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Novenber 30, 2001. BACKGROUND [02] Rekent | y, there have been concerted
efforts to devel op and manufacture mcrofluidic 10 systens to perform

vari ous chem cal and bi ochem cal anal yses and synt heses, both for
preparative and anal ytical applications. The goal to nake such devices

ari ses because of the significant benefits that can realized from
mniaturization with respect to anal yses and syntheses conducted on a nmacro
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synthesis. 15 Additionally, microfluidic devices have the potential to be
adapted for use with automated systens, thereby providing the additional

benefits of further cCROSELBEFFRENCETO HEUATEIS APPISEATIONSEr rors because
of the reduction in human I nvol venment. Mcrofluidi ¢ devi ces have been
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various xgoqplications associated with the mcrofluidic devices that have

thus far been manufactured. For .instance, many of the current mcrofluidic
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to transport fluids in a controlled fashion through thé device. [04] Thus,
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systems, thereby providing the additional benefits of further cost reductions and decreased

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



versatility for use in other types of analyses as well. [05] Devices Wt
the ability to conduct nucleic acid anplifications would have di %MSA(,XV%OE
utilities. For exanple, such devices could be used as an anal ytical tool to
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(e.g., PCR) with 25 devices.that inglude one or. nore el astoneric valves to
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Chanbsl 5 efloF Maich Gaa: e P ateddn FaPlori als FSBE B P?nwf { Aesiredgup6in of each
blind fl &hannel defining a reaction site. The devices can also include
one or re control channels overlaying and intersecting each of the blind

flow channels, wherein an el astoneric nenbrane separates the one or nore

control channels from the blind fl ow at each intersection. The
el astoneric menbrane i n such devi ces Y 2006 WO 03/ 048295

PCT/ US02/ [651363A variety of devices and methods for conducting microfluidic analyses are provided
20  herein, including devices that can be utilized to conduct thermal cycling reactions such as

nucleic acid amplification reactions. 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 re gidn 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



3 disposed to be deflected into or withdrawn fromthe blind flow channel in
response to an actuation force. The devices can optional ly furtPSMAKZ0MRIe
a plurality of guard channels forned within the el astomneric g rial and
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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 [12] 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, (iii) 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
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with certain blind channel type devices involve providing a nicréM4aY3oes
device that conprises a flow channel formed within an elastonmeric material;
and a plurglity of blind flow channels in fluid communicati 1.4 h fl ow
channel , vﬁf)hﬂgéﬁg”@nd regi on of each bljnd flow channel def %%éo&m&%ﬁct I on
site. At |east one reagent is 5 i ntroduced into each of the reaction sites,
and then a&draﬂﬁﬁfséé).nMﬁhQ@ QldB6tedivitiNRriain BIRIdScHahnélGpe dQACs! ifVol9é %l%ﬁd.h?g]e
met hod can optionally include heating the at |east ofie reagent within tfie -
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conponents_fo .. hycleic . acid anplification reaction d_ then thernpcycling
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substrate and having a density of at |east sites/cn2. At |east one
reagent PEodugt.r oduced into each of the reaction sites. A reaction at one or

f t ites,is then detected...20 [16] Yet .ot hod
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guard channels also fornmed within the el astoneric substrate. At |east one

reagent nenicavalenti:depasited on ap elastomericsubsirate.i Hrregpndesagend is then intragduead

within the reaction tes. . A fluid is flo t hrQ e _guard. channel s
bt or 6 0P Tt FempleEaist it otherhy 5B A AR BEHR Rl A OBRA® 5
react i onrgdctibn nfixtu@ CAl refictinitetwednthe firstlafid SécoRndGesgontitdt Ofe oF hforé 6f the
subsequently detected. [17] Additional devices designed to reduce

evapd? at reastion sitesis qubsegrenthedaiesiédze are al so provided. In general, such
devi ces ¢ ri cavi hat .S rf of a mherof lui.dic network formed in
an' el act SR T Sl Bepfebal IR Ring s mrChEHR A B wA L ne
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channel in such 30 devices is sized (i) to allow solution flow therethrough,

and (ii) opac¢rgentis intredused intp gacheof the Eraction bitgs. e ieastipmat ane argnereiob ther | ow
in, out qr_ t.hr h _th V] due to deflection of the nenbrane(s) upon
appl i cat F%%hﬁgggslgé}?%aéﬁqsﬁgq{orce to the guard channels. Qther such

20 [16] Yet other methods involve providing a microfluidic device comprising at least one

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 isnota
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 ovﬁlaying the microfluidic system and separated therefrom by



devices include (i) one or nore flow channels and/or one or nore reaction
sites; and (ii) a plurality of guard channels overlaying the m c?¥IAYi 2006
system and seﬁar ated therefrom by 26 MAY 2006 WD 03/ 048293%@1}%%{ 38363 5
el ast omer YORUPBER t he spacing between_guard channels is b thto 1
mm In other devices the spacing is between 5 umand 500 m in other

devi ces | | : Vi pm
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The bl ockidig ' ' . .ed g ' L SLI of a
broter o 89 Tilod okt CHdRANRIGE il affiedtn Waltifn SRCORLHER 00 = 1
det er §enmicrefluidic 83cestdire Alsotpptvidédr Cataipich cohthositiont indhde diie Or Ghbredof theE
DRAWNGS [19]. FIG | A is a schematic representation of an exenplary device

with a miellowingean wnbthlatbhplsm@tqinh'g;dinmiie@an mﬁb?@@?:]wgnaf&ﬁakmﬁw channel s.
20] FI GS,. | B- Vi ' : ' in FIG
LA b neetdbol THEoBRnBRIER i LRENS spRolR o hebroly Corfabiof B A fothin' "

represeniag.l Félaﬁﬁ o BBUREN, seXk BPbeiNe forhrh @8Il (BSAgﬁVTE@détbﬁgfent déhnl Vel ST
guard channel's to reduce sanple evaporation. [22] FIG 2 is a plan view of
an exenpbuiyitas, iferexampltael device. [23] FIG 3Ais a plan view of another
exeng(lgary bl i nd channel device. 20 [24]. FIG 3B is a schematic
representation of a nore conplex blind channel device based upon the unit

of the general design deprIEFOESCRIFFIONOF A DRAVIRGS s an enl arged vi ew

of a region of the device shown in FTG 3B, and i1TTustrates the orientation
of the gitjd HIGw1.Ahsnasdhemitic repriesentationiof abhzxempkirydevi¢@wijthr miatria design ofl an

vi ew of a . device utj.lizi t.he hybrid design. 25 [27] FIG 5 is a chart
showi ng P&Wﬁeﬂﬂgavﬁaéif@&ﬂgﬁ?%@gﬁ%gmeéba t hermocycling reaction. [28]
FIG 6 sippo)s tHIES! 9B it ehlafRa@vi&ek dfRdstriib® of th [device 8RGWH HFRG.L@Sald A

blind channel type device illustrating proper alignnent of the reagents
wi t hi$ r diustrates itsioperatign. t he comers of the device. 30 [29] FIGS. 7A and 7B

respecti YR 318, 5 H £8onnhb ronBlentil o A Rer SAGILY SaalliR 64 Bvice tha

utilizes guard channels to reduce sample evaporation.

[22] FIG. 2 isaplan view of an exemplary blind channel device.
[23] FIG. 3A is a plan 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 s an enlarged view of a region of tﬁe device shown in FIG. 3B, and
illustrates the orientation of the guard flow channels in this particuiar 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 corers 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 represents 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



anot her hybrid type mcrofluidic device and represents the type of device
used to conduct the experinments described in Exanples 1-4. [30]2EMa MAY 30065
bar graph in which the average FAM PR1/ Control ratios are plotted for six
differ ent“gj %Q TagMan reactions. The reactions were thepfpgsedRgsi N th
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shown in FIG 7B (solid bars) and Macro TagMan reactions (striped bars). The
contr ol s devitet(tidp) shosn ATFIG. GB(fsbhdbbars}eﬁd%MabﬁT@\den Reactbifs (stipeddars)r Ther s
are the standard devi ation of the rati os. FIG_9 is a diagram depl cting
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primers and probes, in relation to their nomnal values. [33] FIG 11 is a
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t he st andhe tefelencalanesy Brrot Hsms aneahagmndardldﬁmaubﬁélodgl dJand, ZI‘hes“hSKaan@t‘me
t hat shows FAM.PR / Control ratios, for,.each o nl L br anchi ng
froma si 1gaaww;e 1 s copeentration of ithe sQ a&mee%ar(ds@@ % i Fefetion 19 e

anount of,, g &[SDNA was 0.25 pg/nl, which results in an average of one
t ar get cop er we 35] FIG 13 is a bar graph depicting the average
VI C/ PR1/ G38} rdFIG diliios bhngraﬁlfﬁﬁcﬁﬁmg&\tﬁrzgeMO/EF\HCnntrnmnbefonQCIQ)Wbﬂls furc
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used at etherneocydled with reaction &inpgients as'l“a‘eecrﬂjedmbobelmthaéxethb stand4rd gt of
deviation of the ratjos. [36] FIG 14 is ba({ graph show ng t he average
FAM PR1/ GBHReIIOPe,: 1hg cmey bars/eprgsent the standard deviation of the average ratios.

[34] FIG. 12 is a bar graph that shows FAM/PR1/Control ratios for each of 10-1 nl wells
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.

