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(57) Abstract:  Microarray devices fabricated
using microfluidic reagent distribution techniques
are provided. As described herein, the invention
encompasses microfluidic microarray assemblies
(MMA) and subassemblies and methods for their
manufacture and use. In one embodiment first
and second channel plates are provided which
may be sealed to a test chip in consecutive steps.
Each channel plate includes microfluidic channels
configured in a predetermined reagent distribution
pattern. For example, the first channel plate may
have a radial (linear) reagent distribution pattern
and the second channel plate may have a spiral
(curved) reagent distribution pattern, or vice
versa. In one embodiment the first channel plate
is connected to the test chip and at least one first
reagent is distributed on the test chip in a first
predetermined reagent pattern. The first reagent
is then immobilized on the test chip. Next, the first
channel plate is removed, the second channel plate

\& is connected to the test chip and at least one second reagent is distributed on the test chip in a second predetermined reagent pattern.
& The first and second reagent patterns intersect to define a plurality of microarray test positions on the test chip. In one embodiment,
B the first reagent may comprise a plurality of separate probes each distributed to selected test position(s) of the microarray and the
& second reagent may comprise a plurality of test samples each distributed to selected test position(s) of the microarray. Positive or
& negative reactions between the probes (or other first reagent) and test samples (or other second reagent) may then be detected at
the microarray test positions. For example, hybridization between selected nucleic acid probes and selected nucleic acid samples
may be detected at particular test positions. The invention thus provides an efficient means to fabricate high density multi-probe,
multi-sample microarrays. Preferably the test chips and channel plates are circular and centrifugal force is used to achieve fluid
flow through the microfluidic channels, such as by rotating the MMA in a disc spinner.
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MICROFLUIDIC MICROARRAY ASSEMBLIES AND METHODS OF
MANUFACTURING AND USING SAME

Related Application

[0001] This application claims the benefit of fhe filing date of United States
provisional patent application No.'.60/634,‘598 filed 10 December 2004 which is hereby

incorporated by reference.

Field of the Invention

[0002] This application relates to the manufacture and use of microarray

devices using microfluidic reagent distribution techniques.

, Backgi‘ouhd

[0003] ‘ DNA mlcroarray chxps are well known in the prior. art Such

microarrays are typlcally formed either by on-chxp photohthographlc synthe51s of

: ohgonucleotldes or by on-chip spotting of synthesized ohgonucleotldes. Both
anproaches ha\}e 'signiﬁcant lifnifations. The photolithographic synthesis method is
expensive, limited to 50-mer (-).ligonu.cleotide synthesis. and cannot be used for »cDNA .

 The spottmg method uses expens1ve robots and pins, and wastes the ohgonucleotlde
samples unless many m1croarray slides are prepared durmg one spottmg procedure In
both cases, each microarray slide created can be used w1th only one sample Therefore,
multiple samples typically require the use of multlple mlcroarray slides. Moreover,

microarfay slides usually require large voiumes of sample (e.g. 200 uL).

[0004] In some cases the spotting method has been perfomed on chips
containing'microﬂuidic channels.?*#:%:¢:7 While spotting o-ligonucleotides into a
microfluidic channel may reduce the required sample ‘volume, the density of the
resultant ‘microarray is limited by the space required cn the chip required to

accommodate complicated liquid handling interfaces, such as microtubes, micropumps
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 electrical contacts and the like. Heretofore high density microarrays have not been
successfully achieved using microfluidic techniques. For example, some groups have
used a stencil approach to ereate parallel, linear ‘m‘icrOﬂuidic channels on separate
chips.?’ 510,11 The microfluidic channels are then ttsed to generate microarrays at
intersecting points between the linear channel patterns. However, this approach has
thus far'not been employed to generate high density arrays (i.e. greater than about 16 X
‘ 16 channels)."”” This is likely due to the difficulty in reliably flowing reagent fluid
through large numbers of microchannels usirrg conventional fluid delivery techniques,
such as electrical current or pressure pumping. For example, it is technically difficult
and cumbersome to couple miniature electrical connections or pump conduits to large
numbers of microchannels without causing fluid leakage or other undesirable chip

failures.

[0005] . Apart from electric and pressure pumpmg, the use of centrifugal force is
known in the prror art in some DNA hybridization apphcatrons using pre-spotted -
microarrays,'> '4 151617, 18,19, 20, 21 g, example, DNA hybridizations have been
~ achieved on circular discs in which centrifugal force has been used to pump liquids
~ through radial channels in which a microarray is spotted However, in this example
the liquid pumpmg method is used in the radral direction only and is used only once on

the chip. Centrlfugal pumping has thus far not been used to form an mtersectmg pattern

of reagents ona microarray ch1p

[0006] The need has therefore arisen for improved devices and methods for
producing mrcroarray devrces using microfluidic techniques to enable the efficient

testing of multl-probe multi- -sample reagent combmatrons

Summary of Invention

[0007] - In accordance with the invention, a microarray device fabricated using
microfluidic reagent distribution techniques is provided.- As described herein, the

invention encompasses microfluidic microarray assemblies and subassemblies and
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methods for their manufacture and use. -

[0008] In one embodiment of the.invention, the microarray device comprises a
test chip having a plurality of discrete, spatially predetermined test positlons each of
the test pos1t10ns bemg located at the intersection between a first predetermmed reagent
pattem and a second predetermmed reagent pattern. In one embodrment at least one of
the ﬁrst and second predetermined reagent patterns is non- hnear For example at least
one of the predetermmed patterns may be a sp1ral pattem In one pamcular.
embodiment, one of the predetermmed reagent patterns isa radlal pattem and another
of the predetermmed reagent pattems is a sprral pattern. In another particular

embodiment, both of the predetermined reagent patterns are spiral patterns.

[0009] | The microarray | device also.’ comprises channel plates - having
rnicroﬂuidie channels 'conﬁgur'ed for distrihuting. reagents on the test chip in. the
predetermined reagent patterns when the channel plates are sealingly connected to the
' test chip. For example, a ﬁrst channel plate may be provided havmg a plurahty of ﬁrst
mlcroﬂuldlc channels for distributing at least one ﬁrst reagent on the test chip in the |

ﬁrst predetermined reagent pattern. Slmllarly, a second channel plate may also be

o .prov1ded having a plurahty of second m1croﬂu1drc channels for d1str1but1ng at least one-

' second reagent on the test chrp in the second predetermmed reagent pattem In use, the
first and second channel pla_tes may be connected to- the test chip separately and
consecutively. For example ln one embodiment the first channel plate is connected to
the test ch1p and the at least one first reagent is dlstrlbuted on the test chrp through the
ﬁrst microfluidic channels in the first predetermined reagent pattern. The ﬁrst reagent
is then immobilized on the test chip. Next, the ﬁrst channel plate is removed, the
.second channel plate is connected to the test chip and the at least one second reagent is
distributed on the test chip throughthe second microfluidic channels in the second

predetermined reagent pattern.

[0010] In one emhodiment, the at least one first reagent may 'comprise a
plurality of separate probes each distributed to selected test position(s) of the

3
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mlcroarray in the first predetermined reagent pattern and the at least one second reagent
may,colnprise a plurality of test samples each distributed to selected test positioﬁ(s) of
the microarray in-the second predetermined reagent pattem. Positive or negative
reactions between the probes (or other first reagent) and test samples (or other second
reagent) may then be detected at the microafréy test- positions. For example,
" hyblridization between selected nucleic acid prbbes and selected nucleic acid samples
may be detected at particular test positions. - In .additionv to- nucleic acids and
oligonucleotides “the first and second reagents may be selected fronl the group
cons1st1ng of proteins, peptides, peptide- nucle1c ac1ds, ol1gosacchar1des antlgens
immunoglobulins, cells organelles cell fragments, small molecules and chimeric

molecules.

[0011] Various means may be provided for eausing lhe first and second
reagents to flow through the respective first and second microfluidic channels. In one
particular embodiment, the test chip and the first and second channel plates are
| centrosymmetrical for example circular. Subassemblies cemprising the chip and one
'_-or more plates may be convemently loaded into a spmmng apparatus to generate

- centrifugal forces sufficient to cause fluid ﬂow through the microfluidic channels.

Brief Description of Drawings
[0012] = - In drawings which illustrate variou_s‘ embodiments of the invention but

which are not intended to be construed in a limiting manner:.

[0013] Figure 1 is a schemétic view showing the assembly steps for fabricating

a microarray device by combini‘ngla test chip and first and second channel plates.

[0014] Figure 2A is.a schematic view of a first channel plate having a plurality

of first microfluidic channels configured in a radial pattern.

[0015] Figure 2B is a schematic view of second cllannel plate havirlg aplurality'
of second microfluidic channels configured in a spiral pattern.

4
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[0016] Figure 2C is schematic view showing a first dimensional centrifugal
force (F) used to distribute liquids in the radially configured first microfluidic channels

of Figure 2A.

[0017] Figure 2D is a schematic view showing a. second dimensional
centrifugal force (Fcosa) used to distribute liquids in the spiral second microfluidic

~ channels of Figure 2B.

[0018] ‘ Frgure 2E isa schematrc v1ew showmg the first channel plate sealmgly‘

connected to a test chlp

_ [0019]' ' F1gure 2F is a schematrc view. showing the second channel plate

sealmgly connected to the test chip after removal of the ﬂrst channel plate

[0020] F i_gure 2Gisa schematic view of a test chip showing positive test results - » |

at select microarray test positioné after removal of the second channel plate.
- [o021] - . Flg_ure 3A isa 'schematic view of a blank test chip'.

[0022] L Flgure 3(B1) is a schematrc vrew of a first channel plate havmg a_‘

o pluralrty of first. mrcroﬂuldlc channels conﬁgured ina rlght spiral pattem

' [0023] ’ Flgure 3(B2) is a schematrc v1ew of a second channel plate havmg a

‘ pluralrty of second mlcroﬂuldlc channels conﬁgured in a left sprral pattern 4

[0024] Figure 3C is a schematic view showing the intersecting reagent

distribution patterns on the test chip.

[0025] Frgure 3D is a schematlc view showmg posrtrve test results at
microarray test positions located at the intersections between the reagent distribution

patterns of Figure 3C.

. -[0026] . . Figure 4A is a plan view of a,ﬁrst channel plate having a plurality of
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closely spaced first microfluidic channels configured in a right spiral pattern. The inset

shows selected channels in fluid communication with fluid inlet reservoirs.

[0027] - Figure 4B is a plan view of a second channel plate having a plurality of
closely spaced second microfluidic channels conﬁgnred in a left spiral pattern. The

inset shows selected channels. in fluid communication with fluid inlet reservoirs. -

[0028] Flgure 4Cis a plan view showmg thie 1ntersect1ng reagent dlstrlbutron :
patterns applled to a test ch1p " The 1nset shows selected test positions formed by the

intersections of the first and second reagent d1str1but1on patterns .

