which the reaction site is approximately 100-

150 microns (i.e., the typical distance for the devices described herein).
30



i ncorporate sensors detecting tenperature at various regions of the device.
One structure for detecting tenperature is a thernocouple. Such a

t her nocoupwba3mesbsl be created as thin film wres patternedTarsot/ssse3
underlying substrate material, or as Mires incorporated directly into the
m crof abricated el astoner material itself. 20 [105] Tenperature can al so be
sensed tTabbulghCalcelateddsai diffasion iengthalthrough BDM® and glass lagsraatthe indidateige i n
resi st ance of . a therm stor fabricated on an underlying sem conduct or
subst r at e W T ng conventional techniques can be calibrated to a given
tenperdture change. Alfiepsdashd vely, a Thajsa:siRr coul d Peyg fe6hds€d diTertly
into the mcrofabricated elastoner matlerial. Still anofher approach to
det ect i|dDMS t enper at ur|eddfyum esi st ance | 52@eseri bed i n WwO2met al . in
"MEMS HRoaw-Sensers—fFer—Napo—Hu-die—AppH } prs—ahd—Actuators A
89 152-18% (2001), whi cg%toi‘gnher eby incgﬁéﬂlﬁt ed by ref pPEMB in its
entirety. This paper €SCri bes the use of doped pofysrricom structures to
both control and sense tenperature.. For polysilicon and other

seni condiitt]orFIpab eilustdates themapidégpewhichike desrbd tompenituefis neddewddaning ccan  be
pr eci_sel '8OB”OL| ed by the identity and anount of dopant, thereby

opt i Ri zibilé)1 Gefst feiee” 30 of the sensor for a given application. [106]
Therno-chromatic nmaterials are another type of structure available to
detect tenperature on regions of an anplification device. Specifically,
cert ai n \ildk erDetectiondr amati cal |y and reproduci bly change col or as they pass
through different te ratures. Such a material could be added to the

sol ution as they hrough different tenperatures. W 03/048295
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under | ying substrate or incorporated Wthin the elastoner material.

Al t dPnatdevisks/that re providder lwmeini Selgeticar ofthe appyoapribtd eystaba ésdinfaymed frepartopl e

lution, in the f f icles. [1071. Anoth h t tect i
¢ omper i Bep 8% prePh Phor fBh{ hng Ferscied hSIaANEE AP BE 285 PSR o Carer a
i n conj uRetbepBf diffefendsihaltPses aRGudingl it 6t thitéd BHe8ghals BEHAaRRRIRE

tenperature profile of the entire anplification structure. _Permeabi’l ity of
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Yet another h.t0 tenperature detection.is through the use of
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exhibit 'the ﬁyroel ectric effect. This effect describes the phenonena by
2

whi ch t H&1PoIdRstasive defeetion methadelegipasuitable fps veg withitheinresentmiprodvidie t he
vol tage d%gfcgéﬁlgﬁ@g, ?&%{eeﬁdt %Lx}lge'g%ém%? Lc}éﬁgﬁgg, rﬁ%ﬁﬂéhaﬂﬁar}ll}o?&ggr{c%tcf’é{e%tioéuCh

mat eri al's cou ncorpor a
UV and visible wavelength absorption, luminescence, differential reflectivity, and confocal

[v)

laser scanning. Additional detection methods that can be used in certain application include

20  scintillation proximity assay techniques, radiochemical detection, fluorescence polarization,
fluorescence correlation spectroscopy (FCS), time-resolved energy transfer (TRET),

 fluorescence resonance energy transfer (FRET) and variations such as bioluminescence

resonance energy transfer (BRET). Additional detection options include electrical resistance,
resistiQity, impedance, and voltage sensing.

25 [114] Detection occurs at a “detection section,” or “detection region.” These terms and
other related terms refer to the portion of the microfluidic device at which detection occurs.
As indicated above, with devices utilizing the blind channel design, the detection section is

generally the reaction site as isolated by the valve associated with each reaction site. The

detection section for matrix-based devices is usually within regions of flow channels that are



the substrate or elastomer and utilized to detect tenperature. [109] O her
el ectrical phenonena, such as capacitance and i nductance, can be exploited
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microscope objective. A signal so acquired is then routed to a processor for signal
interpretation and processing. Arrays of photomultiplier tubes can also be utilized.
Additionally, optical systems that have the capability of collecting signals from all the

20  different detection sections simultaneously while determining the signal from each section
can be utilized.
[117] External detectors are usable because the devices that are provided are completely or
largely manufactured of materials that are optically transparent at the wavelength being
monitored. This feature enables the devices described herein to utilize a number of optical

25  detection systems that are not possible with conventional silicon-based microfluidic devices.
[118] A detector can include a light source for stimulating a reporter that generates a
detectable signal. The type of light source utilized depends in part on the nature of the
reporter being activated. Suitable light sources include, but are not limited to, lasers, laser
diodes and high intensity lamps. If a laser is utilized, the laser can be utilized to scan across a

30 set of detection sections or a single detection section. Laser diodes can be microfabricated
into the microfluidic device itself. Alternatively, laser diodes can be fabricated into another
device that is placed adjacent to the microfluidic device being utilized to conduct a thermal

cycling reaction such that the laser light from the diode is directed into the detection section.
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generally the reaction site as isolated by the valve associated with each
reaction site. The detection section for matrix-based devices is usually
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donor (reporter) and/or acceptor (quencher) fluorophore in a donor/acceptor fluorophore pair.

The donor and acceptor fluorophore pair are selected such that the emission spectrum of the
donor overlaps the excitation spectrum of the acceptor. Thus, when the pair of fluorophores
25 are brought within sufficiently close proximity to one another, energy transfer from the donor

to the acceptor can occur. This energy transfer can be detected.

[123] FRET and template extension reactions. These methods generally utilize a primer
labeled with one member of a donor/acceptor pair and a nucleotide labeled with the other

30  member of the donor/acceptor pair. Prior to incorporation of the labeled nucleotide into the
primer during an template-dependent extension reaction, the donor and acceptor are spaced
far enough apart that energy transfer cannot occur. However, if the labeled nucleotide is
incorporated into the primer and the spacing is sufficiently close, then energy transfer occurs

and can be detected. These methods are particularly useful in conducting single base pair
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Anplified Nucleic Acids 1. Intercalation Dyes [121] Certain intercalation
dyes t haacidnUpstfdagpanssdaewnsproam BiCGRipmgens dhat bunsl to-regioesidatdflapkiahe probebe used

to detect. doubl e-strand ampl.ified.DNA. Exanpl es of suitable dyes include,
but ar eCWB{iImEiSH? ?@&lioﬁglgqg%ﬁ%ﬁﬁcwlﬁg‘l’@%en (from Mol ecul ar Probes, Inc.
of Exgenm26RWhen the probe is intact, energy transfer between the two fluorophors occurs and the

quencher quenches emission from the reporter. During the extension phase of PCR, the
probe is cleaved by the 5' nuclease activity of a nucleic acid polymerase such as Taq
polymerase, thereby releasing the reporter from the polynucleotide-quencher and resulting in
an increase of reporter emission intensity which can be measured by an appropriate detector.

25 [127] One detector which is specifically adapted for measuring fluorescence emissions such
as those created during a ﬂuorogenié assay is the ABI 7700 manufactured by Applied
Biosystems, Inc. in Foster City, CA. Computer software provided with the instrument is
capable of recording the fluorescence intensity of reporter and quencher over the course of
the amplification. These recorded values can then be used to calculate the increase in

30  normalized reporter emission intensity on a continuous basis and ultimately quantify the
amount of the mRNA being amplified. ‘
[128] Additional details regarding the theory and operation of fluorogenic methods for
making real time determinations of the concentration of amplification products are described,

for example, in U.S. Pat Nos. 5,210,015 to Gelfand, 5,538,848 to Livak, ef al., and 5,863,736
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fluorescence from the reporter dye is effectively quenched by the quencher dye. Hybridized

probe, in contrast, results in a linearized conformation in which the extent of quenching is
decreased. Thus, by monitoring emission changes for the two dyes, it is possible to indirectly
monitor the formation of amplification product. Probes of this type and methods of their use

25  is described further, for example, by Piatek, A.S., et al., Nat. Biotechnol. 16:359-63 (1998);
Tyagi, S. and Kramer, F.R., Nature Biotechnology 14:303-308 (1996); and Tyagi, S. et al,,
Nat. Biotechnol. 16:49-53 (1998), each of which is incorporated by reference herein in their
entirety for all purposes.

30 [133] Invader: Invader assays (Third Wave Technologies, (Madison, WI)) are used for SNP
genotyping and utilize an oligonucleotide, designated the signal probe, that is complementary
to the target nucleic acid (DNA or RNA) or polymorphism site. A second oligonucleotide,
designated the Invader Oligo, contains the same 5’ nucleotide sequence, but the 3’ nucleotide

sequence contains a nucleotide polymorphism. The Invader Oligo interferes with the binding
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also be utilized in a differen apgroach to quantitative PCR nethods. As
B

not ed alsevand cohpoéthppsimesican dreartindthepinglnsirandedicibiteandynalerdpablemiiandas g.
SYoR S O HASA Lo 8  RARE BT B S BT e
32 ;J ggt 2 gi'iic')ﬂnSter giechapand Ridopyrate CARCABCDANA séquefi@aAsehe firs ipginddr. AMahe can be
enzymes mentioned are capable of functioning at 41 °C. (See, e.g., Compton, J. Nucleic Acid
Sequence- based Amplification, Nature 350: 91-91, 1991.)
[135] Scorpion. This method is described, for example, by Thelwell N., et al. Nucleic Acids
Research, 28:3752-3761, 2000.
25
3.  Capacitive DNA Detection
[136] There is a linear relationship between DNA concentration and the change in
capacitance that is evoked by the passage of nucleic acids across a 1-kHz electric field. This
relationship has been found to be species independent. (See, e.g., Sohn, et al. (2000) Proc.
30  Natl. Acad. Sci. U.S.A. 97:10687-10690). Thus, in certain devices, nucleic acids within the
flow channel (e.g., the substantially circular flow channel of FIG. 1 or the reaction chambers
of FIG. 2) are subjected to such a field to determine concentration of amplified product.

Alternatively, solution containing amplified product is withdrawn and then subjected to the

electric field.
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ski | | i rFinpeymg, Espeo, fiinfond ebhippolymstase isiipmdhe fermophslipbacteriuny| Thernggy ances
brockianus. Other exemplary polymerases that can be utilized include, but are not limited to,

1TH polymerase XL, which is a combination of Thermus thermophilus (Tth) and

Thermococcus litoralis (Tli), hyperthermo-philic archaebacterium Pyrosoccus woesei (Pwo),
25  and Tgo DNA Polymerase.

[141] Further details regarding additives useful in conducting reactions with certain of the

devices disclosed herein, including nucleic acid amplification reactions, are provided in

Example 1 infra.

30 X Exemplary Applications
[142] Because the microfluidic devices provided herein can be manufactured to include a

large number of reaction sites, the devices are useful in a wide variety of screening and
analytical methods. In general, the devices can be utilized to detect reactions between species

that react to form a detectable signal, or a product that upon interaction with another species



in Nucleic Acid and Protein Analysis 3826:117-125, 2000). [134] Nasba:
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20 [145] While PCR is perhaps the best known amplification technique. The devices are not
limited to conducting PCR amplifications. Other types of amplification reactions that can be
conducted include, but are not limited to, (i) ligase chain reaction (LCR) (see Wu and
Wallace, Genomics 4:560 (1989) and Landegren et al., Science 241:1077 (1988)); (ii)
transcription arﬁpliﬁcation (see Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1173 (1989)); (iii)

25  self-sustained sequence replication (see Guatelli et al., Proc. Nat. Acad. Sci. US4, 87:1874
(1990)); and (iv) nucleic acid based sequence amplification (NASBA) (see, Sooknanan, R.
and Malek, L., BioTechnology 13: 563-65 (1995)). Each of the foregoing references are
incorporated herein by reference in their entirety for all purposes.

[146] Detection of the resulting amplified product can be accomplished using any of the

30  detection methods described supra for detecting amplified DNA.

B. SNP Analysis and Genotyping

1. General
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20 homozygote simply because a copy of the second allele is not present at the reaction site.

Table 2 below indicates the number of copies of the genome present in a 1 nl reaction volume
at various exemplary DNA concentrations that can be utilized with the devices described

herein.

25  Table 2: Number of genome copies present in a 1 nLL volume at the indicated DNA

concentration.