[371 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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channel SHARPERNECOLIDINS IETIOMNARY Q¥ BIOEQGY (E391).0Al nsed hertin, the46flovAing

"isolated reaction site" gengé‘fll% refers to.a reactioon site that is not in
fluid demikavedhs Bsaninghassrihed to gey yndess speaied 8- on the device. \Wen

used W tRof eSReGLw Ghafinel” refers generally to a flow path through 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” refersto 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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288: 113-116, an catil ons

The choice of matenals 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



02/ 43615, and WO 01/01025, which are incorporat ed herei n by reference in
their entirety for all purposes. [47] The terns "nucleic acid, 26MAY2006
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80, 90 nucalne gltg{n canth Olngsme egome probes are relatively short. Generally, probes are at least 7

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

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 DNA-synthesis 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 appropriate 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 mucleotides
_inlength. 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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by physical, chemical, electromagnetic and other related analytical techniques. Examples of
detectable labels that can be utilized include, but are not limited to, radioisotopes,

t he

D

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 (VNIR's),
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[55] A "dreagixire ofeweros nivroagénts.t A reapentganbe livixg (elz. ca cslhornon-living, eagent
hai20 s BRI IERERTs 107 ARG S SmBRIEA R CEROGRoIiD (ot Tre Uagiedis, A
reagent yiier NGefal iQnQ,gpc(lﬁmgraseﬁarﬁﬁérk)terﬁfula’f@ﬂﬁéléi)f LPR: nucleotides, labels, dyes,
nucleases and the like. Reagents for enzyme reabtions 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 cellulaf receptors.
[S6] 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 I Overview
[57] 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] Other microfluidic devices that are disclosed herein utilize a matrix‘design. In
general, microfinidic 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.



site densities (e.g., over 1,000 -4,000 reaction sites/cnR). Individually
and collectively, these 20 features also directly translate into 26 MAY 2006
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formed, thereby reducing evaporation of sanple fromthe reaction sites. 15
1621 The chainagactionreRCB). Sechirgactions willbe discussed abieagth hanein de Wilustrativeof the
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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 288:113-1 16, 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



chain reaction - PCR). Such reactions will be discussed at |length herein as
illustrative of the utility of the devices, especially of their 263AY30%hy
reaction requiring tenperature control. 20 However, it should be understood
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var i 20s rtmasparemt, miactigns dam hieimeadilysmonitored using a variety of different detection systems
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 microftuidic
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



of thernocycling reactions, the device can be placed on any of a nunber of
thernocycling plates. 166] Because the devices are nade of el ast QgRIA¥ 2006
materials that are relatively optically - 20 transparent, reactions can be
readi |y noMPO0¥P#3%using a variety of different detection syR¢HKF802/3§§63
essentially any location on the mcroffuidic device. Mst typically,

however, it Iﬁ%%;ﬂg&éﬂbﬁﬁézw s%ggfenf &eelés%#ﬁtﬁﬂawhtaf Uit dontBi glilar{nﬁigf %}V?en rend

regi on that es an i ntersection o 0 channel s oOr

of a fl owhepasrdehinnelswe comsideritsly sinalerda \cirare-sestichaharea e ral, laQfi®mbrane
substantially transparent nmaterials also means that certaln detection
syst ens cwith paaligriarga,widl deflegs less thawa membsane withilaraer arpaunder dhewwpmegpplied wi t h

diti | Sili - hased i fluidi i ces. ' b hi d
St no. dotmtebics TR SRR b SleBhe 1o FEMieRiTpad R Aty SRRl BRedil oy o o
from ghe vﬁeﬁ&ﬂ)@&b@ﬂ%)w%iiiﬂfbelﬂe %&r’a chithel Wt \%of&@giﬁl ERoMAhE But8 tRsle B.

Guard Channel's 30 [6 To reduce evaporation of sanple and reagents fromthe
el ast onercan dififaseafitoitheiperes dEthecdastanieatadpacentpr How dbahried orieactien ptepthaki ty of

guard channel s can be forned in t?ge devi ces., The.quard channels are simlar
Do the cARTFBINE e PRI SPAT (ARSEFaioP Adiacsithe lod, dpasl fE eachon ste &by of

el ast omerrediltitg EV4PbIAYA of SSlutibRWebdfRmiel s and/or reaction site. Hence, like

control channels, the guard channels are separated fromthe underlying flow

channel s [68]/ dn geperal, ithengud davin2I3@6e sufiiciesily 4821 SudkGhatighel pestRizddthesi t es
by a nbrang or segnent of elastomeric material . .Unlj ke control channgel s,
nowedlr . TETErag ) SRS EUFD DTS FoPie nGFAY PR oM AR CEER PR Al
area. In (ﬂch'EB ubstanfial[JYestHiet d%tﬁ%eﬁi{g%%ggg??gg% the¥fv BisdnpEESSreldiidl @

menbr ane Wt arger area under t ressure. The guar
channel s siteavidelsthgpndrd chahrel pvedays: iWkeh tsedan tdscentext; therterfn Yqubstahtiallyd

water) to be flowed into the guard channel. \Water vapor ariginating_fromthe
guard chaﬁﬁeﬁf’ o Qe sy éerm&grseanﬁéh%a&gs%ﬂowwé ng} redpestar, &&j%@ﬁvghathm ow

channel Ll ' : | agt “?H'“fjﬁ 1YAER" s, Lon
adj acent cq%vge?ﬁmgl\'?vp%h%#\%n s‘g?%?%é&@?%a% g??'g n r gﬁt}l&?&%ggé)\?gpor t %%{rlllﬁo
sol ufl5on 2096 raaflrio somé Gffances lgenthem [ 0%t hecamparedd thsolutidmsflew én,soof throught the/

smal | such that en pressurized the 10 mbrane that separates thé guard
channe! - At FRHBE PR Gt HPOGH G SEroBRaTEabEPh el CUBRe Rt
subst ant 'lﬁéésﬁﬂﬁ rdefifeve g&,mﬁbxpﬂoﬁgﬁé#g{h,@%? lt%i‘/lgny y\ﬂg B{égn uﬂss et%ﬁ?thfe,l gﬁ‘ﬁdc hannel or

reaction” site Ich the guard c In tthi s cont ext,
t he t er mchamels havtei adrbss-sectional iardaof betwedend 00 gintfi dndr50, 600rpmiparmytintagral or

solution flow is _not reduceﬂ in, oyt or thj_[bg‘ggp the flow channel or
r eact i on NAriBtegpal GRss-seeranaliyes sy Lhussiop REAmBIGHiR sgRsdRTgnaeedhe t han
15 2?@’0 Ofé?{i‘% '-é%cﬁﬁﬁ? ﬁiGeQ§§ RECfSn 56990 LR intAHer AStaf IR bt 0,660 fin? 9R sfif OW

in, roug .
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 é.nd 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/cm? 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/cm?, in still other instances at least 100 lines/cm?, and in yet other instances at
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channel dc%Xé &ﬁ?ﬁblé‘soﬂh%%s 1§t§ude, but are not limited to, water and buffered solution (e.g.,
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.

[731 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.



15 and 3C, and discussed in greater detail infra. [711 The solutiogn flgwed
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20 [75] FIG. 1A provides an illustration 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 theretbrough. 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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20 through the length of the horizontal flow channel 104 such that all the reaction sites 106 are
filled. Solution flow through horizontal channel 104 can be achieved by an external pump,

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 S1 and S2 (see FIG. 1E). The mixtures are then allowed to react
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particular design, the guard channels 138 are formed as part of control channels 116. As

indicated supra, the guard channels 138 are smaller than the row valves 108; consequently,
the membranes of the gnard 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.
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nmore reagents are non-covale
extension reaction are deposited at each of the reaction sites during manufacture of the

20  device. Suchreagents include, for example, all or some of the following: primers,
polymerase, nucleotides, cofactors, metal ions, buffers, intercalating dyes and the like. To |
maximize high throughput analysis, different primers selected to ampiify 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] Thereagents 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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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 spottéd 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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20 control section below.

[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 numbef of reaction sites to be formed on the

device and for high densities to be obtained. For example, devices of this type having 2500
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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~ﬁ11ing 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
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vert 20al ruhtber ofisemnsibsscaibe rapidly analyzed. Assuming reagents have been previously

deposited 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
inifestigations. 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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20 [105] Temperature can also be sensed through a change in electrical resistance. For

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
25 etal. 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  of the 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.



VII. Tenperature Control A. Devices and Conponents [102] A nunber of
different options of varying sophistication are available for co?ﬁMélYl%OH@ 5
tenperature within selected regions of the mcrofluidic device or the entire
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junctions,.jn _a matrix of pblind channel -type mcrofluidic device). 10 [103]
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Therno-chromatic materials are another type of structure available to detect
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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 interfacé. 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



26 Therno-chromatic materials could be forned on the underlying substrate or
I ncorporated wthin the elastoner material. Alternatively, thernsMAYQR06i C
mat eri al oLl added to the sanple solution in the fo | cl es.
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[113] IDlustrative detection methodologies suitable for use with the present microfluidic

devices include, but are not limited to, light scattering, multichannel fluorescence detection,
UV and visible wavelength absorption, luminescence, differential reflectivity, and confocal
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,
resistivity, 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 chamnel 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
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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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an optical detector. The optical detector can include one or nore

phot odi ¢ty Ieteaion emdhwoledie npimbtoel mgtesyticabapprbsshes ps welll Faghéxagplelehe

| eadi ng,, for exanple, to a photonultiplier tube, a m_croscope, and/or a

vi deo cERWFIRT can also mcludsyforgrample, atemperaire pensap @¢eBdRaVIYSeROE & f abr i cat ed

det ect oPSEIRFERlc bttt Hhf BopBack AR RE T AR BRRERA sRsPlEM o boRE, uaes a

pl ur al i byidafiofl @h&eéduetio esattiomy, detection can occur within a single
detection section at any given nonent. Alternatively, scanning systens can

be used[120r A numbaref camamergiallysavaiable externa) desntorseabea Hdized. gManyofir ce

relative to the mcrofluidic.device, other.systens gcan th 1tted |ight
over o QeBarfuctsseoth oetelo PeRHE BT % ef ety Aictgscshly beffstagente

i1 ustr ghbdific eRUAPRIsD defeBtofd GhLdrk uballabldRkivR, BidrdfotdihAsdRIADBLA

transl at abl e stage and scanned under a m croscope objective. A'signal so

acqui r e®Precdsion daraydVioRy (ApplicddtrecisionplssdquehsWA)d! i nt er pretati on and
processi ng. Arrays of photonultiplier tubes can also be utilized.
Additionally, optical systenms that have the capability of collecting signals
fropall the g0 diHiRrEsH oSk SEEEONuSREd ASfas Si mul taneously while

determ ning the signal Trom each sectiton can be utilized. [117] External
detectors are usabl.e bebdersalatitleDges/i ces that are provided are conpletely or