[0029] | _ - Flgure 5 isa schematrc d1agram showmg the components of centrlfugal :
force (G) actlng on a sp1ral m1croﬂu1d1c channel. An equrforce splral channel is .
deplcted with the polar coordmates of r and B The splral curve starts at ro and Bo at an
angle of 3 ¢ that the splral curve makes with the radrus The sp1ral curve ends at ry. TheA
itop right inset shows an 1nﬁn1tes1mal section of the curve showmg the angular relat1on

| _ between rdp and dr.

| [0030] - Figure 6(A) - (C) are schematic View shoWing the fabrication of a |

n mlcroarray device for use in detectrng DNA hybrrdlzatlons (A) Fi 1rst channel plate The

e mset shows the radrally extendmg first mlcroﬂurdlc channels and the actual appearance o

of a plurality of PDMS channels. (B) Second channel -plate. The inset shows the
spirally extendrng second mrcroﬂuldrc channels and the actual appearance of a plurality
of PDMS channels (C) Test chip. The inset shows the discrete test posrtlons located at

the 1ntersect10ns between the radial and spiral fluid d1str1butlon patterns

[003 1] o Figure 7 shows theldimensions ofan embodiment of a first channel plate
having a radially extending fluid distribution pattem, including a cross-section of the

plate.

[0032] Figure 8 shows the dimensions of an embodiment of a second channel |
~ plate having a spirally extending fluid distribution pattern, including a cross-section of

6
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the plate.

[0033] | Figure 9 shows the dimensions of an alternate embodiment of second

channel plate.

[0034] - Figure 10 ‘shows hybridization ‘yresul_ts ‘on a-microarray device. The
sequences of the DNA probes (A and B) and the DNA samples_'(A’ and B’) are's.hown.‘
(a) Fluorescent image of speciﬁc hybridizations between‘nucleic acid reagents. The
right inset shows a portion of the mlcroarray test positions 1nd1cat1ng spemﬁc

hybr1d1zat1on (b) The rectangular array obtamed after i image transformation.

[0035] | | Figure 11 shows hybrldization results presented in rectangular format
(a) Hybridizations at room temperature by vanous sample concentrations 0.1-2nM)
and volumes (1 or 10 uL) for the study of sample utilization and detection llmltS. The
rows. represent th'e‘probes‘(A and B) ﬁrSt immobiliied via the radial microtluidic :
channels (horizontal)" whereas the colurnns‘.repr‘esent various samples' (0N and B") :
1ntroduced v1a the spiral microﬂu1d1c channels (vert1cal) in the flow d1rection glven by
the hollow arTow. The bottom 1nset shows the hybridization results in the boxed region
- but scanned at a higher detector sensrt1v1ty (b) Hybridizations of sample A’ to probe A '
.but without repeated hybrldizatlons over 22 51tes of probe B. The sample concentration 8
is 1 nM and the sample volumes are 5 or 10 uL (c) Hybrldizations of 6 columns of.--"
’samples obtamed at S temperatures (22 5, 31. 5, 36. 5 41 .5 and 48 5 °C). The :.
arrangements of sample volume (1 uL) and»concentratlon‘(l, 2 and 5 nM) in all block_s

~ are the same as in the left lowermost block.

[0036] Figure 12 is a photograph showing hybridization tests conducted in one
embodiment of a microarray device fabricated in accordance with the invention. The
.image of the whole device depicts 6 radial lines of probe A, showing successful probe
immobilization. The first inset shows the test positions formed after successful
hybridization of probes and samples loaded in the microarray device. The second inset

is a magnified view of 3 discrete square-shaped test positions.’
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[0037] Figure 13 is a photograph of an embodiment of a microarray device
comprising a second channel plate sealed with a test chip. Dyed solutions are loaded
into four center inlet reservoirs and the deVice is spun. 'The. insets show the appearance

of two inlet reservoirs (A, C) and two outlet reservoirs (B, D).

1[003 8l - Figure 14 isa series of graphs showing theotetical model and sensitivity

tests of centrxfugal pumping in the. splral m1croﬂu1d1c channels (A) The transit times of -
the flow in 96 spiral microfluidic channels were plotted agamst distance. (B) The
velocities of the flow as calculated from the slopes of all 96 traces in (A) © Curve
ﬁttmg of the exper1mental data in one trace (c1rcles) to the theore’ucal model (llne)

resulting in R 0.9995. (D) Sen51t1v1ty test of S-Fo (1/2 1/4, 1/8, l/l6 and 1/32 of the

‘or1g1nal value). (E) Sensmwty test of V150051ty (1/2,.1/4, 1/8, 1/16 and 1/32 of the |

or1g1nal Value) (F) Sen51t1v1ty test of F (2, 4 8, 16, 32 time of the or1g1nal value). (G)

Schematic dlagram ofa smgle spiral m1croﬂu1d1c channel near the 1nlet reservoir. -

[0039] _ F1gure 15 is a schemat1c v1ew of a method for conductlng cellomlcs’ :

studles usmg a mlcroarray dev1ce in accordance w1th the 1nventlon
[0040] = Figure16isa reactionfSCherne for forming various 1,3 dioxanes.

, '{"[0'041'] Flgure 17 isa table- showmg the step wise- synthes1s of a 1 3 dxoxane

’_ x hbrary ona mlcroarray dev1ce

[0042] F1gure 18 is a schlematlc view of a single channel plate used for'~ '

conductmg 2-D proteln separatlons

Detailed Description of the Invention

[0043] Throughout the following description specific details are ‘set forth in
order to provide a more thorough understanding of the invention. HoWever; the
invention may be practiced without these particulars. In other‘instances, well known

elements have not been shown or described in detail to avoid unnecessarily obscuring
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- the present invention. Accordingly, the specification and drawings are to be regarded in

an illustrative, rather than a restrictive, sense. _

[0044] With reference to the enclosed drawings, this invention relates to
microarray devices fabricated using 'microﬂuidic reagent. distribution techniques The'
1nvent1on encompasses mrcroﬂu1d1c mrcroarray assembhes and subassemblles and

methods for the1r manufacture and use.

'[0045] - The general concept of a ﬁrSt embodiment of the invention is shown in -
Figures 1 and 2. In thlS embodlment a m1croﬂu1d1c mrcroarray assembly (MMA) 10 is
1llustrated wh1ch is produced by the combmatlon of a test ch1p (or common chip”) 12
and a ﬁrst channel plate 14 and/or a second channel plate 16. As descrlbed in detall
below channel plates 14, 16 may be each separately ‘connected to test chrp 12 in -
consecutwe order to deliver reagents to test ch1p 12 (such as probes or test samples) in -
' predetermmed patterns deﬁned by mlcroﬂurdrc channel patterns That is, in one-
example, first channel plate 14 is ﬁrst seahngly connected to test chip 12 to dellver a

pluralrty of probes thereto. First channel plate 14is then removed from test ch1p 12and -

- second channel plate 16 is seahngly connected to test chip 12 to dehver a plurahty of o

samples thereto. . The 1nvent10n thus enables the eﬁlaent formatlon of high densrty

‘V mult1 probe mu1t1 sample m1croarrays by employmg mlcroﬂuldlcs

[0046] _ | As shovun' best in Figures 1' and 2, ﬁrst channel plate 14 has a plurality‘ of
frrst microﬂuidic channels (or “microchannels”) l8 'arranged in a first predetermined
reagent pattern 18A, such as a radlal pattern comprrsmg a plurality of lmear radlally'
extending segments. In the example of Flgures 1 and 2, ﬁrst channel plate 14 has 24
separate radially extending mlcroﬂuldlc channels 18. S1mllarly, second channel plate -
16 has a plural1ty of second m1croﬂu1d1c channels 20 arranged in a second
predetermmed reagent pattem 20A, such as a spiral pattern. In the example of Figures .
1 and 2, second channel plate 16 shown in Figures 1 and 2 has 4 separate spiral

microfluidic channels 20.
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[0047]' Reservoirs are located at each end of microfluidic channels 18, 20 in
fluid communication therewith. ‘More particularly, each first niicroﬂuidic channel 18
has an inlet reservoir 22 at one end thereof and an outlet reserv_oir 24 at the other end'
thereof and each second microfluidic channel 20 has an inlet.reservoir 26 at one end
thereof and an'.outlet reservoir 28 at the other‘end thereof (Figures 2A and :2B) In the
case of high densrty microarrays the 1nlet and/or outlet reserv01rs may be staggered in

rows to fit w1th1n the available space on MMA 10 (Figures 4 and 6 - 9)

[0048] As explained 1n detail below, first and second predetermmed reagent

_. -pattems 18A 20A; and hence the geometric configurations of first: and second‘

' m1croﬂu1d1c channels 18 20, preferably differ. For example, first predetermined' -
reagent pattern 18A may. be a rad1al pattem and secdnd predetermined reagent pattern :
20A may be a spiral pattem ‘or vice versa. This results in an 1ntersect1ng pattem of
reagent deposition on test ch1p 12 when each of the channel plates- 14, 16 is

, consecutrvely sealed to test chip 12 and reagents are flowed through microﬂuidic

. channels 18 20 as described below.

[0049]' For exarnple in Figures 1 and -2E When ﬁrst' channel plate 14 is sealed, V

. with test ch1p12 one or more ﬁrst reagents can be loaded 1nto inlet reservoirs 22 and S

V' ﬂowed through ﬁrst mlcroﬂuidrc channels 18 to outlet reservoirs 24, Thrs results in the' '
| distribution of the ﬁrst reagent ina radlal pattem 18A on test chlp 12 As described

below, the first reagent is then 1mmob1hzed on test chip 12 and ﬁrst channel plate 14 is 5
removed. Second channel plate 16 is then sealed to test ch1p 12 (Flgure 1 and 2F). One |
or more second reagents are loaded mto mlet reservoirs 26 and ﬂowed through second
microfluidic channels 20 to outlet reservoirs 28._ This results i in the distribution of the .
second reagent in a spiral pattern 2OA on test chip 12. The intersection points»between
first and second predetermined patterns 1_8A, 20A (in this case the radial pattern and the
. spiral pattern) defines a plurality of rnicroarra).' test positions 30 on test chip 12 Ifthe =
ﬁrst reagent reacts with the second reagent at select test pos1tions 32 a posmve test .

“result is obtained (Figure 2G) For example as discussed further below a posmve test

100
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result could 1nd1cate reaction (e.g. hybrldrzatlon) between the first reagent and the
second reagent formatron of a reaction product, modlﬁcatron of a biochemical or

cellular parameter or the like.