Volume (nL) [DNA] (ug/ul) N
1 0.33 100
1 0.10 32
1 0.05 16
1 0.01 3

1 0.003 1




(i.e., anplifications conducted with a forward and reverse priner set). 10
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Genomi cs 4:560 (1989) and Landegren et al., Science 241:1077 (1988)); (ii)
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[147% Many di seases |inked to genone nodifications, either of the host
or gani swhigeblegpproashesfallows or gani sns, are the consequence of a change in a
smal | nunber of nucleotides, frequently involving a change in a single
nucl eoti de. Such single nucleotide changes are referred to as single
nucl eot i[Us1]p Findi® Bpkd Bi® Fatension b BPENRsucriang SBPESedctiond avdometethigqusNP 5
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20 involve hybridizing a primer that is complementary to a target nucleic acid such that the 3’

end of the primer is immediately 5° of the variant site or is adjacent thereto. Extension is
conducted in the presence of one or more labeled non-extendible nucleotides that are
complementary to the nucleotide(s) that occupy the variant site and a polymerase. The non-
extendible nucleotide is a nucleotide analog that prevents further extension by the polymerase
25  once incorporated into the primer. If the added non-extendible nucleotide(s) is(are)
complementary to the nucleotide at the variant site, then a labeled non-extendible nucleotide
is incorporated onto the 3’ end of the primer to generate a labeled extension product. Hence,
extended primers provide an indication of which nucleotide is present at the variant site of a
target nucleic acid. Such methods and related methods are discussed, for example, in U.S.
30  Patent Nos. 5,846,710; 6,004,744; 5,888,819; 5,856,092; and 5,710,028; and in WO
92/16657. '
[152] Detection of the extended products can be detected utilizing the FRET detection
approach described for extension reactions in the detection section supra. Thus, for example,

using the devices described herein, a reagent mixture containing a primer labeled with one



I nvol ves the determ nation of whether a diploid organism (i.e., an organism
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successful TagMan Treactions at concentrations in which there is a single
gendfe pefailekresction Faritls typicalpiaheltbscase in which two alleles are possible for a

polymorphic site, two differentially labeled probes, each perfectly complementary to one of

the alleles are usually included in the reagent mixture, together with amplification primers,
nucleotides and polymerase. Sample containing the target DNA is introduced into the
reaction site. If the allele to which a probe is complementary is present in the target DNA,

20 then amplification occurs, thereby resulting in a detectable signal as described in the
detection above. Based upon which of the differential signal is obtained, the identity of the
nucleotide at the polymorphic site can be determined. If both signals are detected, then both
alleles are present. Thermocycling during the reaction is performed as described in the
temperature control section supra.

25 .

B. Gene Expression Analysis
1. General

[154] Gene expression analysis involves determining the level at which one or more genes
is expressed in a particular cell. The determination can be qualitative, but generally is

30  quantitative. In a differential gene expression analysis, the levels of the gene(s) in one cell
(e.g., a test cell) are compared to the expression levels of the same genes in another cell
(control cell). A wide variety of such comparisons can be made. Examples include, but are
not limited to, a comparison between healthy and dis‘eased cells, between cells from an

individual treated with one drug and cells from another untreated individual, between cells
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approaches. In 10 these nethods, it is generally sufficient to obtain a
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than one nonjext eggﬁlgieeprggﬁgtgot | gE‘CI S | n&] uded), and polynerase are
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Publi cagh 0 MO i fherRTckRids defiD8a HSAGHL SRNA ?rgnsc%lplt@)nls ok)%/alne%. A nucleic acid

derived from an mRNA transcript refers to a nucleic acid for whose synthesis the mRNA

transcript or a subsequence thereof has ultimately served as a template. Thus, a cDNA
reverse transcribed from an mRNA, an RNA transcribed from that c¢DNA, a DNA amplified
25  from the cDNA, an RNA transcribed from the amplified DNA, are all derived from the
mRNA transcript and detection of such derived products is indicative of the presence and/or
abundance of the original transcript in a sample. Thus, suitable samples include, but are not
limited to, mRNA transcripts of the gene or genes, cDNA reverse transcribed from the
mRNA, cRNA transcribed from the cDNA, DNA amplified from the genes, RNA transcribed
30  from amplified DNA.
[157] In some methods, a nucleic acid sample is the total mRNA isolated from a biological
sample; in other instances, the nucleic acid sample is the total RNA from a biological sample.
The term “biological sample”, as used herein, refers to a sample obtained from an organism

or from components of an organism, such as cells, biological tissues and fluids. In some
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of the %kag.rﬁﬁ% h@@ﬂxg?eagjce;pw febakibY p{:b%ess of Chomczynski, P. described in U.S. Pat.
20  No. 4,843,155.

[159] In gene expression analyses utilizing the devices that are described, a significant

factor affecting the results is the concentration of the nucleic acid in the sample. At low copy
number, noise is related to the square root of copy number. Thus, the level of error that is
deemed acceptable governs the copy number required. The required copy number in the

25  particular sample volume gives the required DNA concentration. Although not necessarily
optimal, quantitation reactions can be conducted with an error level of up to 50%, but
preferably is less. Assuming a 1 nanoliter volume, the DNA concentrations required to
achieve a particular error level are shown in Table 3. As can be seen, 1 nanoliter volumes
such as used with certain of the devices have sufficient copies of gene expression products at

30 concentrations that are workable with microfluidic devices.
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sanpl es include sputum blood, blood cells (e.g., white cells), tissue or
fingsneedl e Bi opswisiay® es; urine, peritoneal fluid, and

[161] Because expression analysis typically involves a quantitative analysis, detection is
typically achieved using one of the quantitative real time PCR methods described above.
Thus, if a TagMan approach is utilized, the reagents that are introduced (or previously
spotted) in the reaction sites can include one or all of the following: primer, labeled probe,
20  nucleotides and polymerase. If an intercalation dye is utilized, the reagent mixture typically

includes one or all of the following: primer, nucleotides, polymerase, and intercalation dye.

D. Multiplexing
[162] The array-based devices described herein (see, e.g., FIGS. 1A, 1F, 2, 3A and 3B and

25  accompanying text) are inherently designed to conduct a large number of amplification
reactions at the same time. This feature, however, can readily be further expanded upon by
conducting multiple analyses (e.g., genotyping and expression analyses) within each reaction

site.
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20  site. Differentially labeled probes for each region are utilized to distinguish product that is

formed.

E. Non-Nucleic Acid Analyses

[165] While useful for conducting a wide variety of nucleic acid analyses, the devices can
25  also be utilized in a number of other applications as well. As indicated earlier, the devices
can be utilized to analyze essentially any interaction between two or more species that
generates a detectable signal or a reaction product that can reacted with a detection reagent
that generates a signal upon interaction with the reaction product.
[166] Thus, for example, the devices can be utilized in a number of screening applications
30  toidentify test agents that have a particular desired activity. As a specific example, the
devices can be utilized to screen compounds for activity as a substrate or inhibitor of one or
more enzymes. In such analyses, test compound and other necessary enzymatic assay
reagents (e.g., buffer, metal ions, cofactors and substrates) are introdﬁced (if not previously

deposited) in the reaction site. The enzyme sample is then introduced and reaction (if the test
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XI.  Fabrication

A. General Aspects

20 [169] As alluded to earlier, the microfluidic devices that are provided are generally
constructed utilizing single and multilayer soft lithography (MSL) techniques and/or
sacrificial-layer encapsulation methods. The basic MSL approach involves casting a series of
elastomeric layers on a micro-machined mold, removing the layers from the mold and then
fusing the layers together. In the sacrificial-layer encapsulation approach, patterns of

25  photoresist are deposited wherever a channel is desired. These techniques and their use in
producing microfluidic devices is discussed in detail, for example, by Unger et al. (2000)
Science 288:113-116, by Chou, et al. (2000) “Integrated Elastomer Fluidic Lab-on-a-chip-
Surface Patterning and DNA Diagnostics, in Proceedings of the Solid State Actuator and -
Sensor Workshop, Hilton Head, S.C.; and in PCT Publication WO 01/01025, each of which

30 s incorporated herein by reference in their entirety for all purposes.

[170] In brief, the foregoing fabrication methods initially involve fabricating mother molds
for top layers (e.g., the elastomeric layer with the control channels) and bottom layers (e.g.,
the elastomeric layer with the flow channels) on silicon wafers by photolithography with

photoresisf (Shipley STR 5740). Channel heights can be controlled precisely by the spin
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B. Devices Utilizing Blind Channel Desi

1. Layer Formation

25 [173] Microfluidic devices based on the blind channel design in which reagents are
deposited at the reaction sites during manufacture are typically formed of three layers. The
bottom layer is the layer upon which reagents are deposited. The bottom layer can be formed
frbm various elastomeric materials as described in the references cited above on MLS
methods. Typically, the material is polydimethylsiloxane (PMDS) elastomer. Based upon

30 the arrangement and location of the reaction sites that is desired for the particular device, one
can determine the locations on the bottom layer at which the appropriate reagents should be |
spotted. Because PMDS is hydrophobic, the deposited aqueous spot shrinks to form a very
small spot. The deposited reagents are deposited such that a covalent bond is not formed

between the reagent and the surface of the elastomer because, as described earlier, the
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reagent spotters and using a variety of established spotting techniques. Examples of suitable

spotter that can be utilized in the preparation of the devices include pin spotters, acoustic
spotters, automated micropipettors, electrophoretic pumps, ink jet printer devices, ink drop
25  printers, and certain osmotic pumps. Examples of commercially available spotters include:
Cartesian Technologies MicroSys 5100 (Irvine, CA), Hitach SPBIO (Alameda, CA), Genetix
Q-Array (United Kingdom), Affymetrix 417 (Santa Clara, CA) and Packard Bioscience
SpotArray (Meriden, CT). In general, very small spots of reagents are deposited; usually
spots of less than 10 nl are deposited, in other instances less than 5 nl, 2 nl or 1 nl, and in still

30  other instances, less than 0.5 nl, 0.25 nl, or 0.1 nl.

[177] The following examples ére presented to further illustrate certain aspects of the
devices and methods that are disclosed herein. The examples are not to be considered as

limiting the invention.
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o annor b artigh isJomie be ngyrnainei Bus HERShY ¢ 2 it ikt B aced "o
the bli Rde gAY Rke e i ihdluddditRO coRRY e SuRd Gayeflendsntddedying Balihgact i on

sites during manufacture are typically formed of three | ayers. The bottom
| ay@f i dayeh@24.aYky sealing layki T foomg e sidaptthg dlevsehenaels. Thee weltingilreger can

be f d f i | i teri i i
ot er ender SFIGH ShelEea P AresiRE e BB R iRy SRR Beali, i
pol ydi Mgl bl auang stifthéds)ineleases Mepinal Bagaetivigomindiklpde meveangeiperitioand

| ocation of the reaction sites that is desired for the particul ar device,
one carfragethsrbeitam efimicrafbadic dawicon0®.he bottom | ayer at which the

appropri reagept s shoul . P i i t he
depos « A0 HIG0EB et S mie yERP RGP doTBr BHAE O BehTaRKMAPRRB P22 ¢
r eagent sndbetHeRAsbL @Ansels ind fialrd shavwkiheshtrélondrd ayerdt20f devie: 700

consists of ten independent flow channels 702, each with its own inlet 708, and branching

blind channels 704, each blind channel 704 having a 1 nl reaction site 706. Device 700

contains a network of control lines 712, which isolate the reaction sites 706 when sufficient
pressure is applied. A series of guard channels 716 are also included to prevent liquid from

25  evaporating out of the reaction sites 706; fluid is introduced via inlet 718.