| ar gel y ufactured of materials that are-optically trgnsparent he
wnver end Tl Betin Fiealsiondyesine: sbanncesenmaranaite 16 BRTE st aed oA

her ei n hykd iqugdi : e Cyiy ot

possi bl tggl\}\nﬂt& Hgéc%%v(gertl%#gﬁa le-glfr | con- e{ls%g %N%r ?’fﬁ%ﬁ%ﬁﬁ%?ﬁs ?1&:%(31?, A

det ect obutane rion timitkd ta) $YBR ™ and Picof Grees (froml MbleoylanPrabes, InerofBuzeng ©RY, at es
a tectahl e signal. The.type,.of ]ight source  utilized depends jn part{ on

e 5ot cHatm Dioghide aPa Bl olom et caghe s FoRtel s 380 ToRbi ude,
but are it s d. e - 0l | \ AH; [ . If a
Caser i o aRer 1A PP B a8 dno bASRh I SRR ATHENE] Wcl o,

det ect i qegaémiitheraseof iatesdatation dyes isqgirovided by Zhore al adral. GherdeH: T - 11448

m crofabrjicated, into the m rofﬁ%?i di¢c device itself. Alternatively, |aser
di odes (Qlépﬁew rIFc‘:%FPéRPrPtﬁ@@yé WEP In WeAHEN hat i s pl aced adj acent to the
m crof |l ui dic device being utilized to conduct a thermal cycling reaction

such that the laser light fromthe diode is directed into the detection
sec@Don. 26 MAY 20B6 ) BabE eg BIRO@B363 29 [ 119] Detection can
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SeNsor., ddnor (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



potentionetric sensor (e.g., pH electrode) and/or an anperonetric sensor
(e.g., to nonitor oxidation and reduction reactions). 5 [120] A Y& r208¢
comerci al | y-avai |l abl e external detectors can be utilized. Many of these
are fluorggeenlsgietect ors because of the ease in preparing fgE®sEeRs! Y

| abel ed reagents. Specific exanpl es ofpdetectors that are available

I ncl ude, but are not |limted to, Applied Precision ArrayWRx (Applied

Preci si orextensidagGeadtionsV the defecBon besiagle! ml&ﬁid&ﬁbﬁlynﬁdrﬁﬁisﬁi'd GheriififréyFdndsare 1-
Intercal ati on Dyes g121] Certain intercalation dyes that only fluoresce upon
bi ndi ng tdsserihediin 1Ly BateridNonys9456283 and RISE PublicatiomeWO AYRBTH st r anded
anplified DNA. Exanples of suitable dyes include, but are not limted to,
SYBR and Pico G een (from Mol ecul ar Probes, Inc. of Eugene, OR), 15 ethidium

broni de, [pz4Ipi %&&Hﬁt&ﬁﬁﬂ RE-PCR ARRAKE] oT so2dalled “RR1 BARNEDlifdaf6m Sinetdde 8y
Toto-1, Yoyo-1, and D , 6-di am di no- 2- phenyl i ndol'e hydrochl ori de).
Addi t Ponairead inditative ‘tinatods$ eansalso bé utilizest toaletarmine thy quantitypfevi ded
by Zhu et, al,, Anal...Chem  66:1941-1948 1994), which.i s j.pcorporated by
21 of encdaet #ydeiE arid ARGt Boh inle by tasnslip e ot Ok pRRb GO Eap
Detectio | 4 | ‘ ' e
Froma QoRErd (oimaor dirid HRBLAHION KFoceR) AL CuBroRBiliclchc e ane B
donor / accpgedific ekhmpleayflaareel time quantititiondasthod avidclacaretps weed shesessfnlip wéthpthe r

xci tat | iviepROsRaPE bt The B OFFROBIOTREINe (ROl SEPIEGENGTRIORSY 25
are hpou 9%3'@01%§ tﬁl\e '&8ﬁﬂﬁddlﬁ'n?é}5#ém%f)§@@ﬁ$¥6&ﬂcrt Xcéu?mﬂﬁ]tﬁor?&%rég Elual%&rl&}'
r e P I's e ransfer can

transter omt onor to the acceptor “can occur. rgy t

be det ectfmbrogeh?Sdli gdzhéleatide probp Faireapproashsfrequentincefienad to ifithe lterattifeadthe
general |y _utilize a &{i mer |abeled with one nenber of a donor/acceptor pair
and a nucil@gMa@e metBed-eq with the other 30 nmenber of the donor/ accept or

pair. Pri t Epél%ﬁ ' - t haloci '

during arﬁ%sé]rrp%t - ggéﬁ%igﬁs?cg%sﬁ%sgﬂﬁ?ggg?%@h%@ggkg%ﬁgh%g@é% or are
spaced fthit ietabietdd wjtltwo diffdrerst flwognscéntalyes. eThe Avtenhinas ofithe prishwcie gypicdlly t he
| abel ed nucl eotide is incorporated into the primer and .the spacing is
suf f ilei erdttaghed toaarepenier AysAadde 3' temaipay isattaghed tomeeamngéyaéi@epgﬂthwhese

met hods ' i ' o] i L 6
V0 03 04guBLCRLR BB NS WhaldheTatt bbbl helt3fo Rckignla M Haye
si ngl e nuedstsibstntiad sequenedcnplethemtaritywwith theprdbea bindistesiterorbthd targetduSleic
Pat ent No. . 5,945, 283 a g PCT Putil | catjion WO 97/22719. [124 ntitative
RT- PCR  A&%ithrVBstieam 3%33 eumnsigsgmrh(l primezy that Bindrtp segippstha § PEbe

binding site are also included in the reaction mixture.

20 [126] When 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, et al., and 5,863,736



5 "real tine quantitative PCR' nmethods can also be utilized to determne the
quantity of a target nucleic acid present in a sanple by neasuri ng6 MY 2006
amount of \@Bﬂhfbiézﬁé‘tion product formed during or after thepapRishfissesi on
process itself. Fluorogenic nuclease agsays are one specific exanple of a
real time quantitation nethod which can be used successfully with the

devi ces teHeadlamE s helleisHeid NC.A. J@ NG edmeRBlapéN, BDTEEID4 QDEEY; Gibsof
anplification product 10 _involves the conti nuous neasurenent of PCR product

accunul abiBM. ¢ phgGeneeReseatadt G395-100b1996)iHoltandghMe et 6t i BrocpNahedcad. an
h of i,Q.t Lt t t . N d.

06 ) > s PR R - L LB Bt bR ke iy PR P and AP om0

pol ynucl 82 (1805),tdaat o'f»_"vhicm@hféellﬁ&étéd byweftichESTAN edthrttgr escent dyes. The 5’

term nus of the probe is typically 15 attached to a réeporter dye and the 3
t er m hus [§29] afhus, e the ampl uinéactjonl progredses) @n ghcreasingiymeount & dye bedomees he d

at other_locati.ans on the probe as |]. The probe.is designed to have at
| east suBg ddfagmy&rﬁ@é’ﬂ% tr‘inf’?‘aﬁﬁ'ffl% probe binding site on
the tar gﬁ?og"uﬁlt@fcﬁlati@ﬁ ides ; ﬁtagaéézhﬁe&iamrmmﬂﬁzea ma&féraﬁﬁgﬁoaeh to

regi ons at flank the probe inding site are also included int reaction
m Xt ur e. tquanti@dive W mettmwdpr Als@oted abnve dhese elyes preferentradfychind tet daasble t he t wo

fl uorophors 0 rs and her enches emi ssion . fro e reporter.
Duri ng tﬁ%ﬂé‘f@ﬁ@éﬁ%ﬁé@&ﬁ%ﬁﬂd@ﬂm%@eis %%RF&?“BST hﬂ 88 8 c| ease
act iy t Y 2bifcdidn Bi&icd G r: aﬁ?‘% T diHE‘sr}Zcﬁﬁ eby

rel eaosi ngﬁbhgcrepo@%%roa rrg%\et eié,”ﬁgé ynuc %tniaggt-dggigﬁ?%gr an rtcalsat1 ft?s'lrng in an
I ncr easeaadompanieittyra eoncesiitant intteasesntsignahthahcarebe deteatesur ed by an

appropriate detector. 25 [127] One detector which is specifically adapted
for measuring fluorescence em ssions such as those created during a

fl uorogepiGya ' I |4 0 I nc.
1 Boot o U T Ral BOfoRE Wi HOIBN BECC Sn PR coffornmBlion kPiE Brobe
capabl e aof ithgbrddides® 4 dvenplementasoepion diithemaplifiedprodectaesuits in e fgreatidner
over_the course of .the anplification, These recorded values capn then_be

used!o ehp éEFP‘éHabletSi%‘af ngﬂ}éh@ge itselEmelisientve secdiops Rpesesianat $as o rendipdnsi t v

on a conty ' ) [ . ' t.pe: @m@ o) enfiBNA Pel Ng
anplifi egi. | %gh]epﬁd%ttﬁgga%ﬂ%eh{%gfé%}l gggg%ﬂl}ﬁrﬁgﬁetsﬁ%ot eor yi)?n t%%er ation of

f | uor ogethecproid bindingfsite andwakd cognpleakntarynte abetanotiienaOne end sdctibh és typically
concentr at io%n of anplification produc%s ar e .descr.i bed for exanple, in U S

Pat Nos. 2Bached ¢ renogterdys anstithe sthen gngaectiop i pspally afiached to a gugnahendye. 736 26
MAY 2006 . , :Hei CA. ,
Mot OO BRMeTIEto Lebeeki chaborlife VAR Sl gt Wil & faitfthdoort)

Rese20 c hIbtHiOconfodatioh9te)repdriter land quertheMiye are imbufficientiy closk ptoxintpthat
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



Sci. USA 88:7276-7280, (1991); and Livak, K J., et al., PCR Methods and
Appl i cations 357- 362 (1995), each of which is incorporated by re%YaANZE0¢ n
its entirety. 5 [129] Thus, as the anplification reaction progresses, an