B [0050] ~ The nurnber of mircroarray test positions 30which are created from the

) interse_ction point_s of first and second predetennined re'agent patterns A.18A-, 20A_‘0n t_est
chip 1.2 depends upon the number and conﬁguration of microﬂuidic channels '18 20 0n -

'  first and second channel plates l4 16, respectrvely For example in this embodtment

of the invention, each line of the first reagent pattern produced by first mrcroﬂurdrc

channels 18 intersects only once wrth each line of the second reagent pattern produced;

- by second mrcroﬂu1d1c channels 20 Thus if first channel plate 14 has X m1croﬂu1d1c '_ o

channels 18 and second channel plate 16 has y mlcroﬂuldrc channels 20 the resultmg _'
microarray has x*y number of i 1ntersect10n pomts or ‘test posrtlons 30 In Frgures land
2, first channel plate 14 has x= 24 radial mrcroﬂu1d1c channels 18 and second channel. a |
plate 16 has y—4 sp1ral mrcroﬂurdrc channels 20 The resultmg mlcroarray has 24*4 =

96 test pos1trons 30 on test ch1p 12. Preferably, there is only one 1ntersect10n pornt

K between each hne of the ﬁrst reagent pattern produced by first m1croﬂu1d1c channels 18

and each line of the second reagent pattern produced by second mrcroﬂurdlc channels :

20. However it 1s possrble to desrgn first and second channel plates 14, 16 w1th ﬁrstj o

" and second predetermmed reagent patterns 18A 20A havmg more than one 1ntersectron, -
point between each set of lines. “Further, the first and second reagent_dlstr_lbutlon
patterns formed on test chip 12 may in some cases comprise a plurality of discrete

~ reagent spots rather than a continuous line or lines of reagent.b

‘ [0051]. | Figure 3 shows another example of the general concept of the invention.
In th1s embodiment both first and second channel platesl4 16 produce non-linear
reagent drstrrbutlon patterns on test chip - 12 In this embodrment the ﬁrst
predetermmed reagent ‘pattern 18A may be a rlght sprral pattern and the second
predetermmed reagent pattern 20A may be a left s_prral pattern, or vice versa. Figure 3A_

shows test chip 12 having no reagents distributed thereon. Test chi‘p 12 is sealed with
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first channel plate 14 having four microﬂuidic chann'els-lS (a— d) arranged i'n.a right’
sprral pattem 18A One or more ﬁrst reagents can be loaded 1nto and flowed through
first mlcroﬂu1d1c channels 18. ThlS results in the drstrrbutron of the first reagent ina
right spiral pattern 18A on test chip 12 As descrlbed below the first reagent is then
_ 1mmobllrzed on test chip 12 and first channel plate 14 is removed Second channel
© plate 16 havmg four m1croﬂu1d1c ohannels 20(1 - 4) arranged in a left splral pattern
" 20A s sealed with test chip 12. One or more second reagents is loaded into and ﬂowedl
‘ "through second’ m1croﬂu1drc channels 20 and results in the dlstrrbutmn of the second
reagent in a left sprral pattem 20A on test ch1p 12 The 1ntersectlon points between ﬁrst : "
: and second reagent patterns 18A, 2OA deﬁne a mrcroarray of test pos1t10ns 30 (e g. la,
‘ lb lc 1d, etc. - Flgure 30). Pos1t1ve test results between ﬁrst and second reagents
may occur at select test posrtrons 32. (Frgure 3D) In F1gure 3, ﬁrst channel plate 14 has
x=4 rrght spiral microfluidic channels 18 and’ second channel plate 16 has y—4 left'
~ spiral microfluidic channels 20. The resulting microarray has 4*4 =16 test posrtrons 30

on test chip 12.

.‘_[0052] ‘ : It w1ll be apprecrated by a person skllled in the art that alrgnment ‘.

" between ﬁrst predeterrnmed reagent pattern 18A and second predetermmed reagent S

pattem 20A on test chrp 121 is not crrtrcal and an 1ntersect1ng angle of exactly 90 degrees'

- is not requlred Persons skilled i in the art wrll also apprecrate that the arrangement of

| first and second microfluidic channels 18 20 in ﬁrst and second channel plates 14 16 |
| are mterchangeable. In other words, first channel plate 14 may have first microfluidic
channels 18 arranged in a'spiral pattern and‘ second channel plate 16 may have second
microfluidic channels 20 arranged in a radial pattern (Figures 1 and 2). Similarly, first
channel plate l4 may have first microﬂuidic'channels 18 arranged ina left spiral pattern
and second channel plate 16 may have second microfluidic channels 20‘arranged in a.

- right spiral pattern (Figure 3).

[0053] It will also be. apprec1ated by a person skrlled in the art that many "~ -

varratrons in the configuration of ﬁrst and second predetermmed reagent pattems 18A,
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20A are possible. For exarnple, the spiral pattern of second channel plate. 16 of Figures
1 and 2 .com‘prise 360° or “full spirals”. In other examples other spiral configurations
or other curved patterns could be employed. For example, the left and right spiral
 patterns of Figure 3 are 180° or “half spirals”. This ensures'that each left spiral segment
will interSect with each right spiral segment only once (to}form onle'test pOSitionl30)_.
Further, as explained below, the spiral geometries may, l)e selected to-conferledui"force‘
characteristics; thereby ensuring that liquid ﬂows‘through"each of . the:microﬂuidic
channel segments at approkimately equal ﬂow rates' when centrifugal force is applied
Other sprral geometrles or other non- lrnear pattems may also be employed such as

‘ equrangular sprrals

| [0054] Test chip 12 may be made ofa varrety of materrals for example glass ‘
Test chip 12 may also be coated w1th drfferent compounds for example a glass chrp
'may be aldehyde- funct10nalrzed Channel plates 14, 16 may be made ofa polymerrc o ‘

'mater1al for example polydrmethylsﬂoxane (PDMS)

' 'i."[OOSS] o Flgure 4. shows dlagrams of ﬁrst and second channel plates 14 16‘: ﬁ‘:'. |

havmg 96 hlgh densrty m1croﬂu1d1c channels F 1gure 4A shows a ﬁrst channel plate 14 -

' havmg 96 mrcroﬂurdrc channels 18 arranged ina r1ght sprral pattern The 1nset shows

L 1nlet reservoir 22 for loadmg a first reagent theremto Frgure 4B shows second channel

plate 16 having 96 m1croﬂu1d1c channels 20 arranged in a left sprral pattern. The inset
: shows inlet reservoir 26 for loadmg a second reagent theremto F1gure 4C shows the
mtersectron points of the two ‘spiral pattems of first and second channel plates 14, 16

The mtersectron pornts define a dense mrcroarray of 9216 (96 X 96) test posrtlons 30

- [0056] ~ In alternative embodiments of the in\ientiOn, the MMA 10 may. b.e. ‘
formed from the “assembly of one or more additional_channel plates. Such additional
channel plates may comprise microfluidic channels arranged in a similar pattern to -
either lirst or second channel.plates‘ 14, 16, or' the microﬂuidic channels may.bev
arranged in other patterns, and may‘be used to deliver additional reagents, reagent

| primers or other reagent modiﬁers,'detectors or_oth'er materials to test p‘olsitiOns 30 on

13-
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test chip 12.

[0057] . In another embodlment of the mvent10n ﬁrst and second channel plates
14, 16 may be sealed to each other and used w1th or wrthout test chip 12. In thrs
embodrment first and second channel plates 14, 16 may 1nclude some means for :
preventmg ﬁrst microfluidic channels 18 from bemg in fluid communication w1th
second m1croﬂu1d1c channels 20 when respectrve ﬁrst and second reagents are ﬂowed
therethrough ‘For example assembled plates 14 16 could contain membrane valves
In another example regulated fluid flow through channels 18, 20 could be achieved by
spmnmg the plates at dlfferent speeds to achreve select1ve fluid ﬂow through channels _
having different geometrlc patterns (e.g. radlal (lmear) channels versus splral (curved)

channels). _

[0058]. . For commerc1al product1on,‘ 1mmoblhzat10n of one or more first
reagents could be done in a factory and users, could purchase a pre- -fabricated test Chlp
12 w1th one or ‘more ﬁrst reagents pre-afﬁxed to test chip 12 m ﬁrst predetermmed’ '
- pattern 18A. - For example the. ﬁrst reagents could consrst of a plurallty of drfferent ..
bprobes arranged in an array correspondmg to pattem 18A Such a pre fabrlcated test_ o
-chip 12 could be used w1th one or more channel plates 16 for applymg one or more". "
- second reagents to test chlp 12 in a second predetermmed reagent pattern 2OA Any :
' reactlons between the first reagents and the second reagents at test locat1ons 30 could be .
determmed by the user. A]ternatrvely, users could purchase a kit compr1smg test chlp :
_ '12 and two or more channel plates 14, 16; in this case users could perform both the
steps of dlstrlbutmg and 1mmob11121ng the first reagent on test ch1p 12 as well as testing
of reactions between the ﬁrst-and second reagents on test ch1p 12 (e.g. between pr'obes

and test samples).

| [0059] - As explained above, ‘the lnvention en_compasSes methods for both
fabricating and using microarray.devices, such as MMA 10. Various means may be
used to induce and regulat_e the flow of reagent(s) deposited on chip 12 for the purpose
of microarray formation and testing. In use, after.ﬁrst channel plate 14 is sealed with

1.4. |
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test chip 12, one or more first reagents are loaded into in_letreservoirs 22 of first
microﬂuidic channels 18. To initiate,theflowof and to distribute the first reagents in
first microfluidic channels 18, a force is applied to MMA 10 (Figure 2E). As explained |
further below, various types of forces may be applled to MMA 10 to induce ﬂuid ﬂow
such as centrifugal force applied by spinning MMA 10 ‘The first reagents are then' :
immobilized or fixed on test Chlp 12. Immobihzation of the first reagent may be
achieved by various techniques ‘which are known _to persons skilled in the art. For . '
example, immobilization can be achieved bylchemical,: mechanical, or.biochemic'al B

metliods such as covalent binding, adsorption cellular adhesion, protein¥protein ,

,_mteractrons ‘polymer encapsulation and 50 forth. As described further below one L

example of chemical 1mmobihzation is Schiff base linkage formed between amine and |

, aldehyde groups on test ch1p 12

[0060] - If necessary, a priming ‘reagent for priming the ﬁrst reagents may be '
| similarly loaded into and dlstributed through ﬁrst mlcroﬂuldic channels 18 by applylng
P | a force to MMAlO Other reagents for. modifying or labelmg the ﬁrst reagents 1n some

L manner could also be used in alternative embodiments of the mvention

| . _l[006lj : v | After the first reagent is dlstributed and 1mmobllized on test chip 12 as’

o ”described above ﬁrst channel plate 14 1s then removed In the next step, second;-- :

: ,' channel plate 16 is sealed w1th test chip 12. One or more second reagents are loadedi
’ into mlet reservoirs 26 of second mlCI'OﬂUIdlC channels 20 A force is applied to MMA
10 (Figure 2F) to cause the second reagents to ﬂow and become distrlbuted through - |
second microfluidic channels 20. If necessary, a prlmmg reagent or other reagent for
modifymg or. labelmg the second reagents may also be applied through second
microfluidic channels 20. At test positions 30 the first reagents are exposed to the
second reagents. - If the first and second reagents are capable of reactmg with one

another, this results in a positive test reaction at select test positions 32.