-IL Experimental Setup’
[181] A PCR reaction using B-actin primers and TagMan probe to amplify exon 3 of the -

actin gene from human male genomic DNA (Promega, Madison WI) was conducted in device
30  700. The TagMan reaction consists of the following components: 1x TagMan Buiffer A (50
mM KCl, 10 mM Tris-HCI, 0.01M EDTA, 60nM Passive Referencel (PR1), pH 8.3); 3.5-4.0
mM MgCl; 200 nM dATP, dCTP, dGTP, 400 nM dUTP; 300 nM B-actin forward primer and
reverse primer; 200 nM FAM-labeled B-actin probe; 0.01U/ul AmpEraseUNG (Applied



bet ween the reagent and the surface of the el astoner because, as descri bed
earlier, the WO 03/048295 PCT/ US02/ 38363 44 reagents are intended to

di ssol ve wp oBloegs29anpl e solution once it is introduced int®Crheo2/88631 on
site. [174] The other two | ayers of t4ee device are the Iayer in which the

flow ch a0 I r optionally
guard c gl%alrg%sft%odﬁgg A%Tﬂeseﬁfru?bgﬁ a e\ggrgl:}%mrge% szglca(i:ig ding to the
gener al om&mg-ﬁmoqwm salbouiel MO); 0 Bug/useelatlﬁrQCal’Ehxehemgesw Diego, CAap | ayer
structure is then placed on top of the first |ayer onto which the reagents

have beéd? el@%t@rqlé igne, Shdequis, MQy deignized H20 ped BBIRZsIPIHORNG. The t hree

(ot o P angriegf e resbiRL b e S BTRRRNY Ol R BRIPARERE oS iy KebaryBY S
and shi centtdly eCortfNédnRposk@BL4]) the ThgMah rbaﬁ:u@ﬂbbﬁlp@@ér@sj exbpeerest DNA t hat

ot her corrp05|t|ons and ratios of the elastomeric conponents can be utilized
as wel | wer¢ mgBidedin tash setofP(R soeiens. t he reaction sites are aligned with

t he dep ed.re such ..t hat n t he
opor opr 121 uleE ARG RAdyit ey ool QS SRRER] SeRliFlOR Ml LS D
four conmgmnsicRifluiiel@¥ice700 beaindh otldeidRhHi fgdchad & 4 hadl syhﬂ%e deposi t ed
reagents can be accurately aligned within the reaction sites utilizing the

f or egoi m@eigpamgﬁdl@éwvlthmhég@cp%swlm therbipsertrhintocthadiid wa gAY Thaction
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I ndi cat edtiredsimld chemgﬂammsmreacmomités o6 s fillee. Cartfol liass mz whe ﬁlhaaamtlon

site. 20 2. Spotting [176] .The rea Bents can be deposited utilizing any of a
nunber @EloBIzRAYAIT AN Pressuizcdie 5-2PPstalir all b theesemplssavars iopded ijaiheet y of

establ i E’l%i nix?e%%&' 76k, HEE! Pésglﬂfz%gﬁgﬁ‘t? iRines 704 w%{éu%ﬁ&e%to%ﬂ%tﬂ’?é vdiPRlapfan be

utilize e pteparat devi ces Tnc I n spotters, acoustic
spot t er gsol&d tienaatplestth clioPhPwellsoT0s, The gadrd ohomkBt116 vmraﬂﬁ-m fillkd wiét printer

devices, ink drop 25 printers, and cert.ain aosnoti c@p n%n Eé mpl es_ of
conter C|dﬁl°|11§fzeﬁ\)’%t¢ra%ﬂ@f%sé‘é‘i‘%eért% St sty nerakef ¢le b1 Rigted<onvhe r oSys
5100 (Ir tﬁfél”ﬂ gggq,g d
Ki ngdor’r)ﬂéltﬂgffﬁf'a y?n@ﬁerﬂoﬁg@gk @E@%ﬂ arEE% %@@Q 9 ack %‘frﬂad% g%?@% Kagé@ﬁh e
Spot Ar r alyerfrideydlere Viced fluidicdgyaeeciOf] wasvtheryt}m'mdﬂycmdoismgoin indabenipsardr e
dep05|ted usyally spots of |ess tﬂan 1 are deposited, in other

i nst anc&¥ Pfe?’s%’“ter'ﬁéﬁ’gr?@ stop therrpecyglipg pro in still 30 other instances,

l ess th log o ol owi e I

present 33 ﬁ Eir |tP32tr@*2 g%%ﬁéﬁﬁggo%%%??%f b{%e@ﬁgc’ I 1S
20 °C).

[184] 2. Three step thermocycling for 40 cycles (92°C for 30 sec., 54°C for 30 sec., and
72°C for 1 min) or; .
[185] 3. Two step thermocycling for 40 cycles (92 °C for 30 seconds and 60 °C for 60 sec.)
[186] MicroAmp tubes (Applied Biosystems, Foster City, CA) with the remaining reaction
25  mixture, designated Macro TaqgMan reactions to distinguish them from reactions performed
in the microfluidic device, were placed in the GeneAmp PCR System 9700 (Applied
Biosystems, Foster City, CA) and thermocycled in the 9600 mode. The Macro TagMan
reactions served as macroscopic controls for the reactions performed in the micro fluidic
device. The thermocycling protocol was set to match that of the microfluidic device, except
30 that the initial ramp rate was not controlled for the Macro TagMan reactions.
[187] Once thermocycling was completed, the control and guard lines were depressurized
and the chip was transferred onto a glass slide (VWR, West Chester, PA). The chip was then
placed into an Array WoRx Scanner (Applied Precision, Issaquah, WA) with a modified



devi ces and net hods that are di sclosed herein. The exanples are not to be

considered as limting the invention. WO 03/048295 PCT/ US02/ 38363 45

EXAVPLE 1wBiognad2986t rengt h Eval uations 1. Introduction 5 [PCTA]S02/38Bhe

purpose of this set of experinents wa¥ to denonstrate that successful PCR

reactions_can.be_.conducted with a m'crofékli q C %e i ce of. the, desi.gn set
orithizh

forth h&PBIG WRT AUOTSPerRSE IIFnsU ¢as MyRsure S xRN OMETISSIF g van
react i ORyavklengfisCBP8/5t0 M@@g)‘s@m@o lf/QHCH dnldr586/640M8 (PHsHeat dittiefléed
t he L process, d

;
device, fabricCated usin was designed and fabricated for

conduct i(BB1)hEhespeyi Softwererwisawbed to integeftiod flowestgnesdiartht micrbIf1Bidid A
h - ti | Vi f the device. . sh t ' 700
ol udodo%E pE sBR; 1 sl o ek pBRE iR PERRLeriE TR i ¢
| ayes 723gerk thef 3RAYLEDEGHE MBRIAR c L {@aawﬂ&?d;aieeﬂ‘ i bab beB%agfgﬁs the

control and guard”layers and an unéer ying sealing 15 [ayer 724.
seal i ng Taglven rédfiohar Fer amserticle! MactotEagMampadidvensingplesToe targs DNA mgré hr ee-

| ayer structure is affixed tqQ a.supstrate 72 i n this exanple, a slide or
cover st st e el efubedmhe bieohatutis by tbs Sesbbrrsta)

duct invi t j !
Conc 1t 04 8085 KA FURUONTAYY 200 v QRIS SR, ..,

m crof |l Ui di c devi ce ows-a schenmtic
of the fHAM/ BERamastel of the sdthples bptherF A2 PR2 @atemalf thé cotimle dhnsumsbssfilaeareéibs and

guar.d channgl. in contral /guard | aye 20. vice 70 consists of ten
7 Dendemdetnehach s stbropove B Fai B rhaRde 05, and br anchi ng
blind channels 704, each blind channel 704 having a 1 nl reaction site 706.

Device 700 contains a network of control lines 712, which isolate the
reacti odllsi t Resulde when sufficient pressure is applied. A series of guard

channel 6 ;are..al so i.ncl to.prevent |iquid ft. evapor at.ing,out of
Che T eadt¥8n BT S5eli e G (Artifh RS bemut st (B CA) o YRRl B Palast
Exper i megictionsSetdPA M/ PRY /GolfdR rit@RAGI11 0591205428 produdéd, cOmPhrci®s Maapdl TagMan
probe to anplify exon 3 of the (3- actin gene from human mal e genomi ¢ DNA

( Pr dfegd aqMagi reagtionnrptioses’ Ohddc tAdthongh trsuits weregwsitive, infisaseiziguahstraagt i on
Tri o HOM RGBT EBRAT SO PRL DO pabaane el gidbyAGme 10
MO 2GR1yihéradTdie t6 G hcredsddPtheAlBstabYli g pRo B8 En A Mnd Fesitind? tb @np@itgbspr i mer
and The standard Macro TagMan DyNAzyme concentration of 0.025U/ul was used in the
microfluidic experiments. This polymerase change to DyNAzyme produced
20 FAM/ROX/Control ratios of 3.5-5.8. The signal strength was improved, but it was difficult
to achieve consistent results. Because it is know that some proteins stick to PDMS, the
concentration of the polymerase was increased and surface modifying additives were
included. Two increased concentrations of DyNAzyme were tested, 8x (0.2U/ul) and 4x
(0.1U/ul) the standard concentration for Macro TagMan, with 100 pg or 10 pg of genomic
25  DNA per nl in the micro fluidic device. Gelatin, Glycerol, and 0.5%Triton-x-100 were added
to prevent the polymerase from attaching to the PDMS. The results of the reactions in the
micro fluidic device (chip) and the Macro TagMan controls are shown in FIG. 8.
[189] The microfluidic TagMan reaction ratios range from 4.9-8.3, while the Macro
TagMan reactions range from 7.7-9.7. Therefore, the signal strength of the TagMan reactions
30  in chip is up to 87% of the Macro TaqMan reactions. There was no significant difference
between 4x or 8x DyNAzyme. The results demonstrate that PCR reactions can be done with
greater than 50% signal strength, when compared to the Macro TagMan reactions, in the

microfluidic devices. The results have been consistent through at least four attempts.



reverse primer; 200 nM FAM | abel ed R-actin probe; 0.01U ul AnpEraseUNG
(Appl i ed WO 03/ 048295 PCT/ US02/ 38363 46 Bi osystens, Foster City, CA);

0. 1-0. 2U/wb iBpMrey e (Fi nnzyme, Espoo, Finland); O0.5%ri temrusSo2/88363 Si gna,
St. Louis, MDJ; 0.8ug/ul Celatin (Cal48i ochem San Diego, CA); 5.0%

G ycerol (Sigma, St. Louis, M) ; deionized H2O and nal e genom ¢ DNA. The
conponents of the reaction were added to produce a total reaction vol une of
25 1. Negative 5 controls (Controlgxammased of all the TagMan reaction
conponents, except target DNA were 1ncluded in each set of PCR reactions.
[182] Once the TagMan reacti on sapgitiegReagFntontrol were prepared, they were
injected into mcrofluidic device 700 by using a gel |oading pipet tip
attached to a 1 m syringe. The pipet tip was filled with the reaction
san@l es; and Redudilenerted into the fluid via 708. The 10 flow channels 702
were filled By manual Ify appl yi ng backpressure to the syri rgﬁcﬁnti{. all the
entire BPOhdThshampedent fignexpetimeatives Orilegionssato serceRs S%?ﬁtff R EFPPH i nes

712 were filled.with . deionjzed. s : . kmafi t
T e it I BRIAR A 120 AR ElAeg hopbeRGy bpbah
press ur&%ﬁ}étsqqﬁéatg@hts! (RS ohlsubeti e fnt isaheatassanbled sebedomevmitada and

isolate the sanples in the 1 nl wells 706. The guard _channels.716 were then
filled microfiidicalsvissi 28 smeérre%tsrﬁr%s@m%%ﬂgéﬁ@gﬂ‘epfgﬁge%f“ﬂ?étfl%ﬁ oi | (15

ul). (Si gma. s _pl.ace he flatplate of a thernocycler and then the
mc ng @ﬂg%@“%@@?@@ lgggr&g ‘ass 700 was placed on the thernocycler. Mcro
fluidic device 700 was then thernocycled using an initial ranp and either

a three-step or two-step thernocycling profile: [183] 1. Initial ranp to 95
C and nHi nt aPrectdire1 minute (1.0 C/s to 75C, 0.1C /sec to 95 20 C). [184]

2. Three ste the&bgi&%glo';:ﬁgageg{s 40 cycles (92C for 30 sec., 54C for 30
sec., and 7 fo . . [185] 3. Two step thernocycling for 40

cycl es (193] CRbafins3osanostisagents v performedtiasoniact frir8si iwesssh ARpRZEDSes
(Applied Biosystens, Foster City, CA) wth.the remaini reacti

b L1 eerte PR SEbosate  S AFALDiED 201 ST ER O Comerhe s, Pl
reactiops Iy ' ishfheteRd IMBIG. ! A glibwn) rédpentsene Anp
PCR Sys Oe%agéfggﬁ%%ﬁifeh&g] i J@@rg%gis%{gt er G Elé;l CA) and ther m)cdyggl ed in

t he 960 emgiekedhiefrdmer wuiedkizn micesitdriptaies)sadithen printediby byegips thedaredol s
for the reactions perfornmed in e mcro fluidic vice. cycling
pr ot ocoPiniae eastact Withdhe gﬁ’lsﬂ'étte' g?‘et“ﬁéh AR Fﬁ?ﬁlﬁf %a@%%%{)}?%ede-@g%%lg? £t%% t hat
the ini tfé)l?dwe{dad'g)varcﬂﬁﬁ Me5gNThe SR Akddad pridk tHelteagddiCdpotshiaq Guntesieact i ons.