I ncr easi noyaNRBwWIE2eef dye beconmes bound and is acconpani ed perauseRgsEl t ant
I ncrease in signal. 11301 Intercal ati onpdyes such as descri bed above can

also be utilized in a different approach to quantitative PCR nethods. As

not ed abofthe ﬁgmleprazbeem the edrgetantlieid dcyd hichdhatthe SUbhdof the sindbprobforis ag. |
SYBR GREE ,an onlg ner ate si gﬂr]lal once hound. Thus, as an 10
anpl i fi callf®natthgapflgats ¢ RAlYMOEPlEsm; I@smxwewzsébmes bound

and is |

det ect ed%ﬁ%‘a@ ﬁﬁicbéﬁﬂ‘ﬁ iR R g CREFAR Soefint. ElBlvale Weayfelhe s fap of
conf or mattienudiotides. Thekeleased fap bindarwith 2 i Sp:oaeﬁeﬁfMgemnTaﬁwsr ﬁﬁJrévsr of the
anplified product results in the formation 15 of a detectable signal. The

probedi t&mngw@p@aééum%smedn@mbyéb@mvmm Tdvigtimadhe t he ot her

onneal s Eedvite BB VS SR R Ry B0 4 R R el by ondel B RERRER ' e
end sect g@Rai. SFbysNﬁdnmypﬁ mgxdltpr@ermet @éslgalﬁea t6Rgbridige RithRithantle

section is usuall ached to a quencher dye 32] In solution, the two
end sect rezfnlsﬁncalﬁw slttypqilailelc\mﬁhﬁ Yzt (m\htent)laﬂel‘eomlﬁ@dmlbltheﬂwbphnm In this

F oxi i grplasicatin G BELaSHERs sdfAEath R Bidapacit Fafudabspiitan e

by tie qgﬁ{&*’tﬁfe SHeRdinahPEif i 81 artHE@P&ndécfbf?&té le, Netl/'B.B., bf‘alaA%&}?c"éE' zed

conformation in which the extent of ~quenchi'ig ecreasded. “Thus, by

moni t or i drgNexleisdoid anidaPrpesin Hoalysis 3826w 1 TH12S, 20Q0)4 S possible to i ndirect | y
nonitor the formation of anplification product. Probes of this type and
nmet hods of their use 25 is described further, for exanple, by Piatek, A S.,

t al
1 ol i 85 ) oo BASBAS 8 s

EI ot echnakingRINASas3Be (cmpla%e ﬁeprlnfnenéomplcnicntasy tothe rﬂd‘dAa;Dntalnsﬁhc sn‘qtugmecfer
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(Thi 15 vt Fatomeies stes This iiares Al oio dind Hitbte tsmne b ot BEvese and

utilize apaplpRREERTPLAAR to%%ﬁér%%ééoﬂlgﬁfn%hﬁa?ﬁkuﬁ{d)ﬁﬁmst '@@B’ | RNase H is

conplenmentary “to the  target "nucleic aci or RNA) or pol ynorphismsite.
A second sobseguently adideadde:; dxgedtaamg{ﬁw RN A hleaving aihple Standed cDDA béhirsd.t Ae sane

i oot | QLSRRI RPN e b i 1o Fele SPeBAFLHINA FiE Ao AT eb
MAY 2006 b@r&%%@ﬁ%g ﬁﬂe@ﬂea?%&@b ehérdé i ?o%?&@%k’tﬂémﬂ ﬁ&nftm;-er?arget

nucl ei ¢ acid such tha he si gna fornms a flap" at the
nucl 20t i greomoter aite thag walséngooporated fritothe cDNwssequnqxdeéwﬁhsﬁr&tcpmmrzédl thy a

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.



structure specific endonucl ease, called the C eavase enzyne. C eavase
cleaves the 5 flap of the nucleotides. The rel eased flap bi nds wWeiNA® 2006
third pro?@; BSaishstd FRET | abels, thereby 5 form ng another M%/ﬁ%éucture
recogni ze %y the O eavase enzyne. Thig time the O eavase enzyne cleaves a
fl uorophore away froma quencher and produces a fluorescent signal. For SNP
genotypi ng, the signal probe will be designed to hybridize with either the
reference (wild type) allele or the varjant (nutant) allele. Unlike PCR,

t here isD& | i kemposiien of Mixtaresfor Gonduching|Regotiono anpl i fication of the

"ot he” Pl s RphintS ahdidttq ik il srafligls ettt oEioe@lfintin L ORRALY °1C
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Acid Sequence Based Anplification (NASBA) is a detection rr_ef hod using RNA
as t i%e tdemptestin whichordagents exsrspesited; these additives cRhbe spottedi with oneorsmangence f or

15 the T7 Ite..This, pri ' | to bind,with th | at
RNA and FEDEREA STPHOR Sitpr SRS, QR of BOENER 2P LK RGO BIE
strand fgﬁ%ﬁ'biﬁ&ng‘iéites%s eldstbferis YRSEARE A mdgggeyﬂa%fbps GRRfpoit@yeahlte RNA,

| eavi ng Single stranded cDNA behind. A seco the primer can then
bi nd t heuslizeglincladingradann b diffedentpkateins (&g gelatin adé sariadNibuniin prMéins,

pol ynmerase i s added to ner.at e n opies of the RNA fromthe T7 20

pr onot ers%q%@ﬁ%wgﬁ@%m@)ﬁg&ﬁto t he cDNA sequence by the first

pri : lo1t he ﬁ"mi mirbtag apabl h-@a ( See,
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91-91, 1B&itilizdd] Fjanfplesipcihude, blihae noelihdedits SDSsard the daridusr Tritsa dplezentsy

Thelwell N., et al. Nucleic Acids Research, . 28:3752-3761,,  20QQ, 25 3.
Capaci t i US9bnR Bierspesifis sagercf; cmacﬁ ?@plaﬁpawwb@%ﬁ %Wﬁ?g#fmm

concentr afj : HAREGE ¢ ' p?‘%]ﬁ’-' : . hassage

of nucl elafzéda%ig?gés%%g%;%ggsma 1- k('ﬂ;la %ﬁ?%?gﬁ?%gﬁ% |€r°ﬁ1\rég"lf<§1'tg f’@.ﬁ’é‘ﬁg%“ as been

f ound t ordaeticpeSuchsadditihes dncladd, bul e aot lémited totagentsithatireducs 8&ddndéyoc. 30

Nat|_._ Acad. Sci,. U S. A, 97: 3(068 -10690) .. Thus,. in certain, devices, nucleic

aci do wi FRIGuzeHB themugleie peid %B-’Z’ tage), and @genfs dhat seduse FYSRITRRG eYents (g

channel ’&ftragieﬁl 1dmBonh 8 chBaaty on chambers of FIG 2) are subjected to such
et

afield to rmne concentrdtion of anplified product. Alternatively,
sol ut i on[ici@ht & hsrafsocbeeh ifburelineondieting icertaintangiHioatiamrbatctiens thatlspmet ed to t he

electric fjeld. 26, MAY, 200 03/ 048295 PCT/ US02/ 38363 33 osition
of M xt upg]gn*eéqse@gw&@@p%g%%&.i ﬂrsexamp?e, wﬂe good results were ollaénego man

AmpliTaq Gold polymerase (Applied Biosystems, Foster City, CA) from Thermus aquaticus,

20 improved reactions were in some instances obtained using DyNAzyme polymerase from
Finnzyme, Espoo, Finland. This polymerase is from the thermophilic bacterium, Thermus
brockianus. Other exemplary polymerases that can be utilized include, but are not limited to,
rTH polymerase XL, which is a combinétion of Thermus thermophilus (Tth) and
Thermococcus litoralis (Th), 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



11371 Reactions conducted with the m crofluidic devices disclosed herein are
typically conducted with certain additives to enhance the reacti BdAYSH06
for exanple, in the case of 5 devices in which reagents are deposited, these
addi tives wawodmsmpotted with one or nore reactants at a regefy@n;8idse. for
I nstance. One set of additives are bl ogl4i ng reagents that block protein
binding sites on the el astonmeric substrate. A wide variety of such conpounds
can be generatesaldétectablgisigpah Imuviewe of thieirdisk vethevariqus dypssrof t¢mpegratureesinirol n and

various al bum ot ei ns such..as bovi ne .ser | bum n d glycerol. 10
[ Ta51 st e dedics B aist 5 el B g of oot A selst i 1 f or on
detergen{qﬁmﬁ@f{_&,1-(@@1-;1;1@&;1:{J d&sles include, but are not limted to SDS
and the various Triton detergents. [139] In the specific case of nucleic

acid anplification reactions, a nunber of different types of additives can
be incl uded. ge caiegory a _that pronote the anplification
react’ on. Such* CHpIRdUCEIO 3GUORS | inited to, reagents that

reduce s d 1 - - ' ' ‘ j ﬂme
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Furt her gehldot therfoliowiigh@e epibsited, @eimess; fpalynétase) ndelebtideg, meat ione taufr tdnd

certain of the devices disclosed herein, including nucleic acid,

anpl i fi ceefeeiers. ercxpmple. Hresapmleyiniredusad inlpdhapeastipn sie immsuchgages isthenpl ary
¥ . . . . ; . h b
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usef ul i amplificstionieigeptylowedinetieirogtionditeands Yistwsakd sEirh,oclken the ngemer al |
the devices can be utilized to detect reactions between species, that react
to form geviee ticitilized toseopdurt anmplifiget gm seactipnsampes GoRtaining ppelgicdcid anot her

speci es g0, et 2O AW R30S B2 Rl N 50 nAiEE Ahdthe amplification reagents through

the horizontal flow channels or vice versa.

20 [145] While PCR is perbaps 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 a:ﬂpliﬁcation (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. USA, 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 nL 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
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pres Swfableanpro tion reaction is commenced determines the likely
error in the

[151) Single Base Pair Extension (SBPE) Reactions. SBPE reactions are one technique
specifically developed for conducting genotyping analyses. Although a number of SPBE

assays have been developed, the general approach is quite similar. Typically, these assays

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
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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 diséased cells, between cells from an

individual treated with one drug and cells from another untreated individual, between cells
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heal thy and di seased cells, between cells froman individual treated with
one drug and cells from another untreated individual, between cells 26 MAY
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[156] To measure the transcription level (and thereby the expression level) of a gene or

20  genes, a nucleic acid sample comprising mRNA transc'ript(s) of the gene(s) or gene
fragments, or nucleic acids derived from:the mRNA transcript(s) is obtained. 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 cDNA, 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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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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15 3. Methods
[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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reaction SidificHN, MbRular Probes, Eugene (1992).