[0062] . Ina further step, the pos1t1ve test reactions between the ﬁrst and second
reagents are detected usmg methods which are well known in the art F or example
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fluorescence labeling, biotin labeling, reflectance measurements, and so forth can be
.used. In addition, novel detection methods such as surface plasmon resonance may also

be used. -

- [0063] Once reagents are loaded 1nto one or more 1nlet reservoirs 22, 26,
various means may be used to mduce ﬂUId flow through m1cr0ﬂu1d1c channels 18 20 '
1ncludmg the apphcatlon of centrlfugal electrokrnetlc or hydrodynam1c forces The '
apphcanon of centrrfugal force sometrmes referred to as centrrfugal pumpmg ,
prov1des partlcular advantages Centnfugal force may be s1mply apphed by splnmng
MMA 10ina drsc spmner and avo:ds the need for comphcated ﬂu1d handlmg 1nterfaces. |
As shown in Fi 1gure 2, d1str1but1on of reagents by apphcatron of centr1fugal force is -
poss1ble for m1croﬂu1d1c channels 18 20 arranged in either a radial pattern or a sp1ral
pattern More partlcularly, when ﬁrst channel plate 14 havmg first m1croﬂu1dlc
channels 18 arranged i in a radlal pattem 18A is. sealed agamst test ch1p 12 direct '

- centrifugal force (F) is used to dlstrrbute the ﬁrst reagent through mlcroﬂuldlc channels- -
.18 by loadmg MMA 10:in a splnmng dev1ce and spmnmg MMA 10 (Flgures 2C and |

' 2E) When second channel plate 16 havmg second m1croﬂu1drc channels 20 arranged

~ina splral pattem 20A is sealed agalnst test ch1p 12 and the resultmg MMA 10is spunin '

’ "a spmmng devrce a component of centrlfugal force (Fcosa) is used to drstrlbute the. -

second reagent through second mlcroﬂurdlc channels 20 (Flgures 2D and 2F)

' [0064] FWhen centrifngal force is used, reagents are loaded into inlet reservoirs_
‘22, 26 at locatlons near the centre of channel plates 14, 16 respectively. To énsure that
all the liqnids in inlet reseryoirs‘2‘2 26 are'dlstributed into first and second '.microﬂnivdic
channels 18 2() wrthout sp1llage and are retalned in outlet reservoirs: 24, 28 whrle
spmmng the chip, 1nlet and outlet reserv01rs 22, 26, 24, 28 may be dlsposed at an
oblique angle (for example, <90° relatlve to the central axis of the channel plate). In
different embodiments, the reservoirs can carry between 0.1 microlitres land 100
microlitres of reagent dep_ending o.n the size of channel ‘pllates 14, 16 and microfluidic "

channels 18, 20 formed therein. In one embodlrnent,(the microfluidic channels 1_8,»20

C1e
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may be on the order of approximately 60 um wide and approximately 20 um deep, :
although many variations are possrble When MMA 10 is spun, the ﬂurd in the mlet
reservoirs 22, 26 is drrven 1nto ﬁrst or second mICI‘OﬂUIdIC channels 18, 20." The fluid
then moves outwardly along ﬁrst or second mrcroﬂurdw channels 18,20 unt11 1t reaches

' correspondmg outlet reservorrs 24, 28 near the perrphery of MMA 10, thereby

‘ drstrlbutmg the reagents along the length of mrcroﬂurdlc channels 18, 20.

' [0065] - The‘ﬂow speeds of the reagents in ﬁrstor second microfluidic chann‘els' ,
18 20 can be controlled by adjustmg the rotatron speed of MMA 10. For example the ,‘

: ﬂow speeds can be between 200 rpm and 10 OOO rpm. Thus the res1dence t1me or the
reaction trme of reagents can be’ controlled 1e the trme can be adjusted to be long: '

enough to allow for reactlons but short enough to’ save analys1s tlme

[(.)'066] - As'discusSed labove ﬁrst :and/or secondmicroﬂui'dic channels 18‘ ‘20
» may be arranged in a sprral shape in one embodrment of the 1nvent1on It wrll be
._ apprecrated by persons skilled in the art that any type of sprral shape may be used .
.However to achieve umform and quantrtatrve hybrrdrzatlon (or other types of a
reactrons) it is desrrable to ensure an approxrmately constant flow velocrty of quurd
- reagents in the splral mlcroﬂurdlc channels 18, 20 If the sample volume of the .

- “ ' reagents is many tlmes larger than the channel volume, thrs constant velocrty de51gn for '

L sprral mrcroﬂurdlc channels may not be necessary because there 1s contmuous 11qu1d

" flow in the m1croﬂu1d1c channels However when a small volume of reagent is used

- (e.g. 1 uL), an approximately constant flow velocrty of quurd reagents is desrrable.

[0067] ‘ As described below, the inventors use equiforce spiral patterns in some -
embodlments of the invention to optimize reagent-flow characteristics. The use of

spiral microfluidic channels 18, 20 has other advantages. For example, Vspir_al patterns.

allow for more efficient use of space on MMA"IO to achieve enhanced microarray e

densrtres In the embodiment of the 1nventron where two sprral pattems are used thls )

also provrdes for a symmetrrcal mlcroarray test posrtlon pattern.

B VAR
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[0068] N As will he apparent to a person skilled in the art, when a cifculaf disc is’
spun the centnfugal force increases from the centre of the d1sc towards the perlphery of
the disc. Thus as the centrifugal force increases, the linear speed of fluid in the splral
channels also increases: Thus, to overcome th1s increase in speed and to achleve an

approx1mately constant linear speed a speual equlforce splral shape has been de51gned

to be used w1th this invention. The prmcxple of the equlforce splral de31gn is descrlbed L

as follows

.[0069] o Referrlng to Flgure 5 the strategy in the de51gn of the equlforce splral
curve is to increase the angle a, or reduce cos a, to compensate for the i mcreasmg force. -
'_ G In the case of a spmnmg circular dlSC G is glven by o’ r, and. the along-channel

, acceleratlon (aa) is glven by

=w2fcosd- ' B (Al)
where w is the angular velocxty, ris the radlus and o 1s the angle that the spiral. curve
. makes w1th the radlus |

- [0070] . Atthe initial position of the spil_'al channel, r=roand a =y, thus:

4, =R c0say @

To maintain a constant along-channel force and acceleration over the entire spiral

Channel:'
| a, =a, -
) < A3)
“or rocosao—rcosa T
[0071] Thus, ‘the following equatlon descrlbes an mﬁmtesmal segment of the’

equiforce spiral curve (depicted in the inset of Figure 5),

rdf na'_\/‘l—cosza - . l(A4)

dr - cosa

. . . a, ..
Substituting k in equation Al for —=%- gives:
)
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k=2t=rcosa . (AS)

 Then from equation A3 gives:

2

cosag =k . . (A6)

Combining equations A4 andA5 giues: . o S |
| ' T k’I o ’ o
SN (B | : S
rag _ N o - (A7)
r
Next separatlng the var1ables and mtegratmg w1th the 11m1ts of Jis from Boto ﬂ and r -

- fromrgtoras followsprov1des B S
fdﬁ .[ (A8)
'After mtegratlon ' o S

B —ﬁo;= (%) _'-'1—Ar'cTah\/G) -1-\/(%0) '—l..+ArcTan (%’) -1 *‘('A'9,)

;Fmally, after usmg equat10ns A5 and A6 to replace k a functlon is obtamed that -

. describes the equlforce sp1ral curve based on the polar coordmates rand B

o B=Py= ( 4 ] =1=ArcTan ( 4 J -1-Tana, +a, . - (A10) -
o I‘OCOS(ZO o rocosao o e S .
[007Zj ' The value of ap in equat1on A10 is computed by numer1cal 1terat10n :

(Newton ] methods) The value of ry is known B= Bo + 27t andr=r, is used To assxst
in the numerical 1terat10nto compute. ayg, the followmg partial differential equatlon is

obtained from equation A10 by diﬁ‘efentiating it with respect to ao:

| ' Tana, 7'(L) Seczt_xoTanao. . T
AB=B) | _ et - \T , (A6)
oa, : o Y :
- ' J(—J Sec’a, -1
. P
[0073] With a computed ay, the equiforce sblral curve can be plotted using |
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equation A10. To obtain the r value at each value of B for graph plotting, numerical
iteration to compute r was used. ‘To assist in this operation, another partial differential

equation obtained from equation A10 by differentiating it with respect to r was used: .

op-p,)_ [ 1 1 - o (Ali)'

o\ Cos a, - - ,
[0074] In order to calculate the length of 11qu1d column L, in the sprral‘

mlcrochannel the followrng equatron was used

L I 2 2 . ; .o . o - A12
; 2r0Cosa0 (r "o ) S e | ( _ )
| [0075]  In thrs desrgn 0o ‘was computed to be l 4517 radrans Wrth ro = 24 mm

and r1— 42 mm, L was computed to be 208 mm. '. -4

[0076] _In'general,' in order to ‘achieve a .reasonable liquid. flow speed in the |

-spiral microfluidic channels, a higher rotation speed than that for radial'microﬂuidic‘ )

o channels is needed.’ Based on equatron A10, the equ1force sprral mrcroﬂurdrc channelf '

o on MMA 10 has a constant component centr1fuga1 accelerat1on and force Thrs will be
n balanced by the quurd viscous force to attam a constant flow speed along the whole .

: equrforce spiral mrcroﬂurdrc channel regardless of the locatrons near the centre or the_

o 'perrphery of MMA 10

o [0077] To allow balancing of MMA 10 while it is being spun, the channel plates
-and test chips can be constructed ina centrosymmetrrcal geometrical shape (e.g. square,

hexagon, octagon crrcle and soon).