20 Technologies MicroSys 5100 (Irvine, CA), employing TeleChem “ChipMaker” brand pins,

although other systems can be used as described supra.
[192] Pins employed are Telechem ChipMaker 4 pins, which incorporate an electro-milled
slot (see FIG. 9) to increase the uptake volume (and hence the number of printable spots).
Under the operating conditions employed (typically, 75% relative humidity and temperature
25  approximately 25 °C), in excess of one hundred spots were printed per pin, per loading cycle.
Under the conditions above, the volume of reagents spotted onto the PDMS substrate is on
the order of 0.1 nL.
[193] The dimensions of the pin tip are 125x125 ym. The final spot of dried reagent is
substantially smaller than this (as small as 7 pm in diameter), yet the pin size defines a lower
30  limit to the readily achievable spot spacing. The achievable spacing determines the smallest
well-to-well pitch in the final device. Using such a device and the foregoing methods, arrays
with spacings of 180 pm have been achieved. Arrays built into working chips tend to have

spacings from 600 to 1300 microns.



[ 187] Once thernocycling was conpl eted, the control and guard |lines were
depressurized and the chip was transferred onto a glass slide (VR West
Chest er, WwA)3/0f4e5chip was then placed into an Array WRPCSamnnss363 Appl i ed
Preci sion, Issaquah, WA) with a nodi f4%ed WD 03/ 048295 PCT/ US02/ 38363 47
carrier. The fluyorescence intensity was rr,easullied for .thr egedi fferent

WH

exci t at (194 SptERSWaS JRRAISEIEAIRE OnmiB k3 Himem [he Axgtemdn §5% W@ , and
580/ 640 i ) dine N (S; : was used to
"mge. (HE TP sl Eah BLGERGEe wh D) dips, iy A B PR YA 12, 12

si gnal @n@nfiaakef @iad20x05 ens) takessunder £adhutés.nl wel | . The results 5 were
then anal yzed using a Mcrosoft Excel file to calculate the FAMPRL ratio
for P -actin TagMan reactions. For conventional Macro TagMan, positive

sanp es for {arge 3 i ned using cal cul ati ons described in the
pr g{gocol pr o]t\%i dedhﬁ%%@%?&%g‘c@%&er (TagMan PCR Reagent Kit Protocol).
The si gab] sTheflowhndasntealllzyersaefibe BERdeviats agp dssembledddeoriRig toedtheo of t he
sanples by the FAM PR rati o, of e contyol.s., A successful reaction 10 was
o | necnartiah Miniogese e EI0E Sbeer MOCuoRbis HerEE AR i Hhfdsdhe S 1
Resul ts L L ,I@%) ' | | ERE-thitPPDAS A Ly,
CA) vvasd%é?g%l dl lh%@gény' r ac!'Elllle-(i)-’ra1agsu§§1)dcriEq Egﬁﬁpgﬁ&%}? ?glﬁj r at itogﬁ) gf 1$ 5-2.0
wer e pr@tHestpos@itpaicd:B of IRt isdfofhedeig Mpin-coating b blunk atlicos waferSarl thén 0.

Al though results were positive, increased signal strength was desired.
Thek®f opused frd0mminntes #58¢8r-d pol ymer ase was substituted with DyNAzyne

pol yner d b bant it 4 BEFIGR

Fos) ot aRosl  d bitel ok 36 ARRAHy el RIS el e e R oL et rat i on
of 0. 025dd¢s aswistavsee oriraagehespotting: dfattenind iof spotpareipmatedontd thesubsitajerer ase
change to DyNAzynme pradyced, 20 FAM ROX/ Cont r ol tios. of 3.5-5.8. The
Signal whicHsh] aBde DoVl ThareaseniiaRotd ior BER reaqtigns ki ekEes A8 ot ent
resul ts L1 4 BRPHELE I TI btk reh for Ml AeL: 11
concent Pl;%% ?%%B%ﬁﬁ% ??J“%BW%E@%E? in 21212261&}&61 d surref%ece nnqliefyi ng

addig i vesluwRretio bN B0 d3-ackisforwart @aisesd (EP)) 30 hvVa-actsrevtrsptithey (BRP)er e

tested, 8x (0.2U ul) and 4x 0.1U ul) the standard concentration for Macro
TagMan, awd 200 1B-pefiroprobe (Bsh). & serapieases ibis usplal todirther thine the ghemisiny Via ui di ¢

device. Celatin [ | ... and 59T ton- - Ve nt the
pol ymer Q%I"ecef“fr@mga’g? g‘%ﬁ{eﬁdmf(ﬁ“?'h@h n @%%&(t;}%%g 1}(@5@% ﬁ%ﬁoglg?%%@to ?%%ﬁi n the
m cro f kysk gimef @ }?‘r@bé 6rcRhtraftels bhteegMalcibQorTsligviiy hiphiet thah shanemsfhown in FIG
8. [189] The microfluidic TagMan reaction ratios range from4,9-8.3, while

the Macmactopeepiarecinsaciuearields eensistantlyrgopd resylts. Thesetoss, Sheespoftpdreage As
str 56' gt Qoﬁgen Qt%d -{631 Qelvgl Brdes %ﬁ& U %es the concentration of the macro reaction. Concentration

of the reagents is performed in a Centrivap heated and evacuated centrifuge and does not alter

relative FP:RP:Prb ratios. The increased spot concentration results in the correct final
concentration when the reagents are resuspended in a 1 nL reaction volume. Spotted reagents
need not be limited to primers and probes; nor must all three (FP, RP and Prb) be spotted.

25  Applications where only the probe, or even one of the primers, is spotted can be performed.
Experiments have been conducted in which the sample primer/probe sets spotted were
TagMan B-actin and TagMan RNAse-P.

[197] Following the spotting process onto the substrate layer, the combined flow and
control layers (i.e., layers 720 and 722 of FIG. 7A) were aligned with the spot pattern and

30  brought into contact. A further bake at 80 °C, for 60-90 minutes, was used to bond the
substrate to the rest of the chip. After the chip has been assembled, the remaining components
of the PCR reaction (described in Example 1) are injected into the flow channels of the chip

and the chip is thermocycled as described in Example 1.



30 in chipis up to 87%of the Macro TagMan reactions. There was no
significant difference between 4x or 8x DyNAzyne. The results denonstrate

t hat PCR weaswis2as can be done with greater than 50% si gralT/ts02/88363 h, when
conpared to the Macro TagMan reaction®, in the mcrofluidic devices. The
results have been consistent through at |east four attenpts. WO 03/048295
PCT/ US02/ 38363 48 EXAMPLE 2 Spotting Reagents 5 I. Introduction [1901
The purpgse ofestifie experinent was to denonstrate successful spotted PCR
reactions in a mcrofluidic device. The term"spotted” in this context,
refers t98]1hePGR mmetiensthayé beeraduccessifullyland sepehtabbyampefotmed sging dvicss where

The. spoltEiPH Ry DOdPETHHERGP) SLPIotbBBIobars AfePP UG R SR P LA o
r equsT eGron®h cRplih WIS rdation hds-bebl QR ALy berFRRBE i GoRh iRFRGEMY.S [1911

Routine spotting of reagents was pertformed via a contact printing process.
Reagent Shekpotigslreagrintkleaye ugsultedm suceassiud PCRawactmnses Hefined imExaiplei Ins, and

deposi t b nt act i the pins to a target syhstrate. This. printi

or boess Stecslif fapiotliivh BeTiitpratdytnad' S st Steformo it aplord up
froma source (e.g., mcrotiter plates), and then printed by bringing the

| oaded pin into contact with the substrate. The wash step consists of
agitation in deionized water foll daeAMRLBZAcuum drying. The systemused to
pri@ t he reagent spots is a, Cartezhan 20. Technol ogi es M croSys 5100
(Irvine, CA), enploying Tel eChem " CHePREREE" brand pins, although ot her
systens can be used as described supra. [1921 Pins enployed are Tel echem
Chi pMaker 4 pins, which incorporate an electro-mlled slot (see FIG 9) to
i ncr easd- t he Infseductionol ue (and hence the nunber of printable spots).

Under t pefatin ondi td ons. enpl oyed (typical | 5% rel ative humdity
and t el R ot 3P Bl th g Batiendt LIS Berndisids bR Roniie ot . ver e
print ed eppéridbis c@tbe t@AAERE ufili£ihe a mibh@RIdi¢ Bevieonditip aith asldeseibed he vol ume
of reagents spotted onto the PDV5 substrate is on the order of 0.1 nL.

[193F Therem. ifagpdly otheserrxppiiments veze designed 1o detgrming éf repgiions serstuctstl inr i ed

t 4 t ant ial | |Ler than thi N 7m.ip_dianeter),
et Ut ne B Ao SR EBhiice! sSBlu md 5 Prct¥ ok Afer Rncrie' s, Bedd ' Shb
spaci ng.actiheadbbipetoRh&l iIBRBE midoAGHRY ddvites t he smal | est

II. Methods/Results
20 A, RNase P Experiment

[200] RNase P TagMan reactions (Applied Biosystems; Foster City, CA) were performed in
a microfluidic device as described in Example 1 to demonstrate that other primer/probe sets
produce detectable results. RNaseP reactions also require a higher level of sensitivity
because the RNaseP primer/probe set detects a single copy gene (2 copies/genome) in

25  contrast to the B-actin primer/ probe set. The P-actin set detects a single copy f-actin gene
and several pseudogenes, which collectively total approximately 17 copies per genome. The
RNase P reactions were run with the same components as described in Example 1, with the
exception that the B-actin primer/probe set was replaced with the RNase P primer/probe set.
Further, the RnaseP primer/probe set was used at 4x the manufacturer’s recommended value

30  to enhance the fluorescence signal. The VIC dye was conjugated to the probe for RNase P
and the analysis focused on VIC/PR1 ratios. The results of one of four experiments are

+ shown in FIG. 11.



well-to-well pitch in the final device. Using such a device and the

foregoi ng nethods, arrays wth spacings of 180 m have been achi eved.
Arrays buwbtosiomg2es wor ki ng chi ps tend to have spacings fr ecra®02/883631300

m crons. WD 03/048295 PCT/ US02/ 38363 5149 [ 194] Spotting was done using only
one pin at a tine. The system.in_ use, however, has a pin head which can

accommiRte The VICER Y Castrolmaiion fonfiedMagra TaaMangractionhats L& rg  di nensi ons
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accor di mye kAiok ¢ thegnohlic PNA ginglesia themtdrbheidicadurice. ard o veities 99% ui di ¢
device design is the sane as the one described in Exanple . 1. In parallel,
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prinmer (FP), 300 nM (3-actin reverse priner (RP), and 200 nM (3-actin

probe (Prb). In sonme cases, it i.s useful to further tune the chem stry via

coné@ntrati n@-the%@iﬁ%ﬁ_é@&ﬂ@&@t has been found that adjusting the

concent g;z%;g] OHR fﬁHﬁ& adiiftindtht @&fsitﬁn@ &rﬂgﬁxame&%hg 81 the BiicRNG;dRIRYice 0, OF
rgher 't macr ds

slightl an, the nornma oscopl ¢ recl pe val ue yi el

consi st dilidiynsaFeensRLDNA wdieaestddising thh §-spiatpriacbripectpeset. Reactidh
concentrated to be 3 tines and 4 tines the concentration of the macro
react i oROMPETitieR WereigsAcrally cemposed 45 dpcsibed inniranapled gsing 4x Qﬁ@ﬁg?mﬂlqﬁeat ed

o eno et AShElIR AT hARARAONA LAl aildied Bl 675 BERE iR | 05, The

i ncrease ncentratiron r e correct concentration

whenst heofreeadd ® appeoximatebpk ocigdpdrml. aTe rekult ofaid dilution|series. is Spoyirt wd
reagents__need not be limted to priners and probes; nor nust all three
(FP, RPF3Hdl%rb) be spotted. 25 Applications where only the probe, or even

one of theyp Av%?{:d?\n% iSa P&ngﬁﬁﬂstﬁﬁﬂti&e 3P Srh Rl nu@ﬁ@le%f WEN hoffAR been

conducted 1'n e sanpl'e priner/probe sets spotted were TagMan
( 3- act i mepative TAthvmnerad\seagd? nunberis orel Moall mynbdreSspaid 7 ag helayctes onto t he

B oSSR LS S P P Y Bl = 720

20  reactions in micro fluidic chip can detect an average of one copy per nl. Therefore, the

sensitivity of the reactions in the microfluidic device is sufficient to perform genotyping

experiments.