[164] Multiple genotyping and expression analyses can optionally be conducted at each

reaction site. If quantitative PCR methods such as TagMan is utilized, then primers for
amplifying different regions of a target DNA of interest are included within a single reaction
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 to identify test agents that have a particular desired activity. As a specific example, the
devices can be utilized to screen compounds for é.ctivity 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 eﬁzyme sample is then introduced and reaction (if the test
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20 [169] As alluded to earlier, the microfluidic devices that are provided are generally

constructed utilizing single and multiiayer 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 isincorporated 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
photorcsisf (Shipley SJR 5740). Channel heights can be controlled precisely by the spin
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03/ 04829ke joined to a substirate support.

B. Devices Utilizing Blind Channel Desi
1. Laver 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
from 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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20 Spotting

[176] The reagents can be deposited utilizing any of a number of commercially available

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 are 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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the sanple solution once it is introduced into the reaction site.26MX¥%hodhe
ot her two Yywawslogs9f the device are the layer in which the fi’@W/éﬁE‘ﬂ%%S are
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formed. These two 5 |layers are prepared according to the general nethods set
forth earlier in this section. The resulting two |ayer structure is then
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deposited. A specific exanple of thEXAMBEEL|on of the three layers is as

follows (ration of conponent A: .. first layer (sanple |ayer)
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[1771 The faollow. n anpl es..are .presented to further illustrate certain
aspects g'prqthggo@%raiogxggc %fi%g%? at are disclosed herein. The exanpl es
are not [@oPeFReNAS sedvidh SchemlatisView6F thE BedifY 81 Fdw channels in flow layer 722

20  and of the control channels and guard channel in control/guard layer 720. Device 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.

1L Experimental Setup’
{181] A PCR reaction using B-actin primers and TagMan probe to amplify exon 3 of the B-

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 TaqMan Buffer A (50
mM KCl, 10 mM Tris-HC, 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 P-actin forward primer and
reverse primer; 200 1M FAM-labeled B-actin probe; 0.01U/ul AmpEraseUNG (Applied
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channel s .and guard_channel _in control /g};g{@d l.ayer 720. Device 70Q consists
of ten i ARiepuRERiIdic device 1R F¥usng@gel 2pdt tipr attaghed toa bl sypngeankhe

br anchi ng; 1 Rl qﬂ%h ' I action
site 706%1plsgtl*)§gas %%ﬁ%@%l?&héﬁ-ﬁasct%ﬁ%e ‘%éag%ﬁégon rgﬁ%f@h%ga\m?bgﬁ?sol ate
t he te@actfloancirinhels 700 ovend filled b mianusity appyiag dackpressurpplthesyringeanitil g tiaf
guard channel s, 716 are al so i ncl uded tgogrevent | i quid_from 25 evaporating

out of t Isatiredind channgls 404 ambreactiqn sites 40p merpBlied faptR! liness 12/were filjed with

Experi ne . .1 C4d OF ' - ] | gMan
or obe 1 o et Ef iy sk PrePuidd G300 R o3 Aot Bibbe Nierk Ramed Bl 810
( Pr onega floWblihesom2\¥04. ke pressatigddacbnird] kg 7de wezb acidted Th elobathdwalvedamtli on
consists of the follow ng conmponents: |x TagMan Buffer A (50 oM KCl, 10 niM

Tri s- HCl isofateihg smples i phwslly 20Gdihe guprdechapyels Y16 piargthen filledgvith 0 mv
Cl ;2200 . P P; e ACKhi N, f DL
and 17 ey SeiSHiala Warer 8l predtiion 16577 BX, Bbiral B 1 SMLi AT g bl Bl Ton

(Appl i ed flafplata6f  AomIOyEler AABREH tHeGRickéFIAid F3hide/coverglass 700 was placed on the

thermocycler. Micro fluidic device 700 was then thermocycled using an initial ramp and

either a three-step or two-step thermocycling pfoﬁle:

[183] 1. Initial ramp to 95 °C and maintain for 1 minute (1.0 °C/s to 75°C, 0.1°C /sec to 95
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 TagMan 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
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(Cal bi och Pkego, CA); 5.0%d ycerol (Si gma, St. Loupgy el
dei oni zed%éﬁ‘ Aha” mal e genom ¢ DNA. The conponents of theb?’gact aRoner e
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t her nocy ing or_40 cycles (92C for 30 sec., 54C for 30 sec., and 72C for
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TagMan trh formed

T Tthe e Gy JREFSE, BE ARGRORFRRICpARDHaR: Wad Sibstified SRBDRRARE  Ch

t hat of pbbrmnraseodueuodtsancnéasedctmxmxtabﬂity Ioafrerdintgh end resistamice taimpurities. was

not cont IIedfo n reactions. e therpgocycling was

conpl et edhestand %@WV@@§%@@BP%B@%F&@W“&? irhé €chip was

transfer I hip was then
El’ﬁgroﬂ?ﬁ%c%x 1Anents. Tﬂﬁgglﬁﬂ(&as%ﬁﬁnaggg??ﬂézﬁé Proﬁﬂ@ecf

placed into an Array WRX Sca plie ssaquah, WA) with a
modi 20 ed FPAMIBOX20aG8rol ratios of 3.5-5.8. The signal strength was improved, but it was difficuit

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
(0.10Ni]) 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 TagMan 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.



WO 03/ 048295 PCT/ US02/ 38363 47 carver. The fluorescence intensity was
nmeasured for three different excitation/em ssion wavel engths: 47263MAY 0006
(FAM, 510/560 nm (VIC), and 580/ 640nm (Passive Referencel (PR)). The
Array Wor k¥os/048a9se was used to inmage the fluorescence in tP@Tfﬂsﬁﬂ&sEJ uidic
device and to neasure the signal and bagkground intensities of each 1 nl
well. The results 5 were then anal yzed using a Mcrosoft Excel file to
calculate the FAMPR1 ratio for a-actin TaqMan reactions. For conventi onal
Macro TagMan, positive sanples for %M—%%%‘\%\ were determ ned using

cal cul ations described in the proto ed by the manufacturer (TagMan
PCR Reagent Kit Protocol). The si gBpétting Reagdnts was cal cul ated by dividing
the FAM PRl ratio of the sanples by the FAM PRl ratio of the controls. A
successful reaction 10 was defined as a sanple ratio above the 99%

conf |5denfe thg&ﬂ;@é@evel I1'l. Results [188] Initially, AnmpliTaq Gold

(Appl1 ed " Bi os oster City, CA was used in TagMan reactions and FAM

PRI / Cont [190] r The pﬁxp@tse &f the 2xPerirent wisat dettbnstestapacossfubsptted PCROredctivien
reaction, ratios_of 0-14. 0. Althou gh results were positive, increased

si gnal stnraemg-’crﬁ mdecsd%m (Ehe term &5 in thisecoRgNt; TPEAS toothg plrsement efsmallas

o oot  coufEAisl FHRANY B B2 SRR i b R e A T VAN

Dy NAzy memi@ofigidid ddvicd) THe spotedtéagkntvate siaRfhlliyn subBet dfithe Rhbetitdhikture
experiments. This polynerase change to DyNAzyne produced 20 FAM ROX/ Contr ol

ratilds. ofeqaired oreperfonming BRI * st rengt h was inproved, but it was difficult

to achieve consistent results. Because it is know that sone proteins stick
to PDMS, the concentration of the polynerase was increased and surface

modi fyi ngg, addpidoegsrever € i ncl uded. Two increased concentrations of DyNAzyne
were tested, 8x (0.2Uul) and 4x (0.1U ul) the standard concentration for
Macr o TagMan, AvmthJQMg@_pg of genomic 25 DNA per nl in the mcro

fluidi d.0.5 t 00 we dd t
prevent {95! pBepfs Siarfes o RETT Hep BT e BRI R R TP oGy Repestts
reacts o nﬁ'eire"m&lt@i upr6frCa dct B %ﬁc@%l&@n ﬁ@w@h@aﬂd 88505 IYBE b P cmadiay 6O Pinso! s
are shown in FIG 8. [189] The mcrofluidic Tagmen reaction ratios rahge

from 4. 9toga Brgetisibstratsy eThvapnunngarﬂvass i &urther ontlined iy E1G+ S nd\y siown, zreagents

Ther ef or e, stre of the.Ta tlons n_chi to
506t ot 1 Heremged! Sl fSae (ol i EED. R58 Bt Ry binphe i Baddd

bet ween ﬂiﬁ ififo &ﬁtAEfMﬁMﬁe subsate. eEié washtedprebnisistd 6f dghtatio i diededd wixer can be

done wit greater than 50% signal strength, when conpared to the Macro
TaghMan r Edlowedrhy, vacnumiviryingi dihefslystenti used ewpmtsthe Téagenicepotstis alCartssiseen

consi(f t e%ch%:% og&%croby 5 fOOf i tCIA?)nB ploymg %YCﬁ 6‘CthMak > 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 um. 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 um have been achieved. Arrays built into working chips tend to have
spacings from 600 to 1300 microns.
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I ntroduction [190] The purpose of the experiment was to denpnstra2eMAY 2006
successf ul wen PCR reactions in a mcrofluidic device.