[0078]‘ o Although the use ‘of centrifugal force is desirable, it will be appreciate'd' '
by a person skilled in the art that 11qu1d reagent flow in MMA 10 can also be initiated by
other means. For 1nstance both hydrodynamrc force (using a pump or suction vacuum)

~ and electrokinetic force (using electric voltages) can be used to drive reagents from the
inlet reservoir to the outlet reservoir of a microfluidic channel. In these cases, liquid |

~ flow does not necessarily need to be directed from the centre to the periphery of MMA
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ll'O. For example,-i_f the inlet reservoirs are at t_he periphery and the outlet reservoirs are
at the centre, a single common outlet reservoir located near the centre of MMA 10 could
be used for all of the mrcroﬂurdrc channels to save space In-addition, depending on the
- type of force that is used, an osc1llat1ng ﬂow where the reagent is flowed back and forth
between the inlet and outlet reservorrs can be carrred out in the mlcroﬂurdrc channels :

to enhance sample utrhzatlon and detectron sensrtrvrty

[0079] ., | As will be apprecrated by a person skrlled in the art, microarray devrces
) such as MMA 10 havmg many possrble applrcatlons mcludmg, but are not limited to -
high- throughput screenmg apphcatrons high throughput d1agnost1c apphcatlons -
clrmcal screenmg appllcatlons clmrcal d1agnost1c apphcatrons 1ndustr1al screenrng‘ '
: app11catrons,» industrial dragnostr_c- applrcatrons genomrc appl1cat10ns mcludmg .
research on hurnan genes, pha'rrnacogenomics, proteomics, and many other screenmg
or dragnostrc applrcat1ons Many dlfferent types of reagents or reagent combmatrons: .

could be used for testing purposes

[0080].A' | More spec1ﬁcally, MMA 10 may be used to perform surface-based. |
E reactrons such as nuclerc acid hybrldrzatlons protern—protern 1nteractrons protern-DNAh
_mteractrons proteln peptrde nucle1c ac1d (PNA) 1nteractrons cell drug 1nteract10ns _
L ollgosaccharlde-protem 1nteract1ons hgand-receptor 1nteract1ons and so on. MMA 10_
.5 can also be used for small molecule arrays and two- d1mens1onal or multi- dlmensronal

‘chemical separations as described here1n

[0081] - - The reagents whrch may be used in assocratlon with MMA 10 may be
selected from  the group consisting of nuclelc acrds olrgonucleotldes protelns,
peptides, peptide- nuclerc acids, ol1gosacchar1des antrgens 1mmunoglobulms cells
‘ organelles, cell fragments, small molecules, chlmerrc molecules, and so forth The
followrng is a further descrrptron of various embodiments of the method of using MMA
10 in respect of different reagen_ts. It is meant for illustrative purposes only and is not

meant to be exhaustive of the methods of using MMA 10.
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[0082] - In a first embodiment of the method MMA 10 is used for testing nuclerc‘
acid hybr1dat10ns such as DNAs, RNAs cDNAs or other nucleic acids. For example
the first reagent may comprise DNA probes whrle the second reagent may comprise
samples for-testing. In the first step, l‘rrst channel plate 14 having first microﬂuidic
channels l8.~arranged in first predetermined patterntISA;’ such as a radial pattern, is
sealed with test chip 12, such as an aldehyde glass slide Next solutions of aminated :
DNA probes are loaded into -inlet reservoirs 22 and dlstrrbuted through first

' m1croﬂu1dlc channels 18 us1ng centrrfugal force as descrlbed above The DNA probes

: become 1mmoblhzed onto test ch1p 12 due to Schrff—base lmkage fonned between
-amine and aldehyde groups The DNA probes w1ll form an array on test chip 12 in the"
same pattem as ﬁrst predetermmed pattern 1 8A F 1rst channel plate 14is then removed
from test ch1p 12 and the procedure for. reductron of Schrﬁ base lmkages and excess '
aldehyde m01et1es is performed Other methods for 1mmob11121ng or ﬁxrng the probes _'
to the test chip 12 can also be used. In the second step, second channel plate 16 havmg
second m1croﬂu1d1c channels 20 arranged in second predetermmed pattem 2OA such .

asa sp1ral pattem is sealed agalnst test ch1p 12, and samples are 1ntroduced 1nto inlet

reservoirs 26 and drstrrbuted through second m1croﬂu1dlc channels 20. us1ng centrlfugal -",

o . ‘force As the samples flow through second mlcroﬂurdrc channels 20 of second channel |

plate 16, the probes are exposed to the samples at test posrtrons 30 Any samples whlch
P are complementary to any of the probes become hybr1d1zed at select test posrt1ons 32 '
. - thus 1nd1catmg a posrtrve test result In the ﬁnal step, detectron of hybrldlzatlon of -
:samples on_test chrp 12, with or wrthout.removmg second channel plate 16, is then' S

' conducted.

[0083] - A'To detect hybridized samples on .test chip 12 samples could be labeled
and only hybridized samples will remam bound to test ch1p 12 and be detected. For |
instance, the sample can be ﬂuorescently labeled in which only the hybrrdrzed reglons
are fluorescent, or the sample can be brotm-labeled in whrch strept(avrdln) tagged
mlcrobeads after binding, can be detected by reﬂectance measurement Alternatrvely,

detectlon probe which mteracts wrth hybrrdrzed samples only, but not to probes could
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be used to detect hybrldlzatlon Other methods of detectmg hybrldrzed samples are

’ known to persons skilled in the art.

[0084] © A second embodiment of the method" inyolves the use of MMA 10 to-
~ study cell-drug interactions. 23,24.25.2627 For example the first reagent may comprlsel
A drfferent cell types while the second reagent may comprlse d1fferent drugs to be studledty |

A priming reagent may also be used to prrme the cells pI'IOI' to exposmg them to the

different drugs In the ﬁrst step, ﬁrst channel plate 14 is sealed with test ch1p 12 ,
4' leferent cell types are loaded into and d1str1buted along ﬁrst mlcroﬂuldrc channels 18 '
| of ﬁrst channel plate 14 us1ng centrrfugal force The cells are 1mmoblhzed to test ch1p
_12 by adhesron or other methods ACa- sens1t1ve ﬂouescent dye is ﬂowed through ﬁrst .-
mrcroﬂuldlc channels 18 by centrrfugal force and the cells become loaded w1th the dye , |
: Frrst channel plate 14 i is then removed from test chip 12 In the second step, second R
. channel plate 16 is sealed with test ch1p 12 : leferent drugs are mtroduced 1nto and_ '
drstrlbuted along second m1croﬂu1d1c channels 20 of second channel plate 16 usmg
centrifugal force The cells are. exposed to the drugs at test posrtlons 30 and there may
.' be posmve reactlons at select test positions 32. In the ﬁnal step, cell- drug mteractlons |
‘can‘ be “detected by measurmg cellular fluorescence. - Other methods of detectmg ‘

' ,cell drug interactions are. known to persons sk1lled in the art.

) l[0085]. o A further embod1ment of the method 1nvolves the use of MMA 10 to B

study anttbody ant1gen mteracttons 2 For example, the ﬁrst reagent may - comprlse'

' different antlgen solutlons wh11e the second reagent may. compr1se drfferent antibody
solutions. In. the first step, ﬁrst channel plate l4 is sealed w1th test chip 12. leferent
antigen solutlons are loaded mto and drstrlbuted along first m1croﬂu1d1c channels 18 of

- first channel plate 14 using centr1fugal force. The antlgens are immobilized to test Chlp
12. First channel plate 14 is then removed from test chip 12. In the second step, second

. channel plate 16 is sealed wrth test chip 12. Next numerous ﬂuorescently labeled _ |
antibody is 1ntroduced into and dlstrtbuted along second microfluidic channels 20 of

second channel plate 16 using centrifugal force. The antigens or antigenic peptides are
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exposed to the antibodies at test positions 30 and there may be positive reactions at
'select test p051tions 32. In the final step, binding of the antibodies with antigens or
antigenic peptides is detected by measuring ﬂuorescence Other methods of detecting.

antibody-antigen interactions are known to persons skilled in the art.

: [0086] A fourth embodiment of the method involves the use of MMA 10 to
study oligosaccharide- protein interactions 293031 For example the first reagent may'
comprise oligosaccharides (or carbohydrates or glycoproteins) while the second :
» reagent comprises different proteins or cytokines Tn the first step, first channel plate 14
is sealed With test chip 12 Different oligosaccharides are loaded into and distributed:
'. along first microﬂuidic channels 18 of ﬁrst channel plate 14 usmg centrifugal force
" The oligosaccharides are immobilized to test chip 12. First channel plate 14 is then .
removed from test chip. 12 In the second step, second channel plate 16 is sealed With o |
test chip 12. Different proteins are 1ntroduced into and distributed alon_g second
‘microﬂuidic channels 20 of seCond channel_plate 16 using centrifugal force. The

’ oligosaccharides are.exposed to the different proteins at test posiitions 30 and there"‘may

~ be positive ?reactions at. select test positions» 32' - In the- final "'step‘,'

oligosaccharide-protein interactions can be detected by measuring ﬂuorescence Otheri :

methods of detecting 1nteractions are known to persons skilled in the art

[0087] | A further embodiment of’ the method involves the use of MMA 10 to _

. produce a small molecule array (SMA). 2 33 34 F or example the SMA can be used to -

observe ‘the reaction between small molecules R and S).. Typically two steps are -
1nvolved but an additional step is added if the enzymatic probing of the product formed
from R and S is required. In the first step, first channel p_late 14 is assembled With test
chip 12. Next, solutions of small molecule (R) areloaded into and distributed along
first microfluidic channels 18 of 'first channel plate' 14 using centrifugal‘force. 'LThev
small molecules (R) are'immobilized‘._to,test_ chip 12, : .First'channel plate 14 is then .~
removed from test chip 12. In the second step, second channel plate 16 is sealed with .

test chip 12. Solutions of the second reactant (S) are introduced into -second

Do
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m1croﬂu1d1c channels 20 of second channel plate 16 usmg centrrfugal force At the test
posrtrons 30 product (P1) is formed In the ﬁnal step, the formation of P1 can be
detected at select test posrt1ons 32 by enzymatlc conversion to a colorrmetrrc or
ﬂuorescent product usrng a common enzyme. Other methods of detectlng the reaction

products are known to persons skilled in the art

[0088]  Another embodiment of the method involves the use of MMA 10 for
. 2-D' protein separations. Although 2-D separatlons have been explo1ted on
‘mrcrochrps these prev1ous reports only employed a llmrted number of 2- drmensmn‘z
_ channels and solutron ﬁllrng was conducted by suct1on pumpmg whrch is subject to the
problems assocrated wrth conventlonal ﬂurd delrvery technrques as drscussed above S
This 1nvent1on 1mproves mlcrochrp 2- D separatron by not only 1ncreasrng m1croﬂu1drc ‘ .l .
channel densrty (e g. the number of channels can be 1ncreased to 96), but by. also
employmg a srmple test. solut1on delrvery method (e centrlfugal pumpmg) :
Furthermore although both 2 D separat1ons can be based on electrophoresrs because of
the ease of 11qu1d ﬂow in mlcroﬂurdrc channels usmg electroklnetrc pumpmg, HPLCi.
: can also be conducted on the chrp using non- electrrcal pumplng based on centrrfugal
. force Thus . all electrophoresrs : all_ chromatography . ﬁrst- -

- electrophoresrs—then chromatography, can be carrred out usmg the MMA platform»’

descrlbed herem In the case of chromatography, the statronary phase needs to be" e

| anchored to the chrp, wh1ch can be achreved by formmg UV—photopolymerlzed'

monoliths.