C. Genotyping Experiment

25 [204] Because TagMan in the microfluidic device is capable of detecting low target
numbers, preliminary testing of SNP (Single Nucleotide Polymorphism) genotyping was
performed using the Predetermined Allelic Discrimination kit (Applied Biosystems; Foster
City, CA) against the CYP2D6 P450 cytochrome gene. The kit contains one primer set and
two probes; FAM labeled for the wildtype or reference allele, CYP2ZD6*1, and VIC labeled

30 for the CYP2D6*3 mutant or variant allele. Positive controls, PCR products, for each allele
along with genomic DNA were tested in the device using the same conditions as described in
Example 1. The results from one experiment are shown in FIGS. 13 and 14. The experiment

has been repeated at least three times to validate the results and to demonstrate reliability.



30 brought into contact. A further bake at 80 C, for 60-90 m nutes, was
used to bond the substrate to the rest of the chip. After the chip has been
assenbl edwotohm4s2e3rai ni ng conponents of the PCR reaction (Pdagawsor/bssd3 in
Exanple 1) are injected into the flow2channels of the chip and the chip is

th d d ihed. e 1. 48295 PCT/ US02/,38363. 50
T redahds Aseitiegitolt oAb Raluen. EY PO L SEihps AAe e seionin |
per f or NESN A1 0®p &8N ifEEsucel 8h GverBEd VRI/PRA ATMUrA0G RSV MdSE2 RbdpBfivdly,and
probe nol ecul es aré spotted. An exanple of data 5 froma chip’in which a

r eact i onndigatinggbat the gerwait N A wae positive tbritke ENBRR6F h WHIdIype 6llele.THess pot t ed

t | ' ful PCR ' def i ped A le 1.
Successiales B oo e ntrn g HRRE B HsseacionS The SESy Hhetdhal S qy™™ ©
t her BDC \edckiBas Y tAE i SoSluidie @Vt eHis 39%1dhd @9 b e Miacrd TadMh @tedls,on [ 199]

The purpose of the foll ovvigg experinments was to denonstrate that genotyping
exper i megspsciteply. Bd-Z Ghilrle 2dYBEDPT T mmtpnhonvariaot allgle)i whighwshewd be negitivesuch

as descr.i be herein. Specifical t he eri ts we esigned to
ot er m i o VI HnEh Shoni b tesital vens it o oD RD Bt ERORE “sner i vi ty
and to eNfwseerdddaéakiidiato Mk iVIEr dhfusddof fRtdetechR STiEBakage cas bé MiniéAredde
performed in the mcrofluidic device. Il. Methods/Results 20 A. RNase P

Exper i ne¥ith fppmrovredadaeqionpinaess- r eact i ons (Appl i ed Bi osystens; Foster City,

CA) wer rf (0.8 1 i di i i ' 1to
domdliot 208 (THERE: hiicfls (Ol ot B AR RRITC B BF 1D GBI e
RNaseP r3gagbf the Mars Tafleldt isigBalband ahbes the@uRhlatdd theslsdld it (sec PES.AUSeThére

RNaseP primer/ probe set detects a single copy gene (2 copies/genonme) in 25
cont r astgepemichampiesarere gegativedey thy Dok mitpt allgleaen pxpegied repuitesincs the
single - | * ( I e e |V t ot al
appr oxi %@F@W@%ﬁ%&ﬁg e?ggglﬁ ggr/rg)&ﬁﬁ%gﬁj’ ﬁ%ﬁggﬂgﬁjﬁl te%.@%el 1('% ﬁgﬁ%eﬁgﬁéeuoﬁl tP\/{\51i th

t he saneAlenIChEObSims thdaSAN dhathndl of healepdceorl Ovetallnthel 8NP dotetiohiresctiohat t he
(3-actin prinmer/praqobe set was replaced with the RNase P priner/ probe set.
Fur tiRer ,Werp sugessssdpn Shs msroiipidicadedie. was used at 4x the manufacturer's
recomended val ue 30 to enhance the fluorescence signal. The VIC dye was
conjugated to the probe for RNase P and the analysis focused on VI PRL
ratios. The results of one of four EXAMBLBE4Hts are

Verification of PCR by Gel Electrophoresis
L Introduction
20 [207] As an alternative method to prove amplification of DNA was occurring in the
microfluidic device, an experiment to detect PCR product by gel electrophoresis was
performed. PCR reactions compositions were as described in Example 1, except the TagMan

probe was omitted and the $-actin forward primer was conjugated to FAM.

25 1L Procedure
A, Microfluidic Device

. [208] A three layer microfluidic device, fabricated using the MSL process, was designed

and fabricated for conducting the experiments described in this example; FIG. 15 shows a
schematic view of the design. The device 1500 generally consists of a sample region 1502
30 and a control region 1504, Sample region 1502 contains three hundred and forty-one 1 nl
reaction sites 1508 represented by the rectangles arrayed along flow channel 1506, which
includes inlet via 1510 and outlet via 1512. Control region 1504 contains three control flow
channels 1514 each containing ten 1 nl reaction sites 1518, also represented by the rectangles

and an inlet via 1516. A network of control lines 1522 isolate each reaction site 1508, 1518



shown in FIG 11. WO 03/048295 PCT/ US02/ 38363 51 [201] The VI PR1/ Control
rati os for the Macro TagMan reactions are 1.23. The corresponding ratios
for the TaoMam4s2emctions in the mcrofluidic device are 1PCI/znzi388621. The
rati os of the genomi c DNA sanples in 33he mcrofluidic device are above the
99% co soat ] e TagMan
reacti Oiﬂeﬁﬁﬂﬁﬁé&gf)ﬁ%g\?g% %ﬁc}%t d]5 \i/{:‘:rt ggelﬁsz 4 &/S egfr?geggu a? /szg #%ﬁelgmtg}r%o TagMan
r eact i omscludeidgo @mvlenblhqu'fdu&bhrevapmamlg omsofitine tehetion giteol 508, d5T8.dfhei deeicBave
standard dev i ong af 12, deponstratin consi stency in the
reacti on$? ﬁ‘f?"o A %Vlﬁ?%sr SF’]%EH%C}P xgepleck(seq ﬁ@e@cﬁ‘gr eleptqesc}%’fsé’)ri%ﬁeﬁed t hat
the Taqlggfba[@&@{,ghgns in the chip are sensitive enough to detect 2 copies
per genone. 10 DNA Di | ution Experinment [202] To further determne the
sensbtivity of Taql\/an reactions in the mcrofluidic device, dilutions of

genom ¢ DNA were st ed us'g the (3-actin primer/probe set. Reaction
conposi tions re%@ﬁ%ﬂ@ﬁ%—%&posed as described in Exanple 1 using 4x
DyNAzyn;z@]d Mfékdfh‘ﬁdll@ aRviek 19@1\99; Ba%dﬁﬂ&&%g %ﬁs@&evsa&n&q d down to

0. 25 whi ch 15 corresponds to approximately 1 copy per he result
of one qufdb deseribed incExdngpls hoviihe lremaﬁin@reak;ﬁon[sﬂﬁﬁ]]e wasdherdioogcledirathPoi sson

distrib f. t tt nunber of should ne ive if the
Cver nge deapRin HIhaur e st ep@pryetaseits os o Taawinidls devicy g0 ribe
cal qgl a&%tlb%ﬁﬂh@%%&%‘%%@&@d eha" tﬁemﬂ)%?éﬂd V\fgascc-[)l pp?et@d’ggg%c%véﬂﬁ& the

] 3-actin Tag n 20 reactions in mcro can detect an average of
one co pyﬂn‘mé led DNA e pledfovaer wisdnj es@dsntblsmnpgp inputtvie 1 §0ewdi Al ofiprothect

fluidic d f f e er,i :
Genot ypiiEGe ESSEH o Sult s Bt el fon oo ol Bk R APERsER ce 1 <
capabl e rgictigfweed frétfed Q%Qa}ﬂ %@ExoS‘NPil?r(gSBP CRivelha 3®H) byasiEh f&gzoﬁ{poscé\cP of
(Single Nucl eotide Poly phism genotyping was perf ormed using the

Pr edet el Adixonp¢ledsed amil §bnmmAd§alnmPhqspha(tasppﬂolreth owpstmvicotidesasr Gty

set 130a PRtge s ebrSbupiea Y DR . BTN R O ot prp RS i g™
CYP2D6* was daﬂyﬂ:Mb@ah@b@hgﬁn&H ﬂ‘normtdfqbl@}(m@@*S nmut ant or variant all eI e.

Positive controls, PCR products, for each allele along with genonm c DNA
were tested |n the devi ce using the sanme conditions as described in
Exanplelﬁ ﬁléults fromone experinent are showmn in FIGS. 13 and 14.
The experlne

[210] Both products, along with negative controls were analyzed, on a polyacrylamide gel.

20  FIG. 15 shows the gel electrophoresis results. The appropriate size DNA band of 294 base

pairs in length is observed in FIG. 16.

[211] The products from the Macro reactions are shown on the left hand side of the gel and
correspond to about 294 base pairs, the expected size of the S-actin PCR product. The
negative controls lack the PCR product. Similarly, the product derived from the device gave

25  the expected B-actin PCR product. Therefore, target DNA was amplified in the micro fluidic

device.

[212] It is understood that the examples and embodiments described herein are for

30  illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are incorporated by reference in their entirety for all purposes to the



has been repeated at |least three tines to validate the results and to
denonstrate reliability. WO 03/048295 PCT/ US02/ 38363 52 [205] As shown in
FIG 13, wbha3mks29s (Allele 1, CYP2D6*1 wild type allele) amdTgsazmsd3e3 DNA
(100 pg/nl) produced an average VIC/ PRl/ Control ratio of 3.5 and 2.2,

respect| i pek L that e.genom s positive for.the CYP2D6*
R o et ok B b0 b MG 80U oEDelcHPBRRET bt BcifPly e
react i omsd indivedsllgiedicstd R ibEorptratciagi¥eferdnceeacti ons in the
mcrofluidic device is 59% and 40% of the Macro TagMan control s,

respectively. Al-2 (Allele 2, CYP2D6*3 nmutant or variant allele), which
shoul d be negative in the VIC channel, showed sone signal over control
(1.5), possibly due to FAM fluorescence |eaking into the VIC channel of
the detector. The | eakage can be minimzed wth an inproved detection
process. 10 [206] The Al -2 positive control gave an average FAM PR1/ Contr ol
ratio of 3.0, which was 37% of the Macro TagMan signal and above the
calculated threshold limt (see FIG 14). The genonm c sanples were
negative for the CYP2D6*3 nmutant allele, an expected result since the
frequency of the CYP2D6*3 allele is low. Again, it appears that there is
sone | eakage of the Al-1, VIC probe into the FAM channel of the detector.
Overall, the SNP detection reactions 15 were successful in the

m crofluidic device. EXAMPLE 4 Verification of PCR by Gel Electrophoresis
1. Introduction 20 [207] As an alternative nmethod to prove anplification of
DNA was occurring in the mecrofluidic device, an experinent to detect PCR
product by gel electrophoresis was perforned. PCR reactions conpositions
were as described in Exanple 1, except the TagMan probe was onmtted and the
[3-actin forward priner was conjugated to FAM 25 |1. Procedure A

M crofluidic Device [208] A three |layer mcrofluidic device, fabricated
using the MSL process, was designed and fabricated for conducting the
experinments described in this exanple; FIG 15 shows a schenmatic view of

t he design. The device 1500 generally consists of a sanple region 1502 30
and a control region 1504. Sanple region 1502 contains three hundred and
forty-one 1 nl reaction sites 1508 represented by the rectangles arrayed
al ong fl ow channel 1506, which includes inlet via 1510 and outlet via
1512. Control region 1504 contains three control flow



channel s 1514 each containing ten 1 nl reaction sites 1518, al so
represented by the rectangles and an inlet via 1516. A network of control

| i nes 152R0isoksab® each reaction site 1508, 1518 WO 03/ 04@29H7502/38363

PCT/ US02/ 38363 53 when sufficient pr¥ssure is applied to inlet via 1524. A

series QFHQ o l.s. 1520 are included to prevent liquid from

evapor a lﬁé%L I action sites 1508, 1518. The device is a three-

| ayer device as descri beidrofiliiRaeYRe lconsRRidpt G 7A). The entire chip is
placed onto a coverslip. 5 B. Experinmental Setup [209] M crofluidic device