"spotted" int (%gggont ext, refers to thg placement of small P[ﬂﬁ@é%@?of
reagents (spots) on a substrate that is then assenbled to becone part of a
i crof | UfI9UT gpottifig wad ldené Rsihi 6Aly dRe pahtsa @h@ Qﬁeeysaérhyn asd boseVerdhas e
reagent mxture 10 required for performn CR 11.” Procedure A, Spottl ng of

Reagent spinhgad whinkt qanqceqromoatg upfto 62,>agr§nt iag astanderdasige ohip (arrayont act
printi ng 0c.ess ed froma set of source wells on
net al mﬁtﬁ?&’éﬁ?&?ﬁ@@%@mﬁﬁ% ‘?‘Hé‘t H%l to a target substrate.
Thi s pr| nting process is further outlined in FIG 9. As shown, reagents

were picked up froma source (e. g ’ mcroliter plates), and then printed by
bri ngﬁ ng t he Boadedssemblyios gL Bips Wi th the substrate. The wash step

t t e .oni zed .\ f.ol | owed b ing. Th
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are Tel eddseribéchinBvakele 4. B parallsiha substraedaymicainpossd &ff Om—thithk PDMS| ot
(see FIG  9) to increase the upt ake vol une (and, hence the nunber of

pri nt abl witg ﬁ@m@pnenth RE3 Ees formed, viaopin-coating adptprlogiligon wWagsr.cand then 759
rel ve grature 25 approximately 25 C), in excess of one
hun wed %‘%o S vgxg)ym&ﬂrl n gg % pi n, per loading cycle. Under the conditions’
above, t[i®6y othéremeﬂ bt@wabﬁtfatémé:t @?msqhéMgB%@rﬁum?bf et FIRITA) he
order of 0.1 nL. {@@3 The di nensions of t In tip are 125x125 m The
final spmmfasaht ot dergengent @t)otgngasltaettmsaﬂsyogm pianted pate thasubstate, smal | as
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achi evabl'e spo spaci ng aci ng er m nes est

vel | -t o- prebes, Bbédific tonthb berﬁcumg ﬂtemme&mﬂlmeagmugibt&dd&geﬁemama he:1:1

f oregoi ng net hods, arrays spaci ngs of 180 p.m have been achi eved.
Arraps buslmeiratioof#0aMp-setinforvandpriner(ED) 308 PrastinfrevarsepimerRPIN0

m crons. 2d (MA IHVI Oggﬁnvl\gog?)/(lprb?%r? some cases, it is useful to further tune the chemistry via
concentrating the spotted mixture. It has been found that adjusting the concentrations such

that primer and probe concentrations are equal to, or slightly higher than, the normal
macroscopic recipe value yields consistently good results. Therefore, the spotted reagent is

20  concentrated to be 3 times and 4 times 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 P-actin and TagMan RNAse-P.

[197] Following the spotting process 6nto 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.
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systemin use, however, has a pin head which can accommbdate up ?3“’3‘22%%5
Printing a standard-size chip (array dinmensions of order 20x25 mm takes
under 5 mwolgess2és B. Assenbly of Spotted Chips [195] The fpowusoezizsaent rol

| ayers of the PCR devices are assenbl esh according to the normal MSL process
descri bed above. The m crofluidic device design is the sane as the one
described in Exanple 1. In parallel, a substrate |ayer conposed of 150 m
-thick R géq! conponent ratio A°-B of 30:1 is forned via spin-coating a
bl ank siT1con and then 10 cured for 90 mnutes at 80'C.' [196] The
cured bl o8] SPER FoRbRodsHe0E ben FIOMBsAIRA &gﬁ&wy S ing ddiQk vﬁieﬁ: A
serves as the target for reagent spotting. ttern of spots are printed
onto t heprmss {forward andirestise primers) andoprobhmdiécalés arespotiedIAa exemplenfdatpot t ed
for eacti,ans riners, a robe fic,to, the ul ar gene
o b anfiPR! AP SN QHbioPEon Wik diere Sher e PE Tarmactis SOWB RS | & of 300
M (3- actig s{»&feueés%e%m@réﬁmd i Qo BRI PCRE kdad1ibAY &Y il W BarbE, and
200 nM [ 3-ac b). I'n sone cases, It 1s usefu urther tune the
chem str Sumeasﬁlhtaac:tmnsrlmre been peefosmed using m-stagﬂ and 3-stagaﬂ1Mwycﬂmglpdotbhﬂ£.

adj usting the concentrations such that priner and probe concentrations are
equal to, or slightly higher than, the normal nacroscopic recipe val ue

yi el ds consistently good results. T%’S@%&Bt he spotted reagent is 20
concentrated to be 3 tinmes and 4 ti ncentration of the macro

reactd on. Concentration of the reag€enstypingoerformed in a Centrivap heated
and evacuated centrifuge and does not alter relative FP:RP:Prb ratios. The
i ncreased spot concentration results in the correct final concentration
when theyreag L ouuibn " esuspended in a 1 nL reaction volune. Spotted
reagents need not pe limted to prinmers and probes; nor nust all three (FP,
RP and P{199] b&he patposd of &te fAﬂaMngadxpenmeniwm tordeyhonbieatp theab genatypiagen one of
the prinmers,.is spotted ca erforned. .Exper|nents, have been conduct ed

in whi cheXREEimenstan by ‘F%P?‘ﬁgé}B gtagn%&%m@admcsor? &eh esdeseribed and

Taq %% R
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FIG 7A) th&&temoaluageedfﬂ@iénh sémlaitivityeind paehstire than dthed Bribiegyebe sefi] besidesBact . A
further bake at 80 C, for 60-90 m nutes, was used to bond the substrate to
t he resta@mmmbﬁhﬁl@m&l@ﬂh@mﬂ@ﬂmﬂlm@@ﬂ%en assenbl ed, the remaining
conponents of the PCR reaction (described in Exanple 1) are injected into
the fl ow channels of the chip and the chip is thernocycled as described in

Exanpl e i, 26 Mé¥odPREsults

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 B-actin set detects a single copy B-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.
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successfully and repeatably perforned using devices where priner2¢ MeYYA2004
and rever ' ) and probe nol ecul es are spotted. An e ata 5
froma chﬁgolg%b%ﬁh a reaction has begn successfully perféﬁ@@z&%ﬂom in
FIG 10. The spotted reagents have resulted in successful PCR reactions as
def i ned o1 EXPRPYECAPR 1/CUREATHIM fof BRAGADT R BEGRnRaHl PISCELIST NO
2-stage and 3-stage thernocycling protocols. 'EXAMPLE 3 10 Genotyping 1.

| nt r oduodorespdritiaey ratibe fonthe FagMah réedvtohoin! thevimierofivjiic dewice are\ield dnd 1.21.
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sensi ti vheTagbRaaektion & Rdhparp senmsitivenotigh &ﬁdet@tetz%;:&s pebgéighte. COpy gene
(2 copies/genone) in 25 contrast to the a-actin priner/ probe set. The
[i-actin set detects a single copy P-actin gene and several pseudogenes,

whi gp col | ect%vel me% ﬁq ﬁggﬁxi ﬁt ﬁll y 17 copies per genone. The RNase P
reactions wer ‘ru ! ) onents as described in Exarrple 1, with
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RNase P primer/probe set. Further, the RnaseP primer/probe set was used at
4x t he ndiluiioas ofigenonzic N Awaera testedvsingshe §-actingmimsgrprohesst.f Reastiescence
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[203] According to a Poisson distribution, 37% of the total number of wells should be
negative if the average target number is one. Well numbers 5, 6 and 7 are below the

calculated threshold and, therefore, negative. This suggests that the f-actin TagMan

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. Geno}xgin'g 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, CYP2D6*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.



The ratios of the genomic DNA sanples in the mcrofluidic device are above
the 99% confidence threshold |evel. Further, the signal strengt R6VIAXI2O06
TagMan reactions in the 5 mcrofluidic device is 50% and 93. 7% of the Macro
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fl-actin TagMan 20 reactions in mcro fluidic chip can detect an average of
one copy {verespgnce ferking mte thetWE choaneliafithe dstegior. (Tihe leakage Fanke minintized

m cr of | ui di,c_devi ce 48 SL{ffi cient to performgenotyping experinments. C.
Genot yoi ne EPRTREH ‘i‘%c fofcpz{?ceé ‘cause TagMan in the mcrofluidic device is
capahbe giogetmtAm positivé B61FIl gald /i erage AM/PR N ontroP fatio oF 300, wiith wat ngl e
Nucl eoti de Pol ynmor phism genotyping was perfornmed using the Predeterni ned
Al lelic B7%cefthe Madrodag an(sxwf angigabpve thesealerdatedBueshold mity(seeJAG. d4hi Tbe

he CYP2D6 P450 h h ' ' ' d
b obes. - BRMPTESERRIET B rgRerar P e v P Er LR RlBLoFiF AL FE el el Bneg i,
| abel ed 3fpqheicyt dFeh&UTVART 63 3ERS 16W. Agdin, dndppRarsthat théless §di€leaRae dTithe PCR

products, for éach allele along with genom ¢ DNA were tested in the device

usi ng t héAlshiCauratie into e BAMichaon¢liod the detedtora nPyerall, thy SdPrdetedtion réactionpne
experi.nment are s‘js%\gn itg Fl GS i%‘guiind 14. The experinment has been repeated
at | égst WHF SReCersitdm: e%"frf’gg N esults and to denonstrate reliabili ty.
26 MAY 2006 WO 03/048295 PCT/ US02/ 38363 52 [205] As shown in FIG 13, the
Al-1 (Allele 1, CYP2D6*1 wild type all el e; and genom c DNA (100 pg/nl)
produced an average VI C/ PRI/ Control ' 43.5 and 2.2, respectively,

| ndf cating that  the genor G LA NS BER &) 6 BREnbIHrGE2D8" T W1 d Type

1. 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 B-actin forward primer was conjugated to FAM.

25 I 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



val ues are above the threshold |imt for the reactions. The signal strength
of the Tagvan 5 reactlons in the microfluidic device is 59% and WMA]YQO 13
Macro Taq respectively. Al-2 (Allele 2, CYP2

vari ant aWQIog)ﬁ&E |ch shoul d be negat ye inthe VIC chanr? 'ﬁmgk%%g}éf’ sone
signal over control (1.5), possibl ue to FAM fluorescence |eaking into
the VI C whansefficient pressute isanpdied tor tivimk¥de A aerigseofiguaidrahasuelsil 620 ane

ver age. ERHER BEER I TR OBt DYEPSIAbnE At o1 aenen sl 30Re L {HA: HBe fadian
signal apg, ﬁa?éb\l?a}fef‘&e\ﬁé‘é waést:ﬁﬁemrmfﬂéi% gé'r?t' (’?RZ ﬂ&ntﬂr‘é)cmlplg%lacg@nom c

sanpl es were negative for the CYP2D6*3 an expec resul t

si nce t hentofa axyemshipy 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 VIC erification of PCR by Gel Electrophoresis |.