[0089] : . With reference to F1gure 18 to conduct 2 D separatlons MMA 10 may
comprise a smgle channel plate 40 havrng two sets of mrcroﬂurdlc channels. The ﬁrst »
set of microfluidic channels comprises a srngle crrcular microfluidic channel 42 whlle
the second set of m1croﬂu1d1c channels comprlses a plural1ty of spiral m1croﬂu1drc-
channels 44. For hlgh density 2-D separat1ons centrrfugal pumping is used to ﬁll the
plurality of spiral mrcroﬂuldlc channels 44 with gel medra Isoelectric focusmg (IEF)-

is ﬁrst done on srngle circular mlcroﬂu1d1c channel 42 and SDS PAGE (sodium dodeyl :
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sulfate-polyaCrylamtvde‘ gel }.electroph.oresis) _ is' d‘one_pon | the. plurality of :spiral
microfluidic channels 44, -Altematively,. the ‘_method may in_volve applying IEF to . -
~ single circular microﬂuidic channel 42 followed by .ap.plying centrifugal forcevto the
plurality of spiral microfluidic channels 44, This platforrn can be employed to conduct A
protern separatlons for proteomlcs apphcatlon The labeled protelns (lysoyzme bovine
i»serum albumin, actin," ovalbumm paralbumm and trypsm mh1b1tor) or peptrdes_
(enkephalm bradykmm angrotensm pept1des cytochrome C tryptlc digest) can then be
| detected by fluorescence measurements The experlmental condmons are based on. :
mlcrochlp separat1ons and conventronal separatlons such as chromatography and :
electrophore51s ””” Wl‘llCh are known to persons skrlled in the art. -
[0090] ' In summary, the MMAlO of the 1nvent1on has many advantages -
3 1nclud1ng, but not limited to, the followmg (1) its low manufacturmg cost, due to the
inexpensive materrals used to fabrlcate test ch1p 12 and channel plates 14, 16 and 40 (2)

its appl1cab111ty to d1fferent reagents mcludmg ohgonucleotldes such as cDNA; (3) the

L »ablhty to test multlple probes and multlple samples at the same tlme so that trme and ‘

‘reagents can be saved and experrmental condmons (spottlng and hybrtdlzatlon) are

cons1stent to enhance reproduc1b111ty and rehab111ty of results (4) the volumes of

probes and samples used are small; (5) the surface reactrons (1mmob1hzat10n and
L hybrrdrzatlon) are fast because of the high surface to- volume ratio; (6) the srmpllcrty of
~ .using centr1fugal force as'a means to distribute reagents to ‘test posrttons thereby —
av01d1ng the dlsadvantages of photohthographlc synthes1s and reagent spotting
techmques the ablhty to create hlgh density m1croarrays by avoiding the need for |

“complicated hquld handling mterfaces

| Earamples

v [0091] The followingexamples will further illustrate the 'inventi.on‘ in greaterdetail_ |
' although it will be appreciated that the 1nvent1on is not lim'ited to the speciﬁc examples. :
| Example 1: DNA }lydridiZatfon
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1.1 The channel plates for the creation of 2 96*96 hybridization microarray

[0092] | Figure 6 shows the design of ﬁrst and second channel plates 14, 16 in
one embodiment of MMA 10. In Flgure 6A, first channel plate 14 has 96 mrcroﬂurdlc :
'channels 18 for DNA probes arranged in a radial pattem The left inset shows the
moldmg master design of 5 microfluidic channels arranged in a radial pattern and'the'
staggered” alternatingpositions of. inlet reservoirs"22i .The right inset shows the
- appearance of 5 PDMS microfluidic channels 18 formed from the moldmg master. In
F1gure 6B second channel plate 16 has 96 mrcroﬂuldrc channels 20 for samples

arranged ina sprral pattern T-he left 1nset shows the moldrng master design of the

s _ mrcroﬂu1d1c channels arranged in'a sp1ra1 pattern and the staggered altematmg .

posrtrons of inlet reservoirs 26. "The rrght inset shows the actual appearance of PDMSA -
' - mlCI'OﬂUIdlC channels 20 formed from the moldmg master The size of the plate is 92
‘mm in diameter. Each reservorr hasa drameter of2 mm. Each channel has a width of 60
pm and a depth of ’20 um Inlet reservoi'rs22 26 were placed ina staggered fashion to _‘
'.ensure that inlet reservoirs 22, 26 are not too closely spaced to allow for efﬁcrent |

| 'sample apphcatron Frgure 6C shows test chrp 12 The maxrmum capacrty of the

R hybrldrzatlon mrcroarray in thrs embodrment is 96*96 9216 test posrtrons 30 which =~

e E means it 1s possrble to 1mmoblllze up to 96 d1fferent probes for hybr1d1zatron wrth 96 :

drﬁerent samples In this embodrment each test posrtron spot 30is actually a square of o
' 60*60 um The number of test posrtlons 30'can be greater if a larger drameter ch1p (e g :

120 mm) is used

| [009'3l] . The fabrication procedure of the two channel plates 14, 16 in. th1s"
~ example i is descr1bed as follows. 1. The desrgn of the radial and sprral microfluidic -
channel patterns 18A, 20A is created usrng VISUALBASIC. 2. The design bitmap file
is sent to a 3386-dpi-laser printer (Abacus printing) for printing on a,'plastic
transparency to create a photomask. 3. The photomask is used for photolithography on
a photoresist/silicon dioxide-coated 4” Si wafer. 4. The ekposed and developed .coated

- Si wafer is etched by buffered _hy.drofluoric acid (HF) (buffered oxide etch (BOE)) to
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create posrtlve relief structures (20 pm high) on the Si moldmg master The Si wafer
was silanized for easy mold release 5. Polydlmethylsrloxane (PDMS) prepolymer
(Corning Sylard 184) was casted. on the Si molding master and cured at 60°C for 1 h. 3
This produced channels measuring 60 pm at the top and 100 um at the bottom 6.
Solutlon reservorrs (2 mm in dlameter) were created on the channel plates by punchlng

* the PDMS layer usmg a ﬂat t1p syringe needle hole puncher

[0094] The drmensmns of ﬁrst and 'second channel plates 14, 16 in thrs
_‘ embodlment of MMA 10 are shown in Frgures 7 and 8 respectlvely Other dlmensrons“
of first and second channel plates 14 16 can be used and these would be readllyv
r understood by persons skrlled in the art For example Fi 1gure 9 shows an alternatrve

second channel plate 16 with drfferent d1mens1ons a

[0095] ‘ To ensure that all the hqurds in mlet reservorrs 22,26 are. dlstrlbuted mto
first and second microfluidic channels 18,20 w1th0ut sp111age and are retalned in outlet
.-reservmrs 24 28 whlle spmmng the chrp, 1nlet and outlet reservmrs 22,26, 24 28 may_
‘ -'be produced at an obhque angle (for example <90° relat1ve to the central ax15 of the-
" channel plate), as shown 1n the cross sectlons of first and second channel plates 14, 16,-

in F1gures 7 and 8

A 1.2'~Thev test chip

.[0096] g | " Test’ ch1ps 12 were made from CD like glass chips obtamed from . :
| Precrslon Glass & Optics. They were 4”.in dlameter w1th a 0.6” centre hole In thls
embodiment of MMA 10, test chip 12 xs an. aldehyde functronahzed ‘glass chip
(dlameter 100 mm) prepared as follows46 1. The Chlp is thoroughly cleaned. 2 The
chip is treated with am1nopropyltr1ethoxys11ane (APTES) 3. The chrp is treated with
glutaraldehyde As would be readily understood by persons skilled in the art, other B
immobilization chemistries (e thlol-gold, _ succmlmrdyl ester-amine,

strept(ayidin)fbiotln) can be used to attach the DNA probes on the chip sur_face;

-‘284' :
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1.3 Buffers

[0097] In this embodrment the probe 1mmobllrzatron buffer contains 0 15M
NaCl, 0.1IM [ NaHCO;, pH 8.5. The hybr1d1zat10n buffer contains 1X SSC, 0. 015% SDS.
Other buffers and methods for 1mmobrlrzmg probes and hybrldrzmg samples are known' -

'to persons skrlled in the art.

1.4 Spinning Devices

- [0098] To 1n1t1ate l1qu1d ﬂow by centrrfugal force MMA 10 can be mounted on
- a rotatmg platform The platform rotatron can be controlled by a varrable speed motor :

in which the rotatron per revolutron (RPM) has been calrbrated
’1'.5 DNA probes and samp les . . |

- [0099] -+ The probe sequences A and B used in this example have prevrously been

: used to detect plant pathogens Dzdyme_lla - bryomae_ (A =,_: D6 or -
-_CGCCGATTGGACAAAACTTAAA) and. ’Botry'ns cinerea (B = “Bl . or .

. CGCCAGAGAATACCAAAACTC) a7 The 5’ end ofprobes Aand B were conjugated -
" to amine - groups with a C6 l1nker The probes were obtamed from S1gma-Genosys o

' ‘~_‘ (Oakv1lle ON)

L [(50100] : To conﬁrm probe 1mmoblhzatron ﬂuorescem—labelled probes A was . -

used ~  as a control -Tbe_ -"‘-DNA | sequence‘ "is' |

5° -am1ne-C6 CGCCGATTGGACAAAACTTAAA ﬂuorescem 3’ S

[QOlO'l] Four samples were used in this example: 1) a DNA sample (Al) whichis
complementary to probe A labeled‘with fluorescein at the 5’ end; 2) a DNA sample (A”) -
which is complementary to probe A labeled with Cy5; 3) a l)NA sample (B’) which ls _
| complementary to probe B labeled with ﬂuorescein atthe 5* end; and 4)aDNA sample
: (B’) which is complementary to probe B labeled with Cy5 Samples were also obtained

from Sigma-Genosys (Oakvrlle ON)

L2
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~ 1.6 Dynamic DNA Hybridization ~

A [00102] ' First PDMS radial channel plate 14 was sealed with glass test chip 12 for
- DNA probe 1mmoblhzat10n Ammated DNA probes (2ul IOOuM) in 1mmob111zat10n‘ A
o buffer were apphed to all inlet reservorrs 2 for DNA 1mmobllrzatlon (SOORPM for 40 |
-min:, room temperature). Then the Chlp surface was reduced (NaBH4 50mg, 95%

' EtOH IOml PBS 30ml 500 RPM for 15min.), and then washed successwely by 0. 3% -

- SDS (5 min), water (70°c 5 mm), and dr1ed by N2,

[00103] - After rem’oving ﬁrst radial-'channel plate-.l4“ from test chip 1'2,. second }I
' PDMS spiral channel plate ’16 was sealed with test chip 12, and the reSulting MMA '10l '
was spun (lSOORPM for 3 mm) on the rotatlng platform ina temperature controlled -
box CyS-labeled DNA samples (A’ and B’ ) in hybr1d1zat10n buffer were added to all‘ |

inlet réservoirs 26 for hybrldrzahon

1.7 Hybridization Results ‘

‘[00104] ‘ After ‘probe imm0bilizati0n and DNA ;hybridization the microarray.of

test. posmons 30 generated on. MMA lO was detected ﬂuorescently using a confocal ',

| laser ﬂuorescent scanner (resolutron lOum Typhoon 9410 Molecular Dynam1cs S

Amersham B1osystems)

' [00105] | _Figure 12 shoWs the hybridiaation results on test chip 12. Only llra'diall‘ ‘
-microﬂuidic channels l8 ‘were loaded lwith»aminated probes. The 6 dark lines represent
the 6 . radial- microﬂuidic : channels " where the ‘immobilization ' control