1500 was | oaded affd therdleveshenne fomieigvithio a@ clastqmesristroaterialpr of i | e descri bed

in Exanple 1. Th i 0 NGk | | t.h led jin,t
Genoamp 9700 wi th(Dhe. SN B RS BeR BT g BBt FeBou MY Botevi ce
1500. Teiemiel, withed region D @EHCHImdWRIVE clig eVdstchedd feétidd@ferocycl i ng was

conpl eted. To recover the anplified DNA, 3 | of water was injected into
sa e input via 1506 and 3-4 | of product were renoved fromoutlet via

1512. The reaction pro : i ce Q r reaction were
treated with 2 Al Zof Exqﬂéé)t-{ﬁ”ﬁﬁﬁﬂg%\{}‘% "eﬂf%@n@%%%ﬁﬁéﬁg °8° RoW8Esed of
DNA  Exoteittod esahnklsaverlSfing and Altdesdcting efihasitheblsEflow ChaRishy ¥hereheHs
nucl eotides and 15 prinmers. The Macro product was diluted from1:10

t 01: 106¢lastA@eRs BRI ang SSRGS theonesyanorgsentael whamslsiomile blins@ownded in 4l

f formgig . 3 . ' '
go nt ?{)I S we‘?lg ag%\dgwlg%ggé%%’ gl?eéeg:%sygg%}ﬁ Iﬁ%ﬁ%[ 59% %g}s})géeggg P}é‘g\%ﬁﬂ&@ﬁ%‘ Vret he gel
el eld r opithdresinsrom she Blind {Idwe chapebipregotssioza dhAtibafdcal 294 base pairs

inlength is observed in FIG 16. [211] The products fromthe Macro
reactions are shown on the |eft hand side of the gel and correspond to

about 294 base pahrs, Lze : - Ln.. act .~ The
negative control SB] ack&?ﬁgﬁéggﬁ%@g%%%%O%lﬁ%ﬁﬁhgrf{]%&?higgggggaﬂﬁg@&io\ﬁed from
t he devguad ghameBTFotrhed withimche dlat8marit matdr{aRapd ovhilayingfheflow@heannel ar get  DNA
was anplified in the nmicro fluidic device. [212] It is understood that the
exanpl e&™ ‘Pfoone’?r%@éﬁrﬁﬁg%}? IGdIRiSHeY herein are for 30 illustrative purposes
onlys and that various nodifications or changes in |ight thereof will be
suggested to persons skilled in the art and are to be included within the
spirit and purvi ek of Thhinscafpldicddvianfabdnsk; dptharfconlpesiappaedenioesd ai ns.

Al'l publications,. pat S n atent .
P reagents 8epos1tgcfl w1et£'11n éacﬁl o? th% reac?lon sites.

5. The microfluidic device of claim 4, wherein the reagents are non-

20 covalently deposited.

6. The microfluidic device of claim 2, further comprising
a plurality of guard channels formed within the elastomeric material and
overlaying the flow channel and/or one or more of the reaction sites; and

25 one or more reagents deposited within each of the reaction sites.

7. The microfluidic device of claim 1, wherein the flow channel is one of
a plurality of flow channels, each of the flow channels in fluid communication with multiple
blind flow channels which branch therefrom.
30
8. The microfluidic device of claim 7, wherein
the plurality of flow channels are arranged such that the flow channels are

substantially parallel to one another; and



applications cited herein are incorporated by reference in their entirety
for all purposes to the WD 03/048295 PCT/ US02/ 38363 54 sane extent as if
each i ndiwodaahs2publ i cati on, patent or patent applicati onpPeensoypsses fically
and individually indicated to be so ifcorporated by reference. WO 03/ 048295
PCT/ US02/ 38363 5 HAT .1 S Al .S: 1. A m.crofluidic device,

conpri sing: (a) a%f‘? Haws Wgﬁﬁg&rmirﬁqmawa@%@wmlwm al; (b) a
pl ural i tj;yteﬂéavlghimg“%g&&m%bﬁe}_n fluid conmuni cation with the flow
channel, with a region of each blind flow channel defining a reaction site.
5 2. The mcrofluidic device of claim1, further conprising one or nore
control channel s qQyverl ayi ng. and.i.nt.er.sect i, n ach of the blind fl ow

channel s, wherei n%an gﬁ?s‘&&ﬁ‘ﬂﬂ?‘bcﬂ%%‘? 3#1 a ga‘?’ r%%ﬁ@%@@fﬂ%re

cont 5ol calaRNerS irtérepiddRdRlitnshe dndther CRANAS! Rri@baPBCH: aﬁ&a%gtsteaap gthe

el astonmeric nenbrane di sposed to be deflected into or WLhdrawh £ om t he
bl i nd f tesweastinnsites via asdsgloide. to an actuation force. 3. The microfluidic
device of claiml1, further conprising a plurality of guard channels fornmed
within the elastoneric material and overlaying the flow channel and/or one
or nore of the regoti or!rh%irﬁi@ﬁ)ﬂuicﬁcﬂeviw@fa&iﬁ{ﬁf%’%&hc device of claiml,

further conprisi n(% one or nore reagents deposited within each of the
reaction sites. 5lherplaralityebflowichimeliepinpeisof cl ai m 4, wherein the reagents

areqpon- 20 coval ently deposj ted.. 6.. The n,crofl uidic device of claim 2,
fur tRer conprising a pl(ﬁr al iat%}urg}ltygclfé’rﬁgm@'ﬂ]gﬂ‘ﬁé’ Wgﬁ*ﬁ’é within the
el astomeric material anf) owejlbraliy HofiordthioNew BROGEs, Skl or@RG, O nore of

the reaction sites; and 25 one or nore reagents deposited within each of
t he readprignntalifiosschapnehindluid eqrampuication wish oneobthe yericat flow whamelsanthe f1 ow

h | f ' f .11 ow. ' h of .the fl I
1ot 0ol o o Bhtal Pl T AR PSR S o i

t her ef r oentical flow channels, whereby fluid can flow from one horizontal flow channel to another

15 horizontal flow channel via the vertical flow channels;

the branch flow channels are suﬁstantially perpendicular to the horizontal flow

channels.

11. The microfluidic device of claim 9, wherein the blind flow channels

20 that branch from adjacent flow channels are interleaved with respect to one another.

12. The microfluidic device of claim 9, further comprising a plurality of
guard channels formed within the elastomeric material and overlaying one or more of the
flow or branch channels and/or one or more of the reaction sites.

25
13, The microfluidic device of claim 9, further comprising one or more

reagents deposited within each of the reaction sites.

14. The microfluidic device of claim 7, wherein the plurality of flow
30 channels are isolated from each other such that fluid introduced into one flow channel cannot
flow to another flow channel, and each flow channel comprises a single inlet at one end into

which fluid can be introduced.



30 8. The mcrofluidic device of claim7, wherein the plurality of flow
channel s are arranged such that the flow channels are substantially

paral | el wo oafes2am0t her; and WO 03/ 048295 PCT/ US02/ 38363 PeG/usam3s3bs nd f 1 ow
channel s that branch from adjacent fl®w channels are interleaved with
respect to one angQthers, 9.. The.m crofl ukdi Vi of claim.7 in the
plurality of fl O\r}/%S ch’gﬁr{&c‘é&g‘l@%ﬁﬁ‘{lg‘? g%ﬂﬁﬁ%?@fuﬁﬁ?rﬁog e ar at%%frgﬂg{f?h t hat
fluid gagrdddahivls REhee tithil thed@tonedric hiteridlead biverayshd 5 ot Ao ofitieg! e

inlet. 10. The mcrofluidic device of claim9, wherein the plurality of

f1 ow cHiavet raedvghenses and/or gneprgnore of theyreastionsites.cal f1 ow channel s;  and
(ii) a plurality of horizontal flow channels, one end of each horizontal
flow channel in fluid commnication with one of the vertical flow channels
ands the ot her eng. of Hachichefiidiodeaice bf Elwint D4 fagther doniprising cemruivire at i on
wi th anot her one of the vertical flow channels, whereby fluid can flow

f r om oreageaisidenetiter withapcedhafils reagficifdfeher 15 hori zontal flow channel via
the vertical flow channels; the branch flow channels are substantially

per pendi cular to the horizontal flow channels. 11. The m crofl uidic device
of claim9, whereim tHEhdmicaskifiliowevioannelhiin 7 20hérehit eabh afitiie pluralityad] acent
fl ow channels are interleaved with respect tqQ one another. 1

! > . .The
mi cr of |figvarkanaelyhastver erdsathgpluralityof Hep conpsls aredsplaled ﬁepﬂaw}cgyﬂ@r suuar d
channel.g_fOr 1.5 0in.t Qggf' ' Lin or nore
of 61{6 he tﬁ?tl fg{\}v&%ﬁm@rl%%c tocﬂgenfgdg? gﬁ and/ dgﬁn %O%tﬂr%?%ggg Wteiﬂgﬁ%{ éelh%}d?égﬁhsi tes.
25 13. flde cidn@elofompribes al@létdecandd « leadhend, further conprising one or nore
reagents deposited within each of the reaction sites. 14. The mcrofluidic
device of claim?7, wherein the plurality of flow 30 channels are isol ated
from each other suych t g ih 35 OruPREr & SeiPDMakalBRE Ot
flow to anot her f#g(:iw c anrrﬁl{e%r@lgﬁ%r&ggggldfﬁgw‘gz’anlnel conpri ses a aslff?gl e
i nl et aguaech¢hagnels forireed witthin thef dlastenerdonmbterizlrindadaedeyng one or more of the’

15  flow or branch channels and/or one or more of the reaction sites.

19. The microfluidic device of claim 17, further comprising one or more

reagents deposited within each of the reaction sites.

20 20. A microfluidic device comprising an array of reaction sites having a

density of at least 50 sites/cm®.

21.  The microfluidic device of claim 20, wherein the array of reaction sites
are formed within an elastomeric material.

25

22. The microfluidic device of claim 20, wherein the density is at least 250

sites/cm?.

23.  The microfluidic device of claim 22, wherein the density is at least 500

30  sites/cm’.

24, The microfluidic device of claim 23, wherein the density is at least

1000 sites/cm?.



WO 03/048295 PCT/ US02/ 38363 57 15. The mcrofluidic device of claim 14,
further conprising a plurality of guard channels forned within the

el ast omerwo ogmise2ps al and overl aying one or nore of the fIlPowuso2/Bs3anch
channel s and/or one or nore of the re®ction sites. 5 16. The mcrofluidic

device of claim1l funther conmpri sing _one .0 nor reagent s _deposited
within each of th‘gsfr eaétllgl%ﬁo,fglfl@gevf?go'ﬁ‘ [emﬁg 8?%%?18?8%?%%%6\75&@%} Mlaim7,
wher ei neleaeieRt subdeate!ay WalidH &/re@fent Fdrwoneiameal sadtiag i§ iBmebilised.t he plurality
of flow channels are isolated fromeach other such 10 that fluid .

i ntroduced into one flow channel cannot flow to another flow channel, and

each flow channel ¢ Onpﬁ‘%:x? grlﬁ%%%idﬂlf cgetrvticjﬁoo%ﬁa%gl At whakth %%qea}é t %o;l/:&%}ses quar d

m crof | ui di c device of er conprrsing a plu

channel end @mewd redgentsfor endatigt HARVI¢c atidtaaiplidicatiditireastivn, ayi ng one or nore
of the 15 flow or branch channels and/or one or nore of the reaction sites.
19. The mcrofluidic device of claim17, further conprising one or nore
reagents depositeg-w t ki 3 ] } 1L.erof | uidic
devi ce conpri si ngQZin aﬂlgffﬁ gl%?l}l feafécc@%q’gcner@%?%@%é%%ﬁe%ﬂégg%m @n@rﬁgé’)gl east
50 si t eprims® poRinerddeandior baé buimdrecmatsotides. of cl ai m 20, wherein the array of
reaction sites are fornmed within an elastoneric material. 25 22. The

m crofluidic device of claim 20, wherein the density is at |east 250
sitgs/cnR. 23. Thggm c Lioes oo £ 'gn,% : rel Lty is
at least 500 30 g?t es?@é&ﬂh%?gl#ﬁgéﬁn&c%fl dgﬁi rc %ree\lll?vtc}grg% 8{%% ,§h
wher ei nntdigic deidgemhplates at | east 1000 sites/cnR. WO 03/048295

PCT/ US02/ 38363 58 25. A microfluidic device conprising a reaction site
formed wthin an elastoneric substrate at which a reagent for conducting a
reaction is i mobbyized ,28,a kAR dgivf;c@ogolﬂg;rgg@:devi ce of claim25, wherein
the reagent conprises one or nore readents for conducting a nucleic acid
anplification read)i ona first plurality of flow channels formed in an elastomeric substrate;

15 (b) a second plurality of flow channels formed in the elastomeric substrate
that intersect the first plurality of flow channels to define an array of reaction sites;
(c) a plurality of isolation valves disposed within the first and second
plurality of flow channels that can be actuated to isolate solution within each of the reaction

sites from solution at other reaction sites.