I nt roducti on g%f%‘a‘ra’é#ﬁrnatl ve nmethod to prove anplification of DNA
was occuf209jg I\Mrctﬂmedm decicol 500 dasloddwd ael themmevypked usingithe 8 telmpeatur®CR

pr oduct b@ﬂi el ectr horesi s was performed. PCR_reactions conpositions

were as B peHbed I sample 1Tb§>relam&f@acm|\¢&ﬁlplfpwa%@emgc indbe and t he

/3-actin [

M crof | wa éﬁ%@\%@é%ﬁ‘%&"ﬁhr ee ?121 tp(rPr‘iﬁgfrA\o Ifgt}ﬁﬁl dﬁw ce%elgrﬁocgpgd
usi ng0 t heeabddbn prodaets wervascodesi gﬂaotheﬂ;ﬁ& tidy wast@dpleted. qon@oeidr g t he
experiments_described in this exanple; FIG 15 shows a schematic view of

the desi amplifind DNAvi il afsugerwasiniactey intorsampleingnt alaéé%p@dﬁe‘bﬂloqumtso

Forty- ondertentih Mot Batter LI etk Bhoh o i Blnlievicd 18 B0 A Wit E10C
al ong | esscribmmeel tréfebwithty ,amfmxasmqsmsﬂ ﬂlevelﬂzdlm WhtbmubbmbowdaafﬁlZ
Cont r ol hﬁl on 1504 contains three control flow channels 1514 each

cont ai ni FNA&xopuglease d apd Shrimp AkslinesRhosphitase, farsmoyssreess piclepdesaadangl es

a1t oM sof ey sty 50BE i leq 7B 1 et 188, PHEGrokmBLALG RS 15POCT ot

pr essur e was dehydrited ah®résak dwamlﬁl?dffoﬁmaﬁrdlees of guard channels 1520 are
included to prevent liquid fromevaporating out of the reaction sites 1508,
1518. The device is a three- layer device as described in Exanple 1 (see

FIG 7A) mThe lfeﬂﬁlité'e chip is placed

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

|38}
(o]

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 §-actin PCR product. The
negative conirols lack the PCR product. Similarly, the product derived from the device gave
25  the expected 8-actin PCR product. Therefore, target DNA was amplified in the micro fluidic

device.

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

30  ilustrative 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



onto a coverslip. 5 B. Experinmental Setup [209] M crofluidic device 1500 was
| oaded and thernocycl ed using the 3 tenperature profile describ@8MAY 2006
Exanple 1. The renmi ning reaction sanple was thernocycled in the GeneAnp
9700 wi t hywdgs/6@38s t hernocycling profile as for mcrofl uidi pcerigosss3s»00.
The 10 reaction products were recoveregy after thernocycling was conpl et ed.

To recover the anplifjed DNA. 3| .of water was injected into sanple input
vi a 1506amg@xtent anjf eaeh mdivdual p\&kﬁ@%%@%ﬁmﬁemh@ﬂovqusa@;ﬁcrﬂy

reactio I; 3 ' reaction were treated with
2 Al of @5@%@@%6@3}3g{e€%%§§&@&t%?:%g{egc%orrposed of DNA

Exonucl ease | and Shrinp Al kali ne Phosphatase, to renobve excess nucl eoti des
and 15 priners. The Macro product was diluted from1:10 tol:106. The product
fromdevice 1500 was dehydrated and resuspended in 4 Al of formamide. 111.
Results [210] Both products, along with negative controls were anal yzed, on
a polyacrylamde 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 fromthe Macro reactions are shown on the |eft hand
side of the gel and correspond to about 294 base pairs, the expected size
of the /3-actin PCR product. The negative controls lack the PCR product.
Simlarly, the product derived fromthe device gave 25 the expected /3-actin
PCR product. Therefore, target DNA was anplified in the mcro fluidic
device. [212] It is understood that the exanples and enbodi nents descri bed
herein are for 30 illustrative purposes only and that various nodifications
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 clains. Al publications, patents, and patent
applications cited herein are incorporated by reference in their entirety
for all purposes to the 26 MAY 2006 WD 03/ 048295 PCT/ US02/ 38363 54 sane
extent as if each individual publication, patent or patent application were
specifically and individually indicated to be so incorporated by reference.
26 MAY 2006 55 WHAT IS CLAIMED | S:




1 1. Amcrofluidic device for performng a plurality of 2 sinultaneous
reactions, the device conprising: (a) a flow channel having a fi r$tMAX(006
and a second end formed within a substrate; (b) a plurality of blind
channels formed 4 within the substratgs in fluid conmunication with the
fl.ow channel, with at |least one 5 region of each blind channel defining a
reaction site. 1 2. The m crofluidic device of claim1, wherein the
substrate i ric material, further conprising one or nore
control cha‘ﬁ%@ls over f@?ﬁ@ and 3 intersecting one or nore blind channels,
wherein an el astoneric nmenbrane separates 4 the one or nore control
channel 3 fromthe blilnd chamebfudic dade fpnp@fcs'mdng' a)p],ura;myeoﬁ el astoneric

menbrane di sposed to be, def]ected into.the Ii chan inr eto
ot ugt | ORI TRES 'BF 6rfot THEIHIE 40 AT HATnE 1oyt 8RR ar o ¢y
of isolatedndp s&?o‘i‘lﬁte'ng'i'oﬂetde\ﬁlthlﬁ a%ubs-[ﬁf‘e '@B)Carﬁ{ula‘ﬁ foolgﬁ\(:'hﬁﬁlqu foghed M 2,
conprising at |east reaction sit m crof | ui di c device of
clai m 24 whethen thetSItléstrmcm ﬂmdscoznmmuodtme Vaﬂethoﬂom@m@agéhaslesﬁloect ed from
the groyp consis &l ¢ acid, .a pol ynerase, a prinmer, a

nucl eotilg re%oﬂﬁt%acgé’%ﬁﬂeﬁmgde N4 IORUORSIE gand and a cel | 4 receptor. 1
5. The m crofl uidic device of claim4, wherein the reactions are 2

nucl eotilde pol ynerizai on Teasict@nadic dedce Jheaif Cvalidreindhesubewateds af clai m
2, further corrprl sing a 2 plurality_ of guard channel s formed within the

el ast oméri & Wicanataml Byder %gmmgmtgr@eosmqrwp@rfdﬁh@me&rﬂﬁdamaén%r nor e
of the rea f f rising
at | eas? tﬁflfreﬁgcetﬁ{gt%% c1r4n ée b-Eg%% .19’1&]@% %%g%ﬁla\étzor oflul’ &lagéew ce%oEP claim
7, wher @i n thdhengdriutiékicoytrelfchazZndd frowd th&ﬂﬁrﬂbd}&nﬂdfleataa“ab}ﬁmgedecsmnhthb hat they

are substanti all arallel to one Y.2006 56 .1 9. The
ni cr of | 8i dle@sm%@gngflbr@p%lfiﬁpqse é‘bﬁ?)g‘?ﬁ:ﬁcﬁ& into t{‘\‘malélid ¢hnagl in 2espPRsg R hannel s,
each ingfluj,d ﬁlgfmﬂ“'fyrgéatgnkf%;a%wfts&th{bl&H@éHahﬂelQ(f) dbtid lﬁpafl‘i éolatjedlo- The

m crofluidic eV| ce o alm 2, conprisin east 1000
reacti off sireasiongitésl. The m crof |l ui dic device of claim 1 or claim 2,
conprising at 2 |least 50 reaction sites per square centineter.

1 3. The microfluidic device of claim 2, comprising at least 100

2 reaction sites.

1 4, The microfluidic device of claim 2, wherein the reactions

2 involve one or more reagents selected from the group consisting of: a nucleic acid, a
3 polymerase, a primer, a nucleotide, a dyes, a nuclease, an enzyme a ligand and a cell
4  receptor.

1 5. The microfluidic device of claim 4, wherein the reactions are

2 nucleotide polymerization reactions.

1 6. The microfluidic device of claim 2, further comprising a
2 plurality of guard channels formed within the elastomeric material and overlaying the

3  flow channel and/or one or more of the reaction sites.

1 7. The microfluidic device of claim 2, comprising at least thirteen

2 blind channels.

1 8. The microfluidic device of claim 7, wherein the plurality of

2 blind channels are arranged such that they are substantially parallel to one another.



1 12. The mcrofluidic device of claim9, wherein the at |least three 2 flow
channel s are isolated fromeach other such that fluid introduced 26MAY3Aes
flow 3 channel cannot flow to another flow channel, and each fl ow channel
conprises a 4 single inlet at one end nto which fluid can be introduced. 1
13. A systemfor perforning a plurality of sinultaneous 2 pol ynucl eoti de
anplification react npr i the devi.ce or claim1 or 3
claim 2! and a ther cycl H %ITS%IE{‘E}‘%&(V roi;ﬁra%egnf%fmwg At lept S ce. 1 14.
The sysj emgly Ghaield, tabh AR b&hﬂgneauérﬁ@ﬁﬁa%ﬁﬁaﬁt?%%hﬁ@cealﬁleﬁ 1 15. The
system of claim13, conprising at |east 1000 reacfion sites 1 16. The
system of claim 13, conprising at |east 50 reaction sites 2 per square
centimeter. 1 17. ThéO.sysThenmagrodnidiaderize of shapmilsorredpime 2, (cemarisiBEet r eact i on
sites p r ntineter. 1 18. The systemof claim 13, 14, 15, 16 or
17 furt erﬁ?gﬁgﬁargwﬁgngkﬁ detector to detect a signal in one or nore
reaction sites. 1 19. A mcrofluidic device, conprising: 2 (a) a first
plurality of flow channel $ht efieefluidit dsvicel dstadmEr oreclamisicompesingdt (b) a
second plurality of flow channels formed in the el astonmeric 4 substrate that
i nterseét {998 ﬁqer%‘iUOBISH?%\WtSQu%P CENtgFiehannel s to define an array of 5
reaction sites, each reaction site |ocated at an intersection of one of the
first apd 6 second iy ow ?H@‘Hﬂ%ﬂtﬂd@d%g o%gﬁﬁnt_@?wh&eﬁ&ﬂle%t R:Iakirtﬁllebty of