’ ﬂourescem labelled probe A, was loaded The non-ﬂuorescent probes were loaded in |
radial mlCI‘OﬂulClIC channels 18 located between these 6 radial microfluidic channels |
The inset shows that 22 splral microfluidic channels 20 were loaded with samples The
spots at select test positions 32 show the locatlons where hybr1drzatron has occurred In ‘
this inset, the two dark lines represent the 1mmoblllzat1on control. The m1ddle radlal

microfluidic channel in between the two dark lines represents hybridization between =

© 30 .
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probe B and various samples. The bottom radial m1croﬂu1d1c channel below the
bottom dark lme represents hybrrdlzatlon between probe A and various samples A
magmﬁed inset. further shows select test posmons 32 resultmg from hybr1drzat10n
between the sample A’ and probe A. The hybrldlzatlon condrtlons are not opt1m1zed
and th1s ﬁgure only serves to 1llustrate the various steps used to hybr1d1ze probes and

samples.usmg thls embodiment of MMA 10. -

' [00106] v | Flgure 10 shows the results of hydrodynam1c hybrrdlzatron performed -
on MMA 10 usmg splral mrcroﬂutdrc channels The mset of Frgure 10a shows a
sectton of the m1croarray of test pos1t10ns 30 produced by th1s embodrment of MMA 10.
The sequences of the DNA probes (A and B) and DNA samples (Cy 5- labeled A’ and B’ )

are glven The vert1cally orlented sprral m1croﬂu1d1c channels have been alternately‘

ﬁlled wrth Cy 5-labeled DNA samples, A and B’ A’ and B’ are ohgonucleotldes

havmg sequences complementary to Aand B, respectlvely, as shown in the upper part

| of the figure. Where A’ binds to A the hybrrdrzed oligonucleotides appear as a dark '

o _ ’square spot, and where B’ bmds to B the hybrrdrzed olrgonucleotldes also appear asa

dark spot Dark spots do not appear where the labelled sample has not hybr1d1zed o

Cross react1ons (1 e between A and B’ and between A and B) are not seen

. [0011 07] o The microarray image as ob’tai'ned'.from the circular test'chip 12 does not

o conform to the usual rectangular format of mlcroarray data Therefore 1mage '

» transformatlon has been performed (see F1gure 10b) The circular m1croarrayv '
generated by MMA 101is mathematlcally transformed into a rectangular array. The 8-bit o .'
plxel values at the deﬁmte microarray locatrons are read by a computer and these values -
are mapped to a 96x96 rectangular array usmg software. Each small image representmg
each test position 30 is of the same intensity as in the orrgrnal circular image, except

- that the. drstance between adjacent test posrtrons 30is shorter than the real dlstance on

the CD.

[00108] A section of Flgure 10b is expanded and shown in Frgure 11a to
~ illustrate more. detall of the’ hydrodynamrc hybr1drzat1on The horizontal rows

3 1;_ %
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represent DNA probes imrnobilized in an alternating pattern, ie.Aand B in alter_nating
rows. The vertical colurnns'represent. alternate patterns of labeled DNA samples, i.‘,e‘. A’:

: andi B’ in alternating columns.- The DNA samples a,re'. applied_ at different. DNA
.concentrations and sample volurnes, as shown. . Here, speciﬁc hybridizations were'«
easily.observed for the sample (2 nM 1 uL)' see. the right'2 lanes of Figure 1la. When
- the sample concentratron is 1 nM specific hybrrdlzatrons were still. observed (see the

. bottom inset of Figure - lla) after image enhancement The lowest concentratron
.‘observed is 0.5 nM at 1 uL To improve the detectlon hmrt a greater sample volume (1 e

10 pL) was used: In both cases ie.1pLofl nM or. 10 uL of 0.1 nM, the mass detectronf ‘

. 11m1ts are the ‘same, i.e. 1 fmol, all attamed 1n 3 ‘min. of hybrrdrzatron The high

* detection sen51t1v1ty and fast hybr1dlzat1on rate can be explarned by the short d1ffusron a

distance and hlgh surface area achleved in m1croﬂu1d1c channels as prevrously studred |

4 by other groups 811,49 | : |
[00109] In these hydrodynamrc hybrrdrzatron results it is observed that the -

) mtensrtres near. the 1nlet regrons of the sprral mICI'OﬂUIdlC channels ate hrgher and the -

1ntensrt1es at the latter part of the m1croﬂu1d1c channel are lower see the rrght 2 lanes in

R .Frgurel la This observatlon could be explarned by the fact that the sample (i.e A 1n the - L

o rlghtmost channel) was repeatedly hybrrdrzed w1th the same probe (e g A to A) and _‘

hence the sample was reduced in concentratron causmg a gradual reductron in -

ﬂuorescent 1ntens1ty of subsequent hybrrdrzatlons This effect due to sample '
consumptlon actually.lllustrates, the hrgh and efﬁcrent utllrzatlon of the small volume of

- the DNA sample. On the other hand, if there were no »hybridi',zations,_ the DNA'sample |
concentration would not be reduced, and the fluorescent lntenslty would be unchanged.
This is confirmed in Figurellb where the rightmost sample A, after passing by 22'
probes of B, strll produces the same intensity with another probe A. It is noted that in
the 2nd right lane of Figurel1b, the intensities of sample B’ gradually decreased as 1t
sequentially hybridized with the same probe B. The repeated hybridizations will not be

encountered in the usual situation where rnultiple samples and probes are used.

32
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[001 10]: .‘ . Hydrodynamic'hybridizations in microﬂuidic channels have also been
carried out at higher temperatures (Figurellc) It was noted that the non- specrﬁc. '
A hybrrdlzat1on obtained at 22.5 °C disappeared when higher temperatures (31 5°C,
36.5°C, 41.5°C and 48.5°C) were.used. Moreover, by comparing the hybr1d1zat10n
results of the earlier part of the 'spiral channel (bottom of Figure 11¢) with those of the
: latter part (upper of Figurellc), it was found that the srgnal (at 48 5°C) was not reduced
as the sample flowed near the outlet This observation was attributed to the fact that
'non-spec1ﬁc hybrldlzation is reduced ata higher temperature thus allowmg sufﬁc1ent' |

samples to bmd the complementary probes vi o

'Example 2: Fluid flow velocity in the spiral microﬂuidic channels

[0011 1], - Liquid was successfully'ﬁlled into spiral microﬂuidic channels durin'g
': spinning or rotation of' MMA 10. The result is shown in Figure 13 in: whlch 4 sp1ra1 :
microfluidic channels were ﬁlled wrth solutions containing blue food dye

(Scott-Bathgate Vancouver BC). In one spiral mlCI‘OﬂLlldlC channel, the solutron' :

o 'ﬂowed from mlet reservoir A to outlet reserv01r C see mset In" another spiral

- mlcroﬂuldlc channel the solutron ﬂowed from mlet reserv01r B to outlet reservorr D,
2 see 1nset The m1croﬂu1d1c channels were 1llum1nated by a stroboscope l1ght (Monarch

“ Nova—Strobe DA Plus 115) at the same frequency as the rotatlon speed Usmg the

_- stroboscope light the movement of the ﬂuid in the m1croﬂu1d1c channels can be seen .

ﬂowrng even though the chip is spun at high speed

[601'12] To. ~‘s'tudy the: 'ﬂuid velocity in the spiral microﬂuidic channels, the
positions of the advancing liquid front meniscus duri.ng ﬁllingof the spiral microﬂuidic
channels were recorded 4by a v_ideo camera (So:ny,' .DCRTRV26.0)' to' determine the flow
v.elo.cities when MMA l(l was spun_' at 2500 RPM. To"'as_sist in positi’on. measurement,
. 96' radial lines were drawn on a piece of paper and put under the glass chip Each image -
frame of the video clips was studied and measured to determme the times and positions

of the liquld fronts

B
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[00 ll_j,] " Figure 14A shows the overlay of 96 traces‘ of the transit ti.me (t) plotted
against the position of the advancing liquid front (L) in vams"pinning MMA .10 at 2500
RPM. Theiliquid front velocity is given by the reciprocal of the slope In each trace, it is
. observed that the liquid front reaches the maximum constant ve1001ty after travellmg
for 50 mm (see the constant slope reached after 50 mm) albeit the values are different_ ‘
in different mrcroﬂurdic channels: possrbly due to drfferent mrcroﬂuldrc channel'
v cond1t1ons The attamment of constant velocity is only possrble in the equiforce spiral
| tmlCI‘OﬂlIldlC channels in Wthh the centrrfugal force component remains constant for‘
each 11qu1d element along anywhere in the m1croﬂu1dic channel ‘The slower 1n1t1al‘

} liquld front Veloclty (or greater slope) was attrlbuted to lqu.Id surface tensron (S) in the

hydrophoblc PDMS mlCI‘OﬂUldlC channel m which S was not sufﬁcrently overridden o

by the centnfugal force due to the 1n1t1ally shorter lquIld column In Flgure l4B the
' .velocmes in all 96 channels were plotted agalnst the distance and it is seen that the
‘constant veloc1t1es in all m1croﬂu1d1c channels are w1th1n a range of 5+ 1 mm/s Note;
that the velocrty in each splral mrcroﬂutdic channel is constant w1th1n a much narrower‘.

- range.

o [001 14] Based ona theoretical model a flow equatlon relatmg the trans1t t1me (t)

- iand the ﬁlhng column length (L) has been derrved and is given as follows -

[ k(kL+S F) i SF Lo '(1)‘
_k1 K i

l

“ where Lois initial straight channel length, S is surface tension and Fois centrifugal force
due. to liquid mass in Lo (Figure 14G); C’ is ‘the integrationcons‘tarit; ki and k2 are

lumped property constants. The derivation of equation (1) is described as follows.