20
30.  The microfluidic device of claim 29, further comprising one or more
control channels that each overlay and intersect one or more of the flow channels.
31.  The microfluidic device of claim 29, wherein
25  the first plurality of flow channels are substantially parallel to one another

the second plurality of flow channels are substantially parallel to one another

and orthogonal to the first plurality of flow channels.

32. - The microfluidic device of claim 29, wherein each of the first plurality

30 of flow channels and each of the second plurality of flow channels comprise a separate inlet.

33.  The microfluidic device of claim 29, wherein at least some of the first

plurality of flow channels are in fluid communication with a first shared inlet and/or at least



27. The mcrofluidic device of claim26, wherein the reagent conprises a
primer, polynerase and/or one or nore nucleotides. 10 28. The mcrofluidic
devi ce ofwoloaions226, wherein the reagent conprises a nucl eca/iso2/sB3senpl at e.
29. A mcrofluidic device, conprising¥ (a) a first plurality of flow

channel sg t.e b ecan lurality of
fl ow chan@%gﬁﬂgk%gapﬁh%%m stcg%e%?eﬁégrgﬁ‘ggp#@@ﬁ?ﬁgﬁs‘m&wg} géﬁﬁo flhe first
pl ur al i tghaedd ihleaw channel s to define an array of reaction sites; (c) a
plurality of isolation valves disposed within the first and second
plurality of flow channels that can be actuated to isol ate solution within

each of the reacti 9‘{] SAt éth{)(ﬁ %pc ’Béllﬂ#lnggﬁ%}lal §1IS~I Ipfl‘g) giion sites. 20 30.

61g0ne or nore

The microfl ui di c device ai m
contrsol channel s tajt epmlwdw@ahwoﬁamld dﬁv@d@&ﬁh or nmore of the flow
channels. 31. The m crof| uidic device of claim 29 erein 25 the first

plurality of flow channé)s a?@"@’%ﬂ%ﬁt?T&lqdwlﬂ'aﬁénlel@ﬁtomﬁﬂ@ﬁ@atmﬁélm@r t he
second plurality of flo cha ot her
and orthogonal to the frﬁn)st g ura ?bﬁwﬁ%‘g&vﬁc@anngﬁglg@é%%at%nWﬁﬂ

m crof | ui di ¢ theviowechahnel| witmai @nd Mg@direoﬁbaehbhn@ﬂotvhﬁaﬁneﬂ &éﬁlﬁh%lﬁ@édchyn 30 of
fl ow channel s and each of the second plurality of flow channels conprise a
separate inl efis 33 The microfluidic device of claim 29, wherein at |east

SO f the first ur ajyitod ion

Wi trrﬁw; first shared’inl et alrllﬂgl%%tl lg%ﬁtlgggg% %@) %3%8%%%%gt%fﬁ%g§#3§%3 59
sone of the second(chl ur ddtettingef refdtimmw at banoehereasfahe reaétion sites.omuni cat i on
with a second shared inlet. 34. A net hod for conducting an anal ysis,
conprising: 5 (a) providing a mcrofluidic device, conprising (|) a flow
channel fornmed witd4n a t rﬁ’&% of

bl i nd fl ow channel 323 in }F}lﬁﬁﬁigg%%aﬁgg& g{rﬁth\%! %(11 ﬁléélh)atlaﬁ%;%gée éé]v(\e,i th an
end r egiigagant wathohthbiréastion sites. channel defining a reaction site; 10 (b)

i nt rl%duci ng at |east one reagent into each of the reaction sites; and

36.  The method of claim 34, wherein the at least one reagent comprises a
reaction mixture.
37.  The method of claim 36, wherein the reaction mixture comprises the

20  components for a nucleic acid amplification reaction and the method further comprises

thermocycling the reaction mixture.

38.  The method of claim 36, wherein the reaction mixture comprises the
components for an enzyme assay. -
25
39.  The method of claim 34, wherein the at least one reagent mixes with a

reagent deposited at each of the reaction sites to form a reaction mixture.

40.  The method of claim 39, wherein the at least one reagent comprises a
30 nucleic acid template and the deposited reagent comprises one or more components of a
nucleic acid amplification reaction and the method further comprises thermocycling the

reaction mixture.



(c) detecting a reaction at one or nore of the reaction sites. 35. The

nmet hod of claim 34, further conprising heating the at | east one reagent
wi t hi n t woreeaet2pdn sites. 15 36. The nethod of cl ai m 34, pamarse2/s83bhe at
| east one reagent conprises a reacti@®n m xture. 37. The nethod of claim

36, wherein the reacti m xt yr 0 ises t 0 conponents for. a nucleic
acid anplificatioftr eaﬁ ?@ﬁ%ﬁﬁ?ﬁ@gﬁét‘ﬁﬁ exp[}.ﬁ? ﬁéFaSEBﬁ%ﬁag@'Q COMREFYocycl i ng
the reagld mdte éBﬁi{)@nen%@of akR1BHANE %r@iiﬂ@itﬁin%é’&ion‘éﬁ@ {1 dbpblifed'reaseht On

m xture conprises the conponents for an enzyne assay. 25 39. The net hod of
cl ai m 3ebmpuises @nnclein @cil temphats andrtbe methpdfurthéncempwisesthermacyelirgthe deposi t ed
at each of.the. reaction sites to forma reaction mxture. 40. The nethod of
cl ai m 3GCHGIIPEYCt he at | east one reagent conprises a 30 nucleic acid
tenpl ate and the deposited reagent conprises one or nore conponents of a

nucleic acid anplification reaction and the method further conprises
t her nocycl i ng t he42.r ea€hé matheif glagm 3ROvbEEDMA8295 PCT/ US02/ 38363 60 41.

The met hod of cl aj,ms39, wher.ein th t l.east,one. reagent.c rises one or
more component s oﬁheéﬁ’%@}a&l@ 1%8?%°§41@Ha:1’1%6%€@%% cPaé’élggt %af?hé’ggpet & deposi t ed
reagent chaGRAPbHEIRE $n ﬂuﬂ%}rﬁh&ﬁ@&ioﬂv&i&ﬂﬂhﬂ Bod fidve cheinbrd further conprises

thernmocycling the reaction mxture. 5 42. The nethod of claim 34, wherein
the flow channel ths phirelityfofdlopl echaangls gregnterdopnedtesawitle pae arcilady sueh thak f | ow

ch el s..being in fluid co ni-gation. wi t.h l.tiple blind flow channels;
thgﬂgl uﬁ'é‘gicﬁﬁfggfnrﬁqd%}wgwgon%gﬁg fﬁ}eere?cﬁltoglﬁﬁgsnﬁg@tsélgﬁ%n?q&n’ one anot her such
that 10 fluid cafhelieldabitonederpeslt ik Mtodassdviathd dissle édef i on sites via a
single inlet; the at |east one reagent is introduced via the single inlet.

43. The method of claim42, wherein there are at | east 100 reaction sites.

15 44. The method,of chgl Mcfida BG4, HREkR AR 2 af 18AT 1 0d 1O RE! ON

sites.

15 44, The method of claim 43, wherein there are at least 1,000 reaction sites.

45. The method of claim 44, wherein there are at least 10,000 reaction

sites.

20 46. The method of claim 45, wherein there are at least 100,000 reaction

sites.

47.  The method of claim 42, wherein a first reagent is introduced via the
single inlet into each of the reaction sites and a second reagent is deposited at each of the
25  reaction sites, different reaction sites having different second reagents, thereby resulting in a

different reaction involving the first reagent at each of the different reaction sites.

48. The method of claim 47, wherein the different second reagents
comprise different nucleic acid primers and the at least one reagent comprises a nucleic acid

30 template.

49. The method of claim 34, wherein
the flow channel is one of a plurality of flow channels, each of the flow

channels being in fluid communication with multiple blind flow channels;



45. The nethod of claim44, wherein there are at |east 10,000 reaction
sites. 20 46. The nethod of claim45, wherein there are at |east 100, 000
reacti on weiisess29sl7. The nmet hod of claim 42, wherein a fiPst/usezgssnt i s
introduced via the single inlet inteleach of the reaction sites and a
second reagent is deposited at each of the 25 reaction sites, different

reaction sites havhapluglity ef Bow chamslsdire ssalpéas omeaedr etbor sugh that fluid i n a

di f ferent_react.i inyvol ving the figst. reagent, at .each of, the different
reacti o’r?ttr&d %@.l_nfl)i’g).ne%@l %aflﬁ%lcfaﬁm_ X %%1 eﬁﬁ@’ecihﬁn?aﬁ’e&&i fferent second
reagents conpri sit@dhéiag esipistslsepiate itirbhiciRy the aNadt bRe @éagbﬁtﬂﬁfo fpe
reagent conprises a nucleic acid 30 tenplate. 49. The nethod of claim 34,
wher ei nofthe plurdlity oh awedhankelpne of a plurality of flow channels, each of
the §1low channels being in fluid conmmunication with nmultiple blind flow
channel s; WD 03/ 048295 PCT/ US02/ 38363 61 the plurality of flow channels
are isol ated fronms@achTaé hethotudlzldiman, heteth | ntroduced into one flow
channel cannot flow to another flow channel; and introducing conprises
separat el y i ntrodadrstgegenbisdptroduged indp gachdlipyephamngbo each of the plurality
of flow channels. . t 1,049, I [ ] .eqgent is

i ntroduced into eg%ﬁg%)ﬁug\;};vggﬁﬁrﬁgﬁ (?C&&Iél%gclgc rll‘g'}]th\s@? egé‘?r?ﬁ?ﬂﬂgli éﬁnt{uﬁ%
comuni ggebhd®feageiththe aedonkl|reageatsatifferingCissply sdnreactionaitenth fhedgeminunidatios econd
reagents differing between reaction sites in fluid communication 10 with
di f F&r eWithdifdcyen ghagmelsht'r oduci ng conprises introducing first reagent
into each of the : : } i he
di fferent second ;’Jé’?gé‘g‘? g %@hﬁ%ersi@%Od&}@eﬁﬁ%g%ggnetg%ngzpl %gw&%%}l% t he
first reagent conprises a nucleic acid 15 tenplate. 52. A nmethod for
conducting an analysis, conprising:. (a) proyviding a mcrof]uidic device
conpri sing one or > reTPEEteﬁi‘%erfsC?“tl@ss,&’W W&_@é}gﬁf?rsw%?@rmﬁaﬁ sing a
first reagsale difitrefCRNGE b8 pRtheRNAVRE Firdt PlpehtTolPRiseLY ALAAE b¥id

15  template.

52. A method for conducting an analysis, comprising:
©)] providing a microfluidic device comprising one or more reaction sites,
each reaction site comprising a first reagent for conducting an analysis that is non-covalently
20  deposited on an elastomeric substrate;
(b) introducing a second reagent into the one or more reaction sites,
whereby the first and second reagents mix to form a reaction mixture; and
(©) detecting a reaction between the first and second reagents at one or
more of the reaction sites.
25
53.  The method of claim 52, further comprising heating the reaction

mixture.

54. The method of claim 52, wherein introduction of the second reagent

30  causes the first reagent to be suspended at the reaction site.

55. The method of claim 52, wherein the one or more reaction sites is an

array of reaction sites.