i sol ation val ves disposed along the first and second 8 plurality of flow
channel3 s ﬁawexhameﬂswae isoldted fremcatipothei sush that ﬂu@mtmd@edcmtgame dlomo 9

i sol ate,reaction sit er in the.isolation v Ive ri se one or nore
control? 108% glncélflg()ttefff’é‘f % Fe1he6§l8?’vl chgnngl,find seeh ﬂ%‘&c Erg?m%sreé 4of the flow
channel . 4ingR-inl&h& ofit Ch@fdty ndiich AN c&ebOMteladem 19, further conprising a 2
plurality of guard channels overlaying one or nore of the flow channels
and/or one or 3 nore of the reaction sites, wherein the guard channels are
si zed ahd positionedl3o 4Arwdisaelosperboming anluality of HMUWHNEIUSM t he f 1 ow
channels a t T | gi m 20,
mherelﬁfthggéﬁgﬁﬁﬁgﬁ hﬁhne#ﬁ %@émégép% s“%%g Aﬂ+gg%(%€Fh%fC@§nﬁé§s t han
50, 000 3In celafiebearsl Sthemicgclidg gldte 1%[Iﬂ&nmiub¢dntdcuwﬂhchd@am@e of claim 19,
further conprising a 2 neans for simultaneously actuating the valves for

i sol ati the reaction sites fro
1ng ?4. II‘ﬁe system of claim 13, comprising at least 100 reaction sites.

1 15.  The system of claim 13, comprising at least 1000 reaction sites.

1 16. The system of claim 13, comprising at least 50 reaction sites

2 per square centimeter.

1 17. The system of claim 13, comprising at least SO0 reaction sites

2 per square centimeter.

1 18. The system of claim 13, 14, 15, 16 or 17 further comprising a

2 detector to detect a signal in one or more reaction sites.

1 19. A microfluidic device, comprising:

2 (a) a first plurality of flow channels formed in an elastomeric substrate;
3 (b) a second plurality of flow channels formed in the elastomeric

4 substrate that intersect the first plurality of flow channels to define an array of

S reaction sites, each reaction site located at an intersection of one of the first and

6  second flow channels;



3 each other. 1 23. A nmethod for conducting a reaction conprising: (a)
providing 2 the mcrofluidic device of claimi1, 2, or 19; (b) i6MAYEPey
at | east one reagent into 3 each of the reaction sites; and (c) detecting
the reaction at one or nore of the reagtion 4 sites. 1 24. The method of
claim 23, further conprising heating the at least 2 one reagent within the
reacti oh sites. 1 25(c)Tipdunabtyrddsadtionlvaives Ql’&posﬂd@ﬂ@grthaﬁrst@a(gsecgn@ r eagent
conpri sgs elc aci rase. hod, of .cl.aim 23,

ner e re ¢ neRrsERP AR EoRTf BRTRAERR wdrfion I 8T adie i 6.

i mmunol ®gi &alatd Racionites, awleheAitlgsikolae@ a1 vs3 oaﬂqbnaé\oﬁe aémbiefdogabl on reacti on.
1 27. The net hod of cIa|m23 wherein the reaction_is a nucleic acid 2

anpl i f1¢at Fhanngls fhat pash ovegaxand pitrseschgnelorgore T ghedewsHandElSe | ai m 23, wher ei n

the flow channel is one of a 2 plurality of flow channels, each of the flow

channel o heing 1n f14)d CORULEALIR vkt ity 'g%%%%@%ﬁ gnnels. 1 29,

The nethod of claim?23, whereint m crof | ul |c devi ce ri ses at
| east 1D0 phusadity oflguardi ekanngls30erldhrg omt drovlorefof theaflaw 2Bannalsendion ohdrer

m crofl ui dic de 2 canprises. at | east 50 eaction sites, square
Cont & et e Mot QS Teloret oo Bireis s §19 chaprgsarqsige fmdsaosv@ﬁaim i's

i nt rOduﬁPedredﬁcé/é\?a bR8oR bPEO1Bd &k th@ﬂ@w%ﬁ%e%fanﬁnﬁ réRachkpa. sites and a
second reagent 1Is dep05|ted at 3 each of the reaction sites, different

reaction sites having different second reagents, 4 thereby resul t| ng in a
di ffereht reaction | ahm vﬂhgmlﬂeﬂﬁndrosdevrc@aj@mmé’to wheteirothe gherd 5 di f f er ent

reactionh sites nmet hod .f or .cond urality of si rrul t aneous
inal yset el bt ePrRanany oo BRTESH IS sflgBo piifrorielset s i
m crofluidic device conprising 3 at |east 100 reaction sites; (b) providing

a firstyreagent to opg or TE®hfcrofluiditedevr @ icRim 19, ﬁirﬂleseorﬁpr)supg@w ding a
second reagent into one or nore of the reaction sites, whereby 5 the first

and sec%ndmeé@gr@h’é@“ﬂ@a‘%ﬁusb’cﬁcfl@ﬂﬁg thervalyes lsrisolating ihe reaghen iges T ect i ng a 6
reacti { %the first and second reagents at one or nore of the
reaction si 1" 33. The nethod of clains 32, wherein the first or second
reagent is

1 23. A method for conducting a reaction comprising: (a) providing

2 the microfluidic device of claim 1, 2, or 19; (b) introducing at least one reagent into
3 each of the reaction sites; and (c) detecting the reaction at one or more of the reaction
4

sites.

1 24.  The method of claim 23, further comprising heating the at least

2 one reagent within the reaction sites.

1 25. The method of claim 24, wherein at least one reagent comprises

2 anucleic acid polymerase.

1 26. The method of claim 23, wherein the reaction is selected from:
2 anenzymatic reaction, an immunological reaction, a chemical reaction and an

3 amplification reaction.

1 27. The method of claim 23, wherein the reaction is a nucleic acid

2 amplification reaction.



2 bound to an el astoneric substrate of the mcrofluidic device. 1 34. The
met hod of claim 32, further conprising heating the 2 reaction mi2RMAY¥ 2006
35. The nethod of claim 32, conprising at | east 500 reaction sites. 1 36.
The met hod of claim 32, conprising at 4geast 1000 reaction 2 sites. 1 37.
The nethod of claim 32, conprising at |east 50 reaction sites 2 per square
centimeter. 26 MAY 2006 59 1 38. The nethod of claim32, conprising at |east
500 reaktion sites 28per TheuethodedplaimeBewhereingbe fonechennd dgorsfofany of
claims 35, Pﬁ@alp?Zf 8% c?i?nne‘{!h%{c%' o'hﬁ{‘ﬁow%h{r%%&tla'ei)r&sih%hﬁﬂ&ﬁﬁ%ﬁﬂicilﬁ an
enzymatTc feaction, an [ nmunological reactiron, a<3 chem cal reaction and an
anpl i fizat wath nigépleibtind chai@ls. The net hod of cl aim 39, wherein the reaction
is anucleic acid 2 anplification reaction. 1 41. The nethod of claim 32,
wherein the analysis_is a_hucleic acid anal ysis, the fjrst reagent is a
reagent! that interact% wi the Eleﬂi?@l‘gicta"&@l%dwa?famtth%ms‘%r@glﬁﬂflc %"Vﬁ‘?agent is a
nucl ei ¢ ackgyprlsed 2t leIJ?QOU?éJ&HQnQiftesF:' aim 32, wherein the analysis is a
protein 2 analysis, the first reagent is a potential protein |igand, and
the second reagent is a 3 protein. 1 43. The nethod of claim 37, wherein
the potkntial protei 80l i gdhdmethoddfshlinBewhéncomthe micrgfloidic dones sting of a
prot ei n? an_anti bogly ag_enzyme. substrate an t3 enzyne cofactor, and an
enzyme T nhFHRPEes ahlegst SOFRCTH SHE PR FIF SIS T her ein the analysis is a
cell analysis, 2 the first reagent is a reagent that potentially reacts
with the cell, and tBe segapchethdded¢tih 28SwhereRl d first reagent is introduced

2 viathe single inlet into each of the reaction sites and a second reagent is deposited at
3 each of the reaction sites, different reaction sites having different second reagents,

4  thereby resulting in a different reaction involving the first reagent at each of the
5

different reaction sites.

32. A method for conducting a plurality of simultaneous analyses
in a microfluidic device, comprising: (a) providing a microfluidic device comprising
at least 100 reaction sites; (b) providing a first reagent to one or more of the reaction
sites; (¢) providing a second reagent into one or more of the reaction sites, whereby

the first and second reagents react to form a reaction mixture; and (d) detecting a

[ R " I S R

reaction between the first and second reagents at one or more of the reaction sites.

1 33. The method of claims 32, wherein the first or second reagent is

2 bound to an elastomeric substrate of the microfluidic device.

1 34.  The method of claim 32, further comprising heating the

2 reaction mixture.

1 35.  The method of claim 32, comprising at least 500 reaction sites.
1 36. The method of claim 32, comprising at least 1000 reaction

2 sites.

1 37. The method of claim 32, comprising at least 50 reaction sites

2 per square centimeter.
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38. The method of claim 32, comprising at least 500 reaction sites

per square centimeter.

39, The method of any of claims 35, 36, 37, or 38, wherein the
reaction is selected from: an enzymatic reaction, an immunological reaction, a

chemical reaction and an amplification reaction.

40. The method of claim 39, wherein the reaction is a nucleic acid

amplification reaction.

41.  The method of claim 32, 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 nucleic acid.

42, The method of claim 32, wherein the analysis is a protein
analysis, the first reagent is a potential protein ligand, and the second reagent is a

protein.

43,  The method of claim 37, 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.

44, The method of claim 32, wherein the analysis is a cell analysis,
the first reagent is a reagent that potentially reacts with the cell, and the second

reagent is a cell.