20 deposited on an el astoneric substrate; (b) introducing a second reagent
into the one or nore reaction sites, whereby the first and second reagents
mx to fowmoa/ossaxti on m xture; and (c) detecting a reactipon/user/sssen t he
first and second reagents at one or 6@re of the reaction sites. 25 53. The
met hod of claimb5 fueth o L S] heating the reaction. mxture. 54.
The net hod of cl alg?ﬁ 52%\9\%?%@%%%@0@&3&616?}?@?apﬁé’%ésc%ﬂ%cq?g&&@nt 30
causes hiydid, figd fifsERGSA! i Hrdagert Ws eineR6ts it NeudlgioatidARd $hd RcoRbPreaddi®

met hod of claim 52, erein the one or nore reaction sites is an array of

react i ol adtestewcleigzadd/ 048295 PCT/ US02/ 38363 62 56. The nethod of claim 52,
wherein the analysis is a nucleic acid analysis, the first reagent is a
reagent that interacts with a nucleic acid and the second reagent is a

tests nucl ei ¢ aci d575 5The hthdiRiftdimOs6, Ghatoih B anklysis & Andidléic agidl ysis is a
nucleic acid anplification reaction, the first reagent conprises one or

nor e r etigBlificatipgreachinn.ibe finy reagent eomnriseonsranergpeagenisdor emdpetingtthen and

Lhe seCalfei 338l fealo HEbRI LR s SIRLALE 1 ERHWIER o DREARM Urd Ber

conpri ses er noc Séecon agen hod of

cl ai m 5aethekdefighet cohprigaethermotyting ®iaciritand sedodd réfgeafd. array of reaction
sites; different nucleic acid anplification reagents are present at
different reaction sites; and the sanme nucleic acid tenplate is introduced

at c_h of t he reg&ti OFrhe tﬁddtcﬂ%?]aiélg%z,%reﬂ?t hod of cl aim52, _ wher ei n _the
analysis is a protein analysis, the rrst reagent is a potential protein

| i gand, and the second thsagantndrs reacties sitggioheimay @lrefddionkites;met hod of
claim59, wherein the po%enti al protein ligand is selected fromthe group
consi sting of a protei AIFtANEl | angplifiqafiopEeaggpis preprasent at diHsrerk
cof act Ofea @R fAzyme inhibitor. 61. The method of claim52, wherein the
analysis Is a cell analysis, the

the same nucleic acid template is introduced at each of the reaction

15  sites.

59.  The method of claim 52, wherein the analysis is a protein analysis, the

first reagent is a potential protein ligand, and the second reagent is a test protein.

20 60.  The method of claim 59, wherein the potential protein ligand is
selected from the group consisting of a protein, an antibody, an enzyme substrate, an enzyme

cofactor, and an enzyme inhibitor.

61.  The method of claim 52, wherein the analysis is a cell analysis, the
25  first reagent is a reagent that potentially reacts with the cell, and the second reagent is a test

cell.

62. A method for conducting an analysis, comprising

(a) providing a microfluidic device comprising an array of
30  reaction sites formed within a substrate and having a density of at least 50 sites/cm’;

(b) introducing at least one reagent into each of the reaction sites, and

(c) detecting a reaction at one or more of the reaction sites.



25 first reagent is a reagent that potentially reacts with the cell, and
the second reagent is a test cell. 62. A nethod for conducting an

anal ysi s,wooajpu#d23s ng (a) providing a mcrofluidic device ®CFIrSI%38363 an
array of 30 reaction sites fornmed wi@hin a substrate and having a density
of at |east 50 sitg@s/cr: | i . a r t. 1l nto ch of
the reaction si tesé,%' an?i?h e(rié?)l%%? g@?ﬁ?’%@%@ﬁ%ﬁ-}aﬁ& gr%ed% g;ﬁ%pngfraéi'egftfsﬂe
react i osites/traS§. WO 03/ 048295 PCT/ US02/ 38363 63 63. The nethod of claim 62,
wherein the array has a density of at |east 250 sites/cnR. 64. The net hod
of claim®62, wherein the array has a density of at least 500 5 sites/cnR.

0% o0 e, 01 B et b gttt e MRSl loemtl

1,000 sites/cn2. 10 66. I'ng an-anal’ysl's,

pr ovBdi sgesicmf.cr of | ui di ¢ devi ce conprising at | east one reaction site
which is formed within an el astoneric substrate and a plurality of guard
channels also forned wthin the elastoneric substrate; (b) introducing at

| east one reagent gsnt O_ﬁ%ﬁetﬁad bPQatnf 8% eiﬁitﬁeeaﬁi'ayjlﬁs(a.(ﬂ)enﬂ%fl(ag?ea%tlhe at

| east one reagent_w thin at |east one df the reaction sites; oW ng a
fluid tHiQ@tes/m’.guar d channel s before or during heating to reduce
evaporation fromthe at |east one reaction site; and (e) detecting a
reaction within the at | east one reaction site. 20 67. The nethod of claim

66, 1gherein introg4ci Nga ARd 5 8or % | Lcoacid tenplate into
the at |east one reaction si te,é%dg?{é Hfﬁ{é%ﬁsé{?%{ﬁ%ﬁgggd tenpl ate m xes
with one or nore fdakl eiprowding a mivpdffidic aevioa cormpidsing st latst bherattidresit one
reaction_site;. heating. conprises.thernocyc|]in he pucleic acjd tenpl ate
g S SN R G A SRR 3 A K
conpr i segiHig HREdsRiné et | ed product. 68. The nmethod of claim 67,
wherein the fluid is an aqueous solution. 30 69. The nethod of claim 67,

wherein the fluid (ks a ihiroduspipssileast onpreageat into each of the reaction sites;
15 (©) heating the at least one reagent within at least one of the reaction sites;
(d flowing a fluid through the guard channels before or during heating to
reduce evaporation from the at least one reaction site; and

(e) detecting a reaction within the at least one reaction site.

20 67. The method of claim 66, wherein
introducing comprises introducing a nucleic acid template into the at
least one reaction site, whereby the nucleic acid template mixes with one or more nucleic acid
amplification reagents at the at least one reaction site;
heating comprises thermocycling the nucleic acid template and
25  amplification reagents to form an amplified product;

detecting comprises detecting the amplified product.
68.  The method of claim 67, wherein the fluid is an aqueous solution.
30 69.  The method of claim 67, wherein the fluid is a hydrophobic compound.
70. The method of claim 69, wherein the hydrophobic compound is an oil.

71. A microfluidic device, comprising:



70. The nethod of claim69, wherein the hydrophobic compound is an oil.
71. A mcrofluidic device, conprising: WO 03/048295 PCT/ US02/ 38363 64 (a)
a cavity wbag/oiepart of a mcrofluidic network formed i nrPam/Gshassseneric
substrate; and (b) a plurality of guafdd channels overlaying the cavity and

separated from t cavj t.y- L6 [ wher.ein ch guard
channel is sized F@} toajéé’lﬁtgvﬁ\}ag%sp%ﬁ%ﬁﬁﬁtgl\}vgﬁg?@?ﬁ?%%ﬁa,lggﬂaﬁ?ﬁome%uch
t hat theugestiate;and a substantial reduction in solution flowin, out or
through the cavity due tqQ deflection of the nenbrane(s) upon application of
an actuation ford® t o amwraljiieieuarkshaands overlaymgdhel eapityeandfsepdratedifrom
wherein L [ . 3 i.ce. . .71,

whor oi n TEVETIY K eliidhner MnRRARE Stk Sadeual M 1 1o (F [N

wher &i n sbhdog damcthedetnoedls asd(il) shetvihatthereds sot SRbbiantidllrediction &f sdlgsh t han
50, 000 . 15 75. The device of clajm 74, wherein_the cross-sectional area
i s | ess HoMal. outr dreugh thergvitydue eigledtionroidhamembrane(p) apen apnlisation of an
Cross-s [ i n 20 1,000 n2. 77. The device of claim76,
wher ei n%t ggég?%ggt‘sag%% oirggl%ﬁaé{rngg'is |l ess than 100 n2. 25 78. A

m crofluidic device, conprising: (a) a mcrofluidic systemconprising one
or nore flow channgl s d/or, one or _nore reaction sites; and (b) a
plurality of guar (r}%cha I@VWQEFEW A Vheaeigithe %?Wtdilﬂﬁzl%‘%la@ﬁ*ﬁ(land
sepapated therefrom by el astoner, wherein the edge to edge spaci ng between
guard channels 30 is between 1 mto 1 mm 79. The mcrofluidic device of
cl ai m- 78, wherei nhe sheciengeiof clah Gkemhdreinthacaitydda neactdih ClRmAEB295

PCT/ US02/ 38363 65

74, The device of claim 71, wherein the guard channels each have a cross-

sectional area of less than 50,000 pm?.

15
75. The device of claim 74, wherein the cross-sectional area is less than
10,000 pm?.
76. The device of claim 75, wherein the cross-sectional area is less than
20 1,000 pm?.
77. The device of claim 76, wherein the cross-sectional area is less than
100 ;.Lmz.
25 78. A microfluidic device, comprising:

(@) a microfluidic system comprising one or more flow channels and/or
one or more reaction sites; and

(b) a plurality of guard channels overlaying the microfluidic system and
separated therefrom by elastomer, wherein the edge to edge spacing between guard channels

30 isbetween 1 pm to 1 mm.

79.  The microfluidic device of claim 78, wherein the spacing is between 5

um and 500 um.



80. The mcrofluidic device of claim79, wherein the spacing is between 10
mand 100 m 5 81. The mcrofluidic device of claim80, wherein the spacing
i s bet weewO 04048298nd 75 gm 82. The microfl uidic devi ce ofPCalso2B8363
wherein the reagent further conprise® one or nore of additives sel ected
fromthe group selected fromgelatin, glycerol 10 and a detergent. 83. The
m crofluidic device of claimb57, wherein the first reagent conprises one

or nore additives3@el eTheehitroftididdevidefiRlfil B vhdreid despadind isbetvidancer ol
and a detergent. 15 84. A conposition for enhancing an anplification

reacti ob0 pp and 190¢wf | ui di ¢ devi ce, conprising one or nore agents sel ected
fromthe group consisting of an agent that bl ocks protein binding sites on
an el astomeric substrate, an agent that reduces secondary structure in

nuclgi c aci ds, angagenthé RatrofIGAUCESidE STRIiMI wﬁaefeme_s?a&ﬁgﬁ%nﬁ&ﬂ 20
conplenmentary tenplate, and a detergent. 85. The conposition of clal m 84,

wher ei n4Q pm aadrifgent i on conprises at |east two of the agents. 25 86. The
m crofluidic device of claim25, wherein the reagent is non- covalently
i mmobi li zed. 87. The mcrofluidic device of claim25, wherein the reagent

is attached to t su ] L : ] i.di c device
Be SUBRE LAtBAMIAR EvideYrRlaim39, &Be eﬂr;'ﬁlg ;ﬂa%\%r %lék;xgﬂél

of claim87, wherein the linker Is a photolabifle I 8295

PCT/ USOXm383868 onGér 180re ditedditives sdfléatiediiremdbe groep eélectedinonBgelating ghyeierol t he

i nﬁﬁr i s, a, . thernolabile linker. 90. The mcrofluidic device of claim29,
fur erm@o%?t?@FWg a plurality of 5 guard channels overlaying one or nore
of the flow channels and/or one or nore of the reaction sites to prevent
evaporation of solution therefrom 91. The mcrofluidic device of claim 30,
wherein at | east 8bnme &henherofluidic device of claim 57, wherein the first reagent

comprises one or more additives selected from the group selected from gelatin, glycerol and a
detergent. |
15
84. A composition for enhancing an amplification reaction in a
microfluidic device, comprising one or more agents selected from the group consisting of an
agent that blocks protein binding sites on an elastomeric substrate, an agent that reduces
secondary structure in nucleic acids, an agent that reduces mispriming between a primer and

20 complementary template, and a detergent.

85.  The composition of claim 84, wherein the composition comprises at

least two of the agents.

25 86. The microfluidic device of claim 25, wherein the reagent is non-

covalently immobilized.

87. The microfluidic device of claim 25, wherein the reagent is attached to
the substrate via a linker.
30
88.  The microfluidic device of claim 87, wherein the linker is a photolabile
linker.



i solation valves conprise an el astoneric nenbrane that separates one of the
control channels 10 fromthe flow channel upon which the isolation valve

oper at es. WO 03/048295 PCT/US02/38363
66
89.  The microfluidic device of claim 87, wherein the linker is a
thermolabile linker.

90.  The microfluidic device of claim 29, further comprising a plurality of
5  guard channels overlaying one or more of the flow channels and/or one or more of the

reaction sites to prevent evaporation of solution therefrom.

91. The microfluidic device of claim 30, wherein at least some of the
isolation valves comprise an elastomeric membrane that separates one of the control channels

10  from the flow channel upon which the isolation valve operates.