[00115] Figure 14G ishOV.VS how a. spiral microfluidic.channel is connected to the
inlet liquid reservoir. After the short straight channel (Lo) the channel changes its
 direction at an angle ay to the radius along the’ sp1ra1 channel The quuid in the reservoir

is continually filled into the empty sp1ral mrcrochannel

34
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[00116] - The flow in the channel can be modeled by the Navier-Stokés equation,
which results from the mornentum conservation' erluation, and is formulated by a
balance of the body force (centrifugal force), surface force (yiscous drag force) and the
pressure fleld The line force (surface tension effect) comes 1nto play asa boundary
condltlon at the liquid front meniscus. Under the condltlons of a constant body force '
- within the equlforce splral channel, the model is s1mpllﬁed by directly using the force :

balance inal d1mensronal approx1mat10n '

[00117] . In.this simplified model, the ybody force (F) is a linear accumulation of
the constant centrifugal force of infinitesimal liquid eler_nents within the spiral channel.
*F incréases with the column length L (see also equation Al'2) and is given as follows:
CF=kiL. . | Y
where k; is a constant given by S
k=pXe'rcosae - (B2)
- yvhere'p is the liduid density; X is the cross-section ‘area""o) Io and o have been g'i.ven in
- =.equat10n A2, But the body force (Fo) due to the l1qu1d in the constant 1n1t1al stralght'

E channel section is consrdered toa constant glven by Fo— pXoo roLo

- [OOl 18] . The surface force (F)i is also a lmear accumulatlon of the v1scous drag’

force of 1nﬁn1te51mal llquld elements Wthh increases lmearly as the contact area of the.
liquid column becomes 1ncreasmgly larger. The viscous drag force, Fa, is glven by -

Newton’s viscosity equation as follows:

F2=;4A:1— , v ' » - B3
y .

where  is the viscosity coefficient; du/dy is the velocity gradient across the mean
channel width (2y); A is the contact area of the liquid column layer and is equal to Z(L +

Lo) in which Z is the perimeter of the channel cross-section.
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[00119] - The velocity gradient du/dy is proportional to the maximum velocity (u
- = dL/dt) at the centre of the channel. In fact, it_ was the position of the centre of .the
lidnid front that was m'easured as'L in the experiments.‘ Then, all constants are l_nrnped

into k; to give:

Fz='kz(Lf+Lo)£” B ’ -<B4.>~r' |

[00120] «. At the 11qu1d front the hne force (S) whrch is the surface tensron at the

- liquid front ex1sts and itis c0n51dered to be constant glven by

S = Z cos e

* where Z has been previously defined as the perimeter of the channel cross-section; ¥ is

the .surfacetension of the li_quid; d .i.sthe channel depth; Ois the contact 'angl_e.. :

[00121] ~ For a constant 11qu1d ﬂow velocrty, the forward driving forces (Fo and F)

) must be balanced by the backward forces (Fz and S) as follows

o Comblmng equatlons Bl B4 and B6 glves " -

| kL+b k(L+L)dL
: whereb S - Fo
: [00122] o 'For. integratron, equation: B7 ivs_'transforrned to give
dﬁ%%i_%ﬁﬂ @)
After integration: | | _ | |
;;"Z[L?"+%'1%z(le¥b))+C e
, } 5 A R . |

where C is the integration constant. By substituting S-Fy for b and lump all constants -

~ not 'associated with L into C’, this results in equation (1).
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[00123] The plot of transit time versus distance for one spiral channel is shown
in Figure 14C. Using regressio’n analysis, the data was fitted to equation 1 to give t =:
0. 136 +3.599 log (L - 0476) +0.272. The agreement (R 0. 9995) between the

experimental data (c1rcles) and the fitted curve is excellent

[00124] ' Subsequently, various sens1t1v1ty tests were performed in order to
determine the opt1ma1 cond1t1ons to reach a constant ﬂow Veloc1ty even as early as in .
the initial section of the spiral mlcroﬂu1d1c channel For mstance when the surface o
tensron S was decreased (down to 1/32 of the orlgmal value) the linearity of the curve
| ‘was 1ncreased (Fi gure 14D), mdlcating that the constant ﬂow veloc1ty was attalned over.

- most parts of the spiral m1croﬂu1dic channel In the case of modifylng S the ﬂow“
ve1001ty (as given by the recrprocal of the slope) d1d not change greatly, as was ev1dent o

‘ from the parallel lmes 1nd1cat1ng that there was no sacrlﬁce in the flow time.

[00125] - When the-yiscosity ‘coefﬁcient (o) ,was .reduc'ed (down to 1/32' of the

- ori ginal value), the linearity of the curve was also'enh'anced (Figure 14E) indicating the_
achievement of constant flow veloc1ty in most parts of the sp1ral channel However the

‘ ﬂow veloc1t1es became 1ncreasmgly hlgher as ev1dent from the reduction in slopes
This would require the reductlon in the spinnmg speed of MMA 10in order to mamtaln |
the same flow veloc1ty and reaction resrdence t1me When the dr1v1ng centrlfugal force
F was 1ncreased, the llnearity of the curve was 1ncreased (Figure 14F), but the flow

velocities ,becarhe higher and higher.

[00126] Based on these sensrt1v1ty tests, some ways to expand the range of
constant velocrty was 1dent1ﬁed For instance, MMA 10 can be spun faster ora larger.
sized test chip 12 can be desrgned to generate a stronger centrifugal force to overcome
‘the surface tension barrier. Nevertheless, this stronger c'entrifugal»force generates "a
higher flow velocity, and so there is insufficient time for hybr1dlzat10n to complete The |
best way is to use a surfactant to decrease the surface tensron barrier. This method does
not result in any increase in the flow veloc1ty (see Figure 14D), and the range of

37



WO 2006/060922 PCT/CA2005/001884

constant flow velocity can be expanded to nearly the whole microfluidic channel. In
4 experiments, surfactant (0.015% SDS, normally used in hybridization solution) was. ,
applied in the sample solution. The hybridization finished in 3 min. (at 1800 RPM) for

each probe.
Example 3: Cellomics studies using"the MMA -

[00l27j Cell based assays can also be conducted usmg MMA 10. The assays
may be carrred out usmg a batch of cells or srngle cells The Natronal Cancer Inst1tute
(NCI) has 1dent1ﬁed a total of 60 cancer cell hnes (NCI- 60) Wthh can be exposed to |
thousands of compounds for drug d1scovery These cell lines are related to specrﬁc -
' cancers: Lung (e.g. A549), Colon (e.g. HT29), Breast (e g estrogen-sensmve MCF7
,and estrogen-insensitive - MDA MB- 231) Ovar1an Leukemla (e. g Jurkat), Renal o

Melanoma, Prostate and Central ‘Nervous_ System. ,

'[00128] ’ In these. experlments test chlp 12 is arrayed with cells Wthh are
exposed to various drugs at dlﬁ‘erent concentratrons For mstance 60 cells lmes can be. ,'
'constructed as a cell mlcroarray on a glass surface test chrp 12 and hundreds of

: chemrcals can, be exposed to the cells at one t1me under the same ﬂow and medla

s 'cond1t1ons For proof of concept the 4 above cell l1nes whrch are of brosafety level 1

are selected for testlng with various drugs (taxol gmsenosrde doxorub1c1n) at various

g concentrat1ons

[00129] : There are 2 issues that have to. be addressed in creatmg a cell microarray. '
| First, the cells have finite thrckness €. g lO pm. Therefore the presence of a line-array
of cells may create a leakage problem when second channel plate 16 is sealed agarnst.
I. test ch1p 12. This issue is addressed by creatmg a drscontmuous cell array, rather thana .
'contmuous lrne -array as wrll be dlscussed in more detail below. Second the cells o :
e require a cell medium to remain vrable w1th the result that the cell lme-array isnotas
robust as a DNA lrne_-array. Thrsprssue 1s..ac_ldressed by encapsulatrng the cells in a cell

viability promoting material, such as _a hydrogel layer.; As previously reported, the



WO 2006/060922 PCT/CA2005/001884

encapsulated cells remain viable and small molecules can diffuse through. the.

polymeric hydrogel layer to interact with the cells 32, 53

[00130] Accordingly, the asvsembly process involves 4 Steps in this eXample,'
rather than 2 steps (Figure 15). This involves the alignment'of first and second channel
plates 14, 16 and first and second masks 34 36 with test chip 12. 'In the first step,'the .
. ‘ locations of the cells is determlned by deﬁmng cell-adherent and non- adherent domains. |
A microcontact stamping process is.adopted.” >4 First mask 34 havmg a plurahty of
microﬂuidic channels arranged in second predetermrned reagent pattern 20A, such as a.
- radial pattern, is' stamped ~ with a - cell | _no_n-_adheren_t | solution,_ such as
pol‘y(Llysine) graft po'ly(ethylene glsfcol)' in ‘the" areas of ﬁrSt 'mask 34 where
i microﬂuldlc channels are not located Flrst mask 34 s then assembled w1th test ch1p 12, \
such asa glass Chlp The cell non-adherent solution i is transferred to test ch1p 12 at the
points where first mask 34 is sealmgly connected to test_ehlp 12. A cell adhesmn‘ x

: solution (e.g. ﬁbronectin) is flowed in the radial'microﬂuidic channels of first mask 34 :

o " This results in cell non- adherent domams at the sealed locations and the cell adherent '

. .domains at the radlal microﬂmdic channel locatrons of ﬁrst mask 34. First mask 34 is : '

then removed ln the second step, ﬁrst channel plate. 14 havmg first microﬂuldlc. -

. _channels 18 arranged in a ﬁrst predetermined reagent pattem 18A, such as a spiral_ s

) _pattem is sealed to t_est chip 12 ‘(1n this exarnple the ﬁr_st predetermined reagentpattern
is a spiral pattern and the second predetermined reagent pattem 1s a radial pa't'te_rn).‘ Cell
suspensions are introduced into‘ ﬁrst microﬂui'dic channels 1'8 The cells canl only
adhere to test Cl‘llp 12 at the 1ntersect10n pomts between ﬁrst predetermrned pattern 18A
and second predetermined pattem 20A prevrously deﬁned by the microﬂmdic channe]s ‘
of first mask 34. First channel plate 14is then removed In the thu’d step, second mask
36, such as a UV photoma_sk, havmg a plurahty of microfluidic channels arranged in
second predetermined reagent pattern 20A, such as aradial pattern, is sealed to test chip
12. Acell viability promoting material, suchas a hydrogelmonomer solution, is flowed
into second mask 36 microfluidic channels and is cured at the.cell domains. Second .

mask 36 is then removed. In the final step, second channel plate 16 having second
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microfluidic channels 20 (which are wider than first mask 34 microfluidic channels) is
sealed vvith test chip 12. The cell domains which are enclosed in the second
microfluidic channels 20 are ready Ifor experiments“to determine cell-drug interactions |
For example, different . drugs may be loaded into and drstrlbuted through second

microfluidic channels 20 of second channel plate 16

[00131] " For measurement of cellular responses for detec_tion purposes,‘one

method is to use live cells that will react with -(4,5-dimethylthiazol-2-y1)-2,5
: _ drphenyltetrazollum bromrde (MTT) ina cell 1nh1b1t10n study to produce forrnazan

_ These colored products are formed in the presence of hve mltochrondra dehydrogenase '

‘and are dlrectly observed in the cell domams usmg a scanner o

00132] Altenatively, the cells can be pre- labelled with a Ca2+-sensitive probe.

5657 mdrcate that they are transwnt, )

‘_However some. experrments w1th Ca2+ ﬂux assays”™
in nature and thus are not amenable to experiments in which the measurements are l-
: performed at a later time. Therefore a thrrd method the reporter gene assay, Wthh 1s
: 'based on green ﬂuorescent protem (GFP) can be used In this case, the cellular o

’ response is pr0v1ded by expressmn of GFP Wthh can be v1sualrzed even after the drug - ’
| strmulr are removed This method requlres cell transfectlon but it can be conducted in
- step 2 in whrch ﬁrst channel plate 14is sealed to test ch1p 12 The transfectlon is carred

e out after the cells have been mtroduced mto and drstrlbuted through ﬁrst microfluidic
'channels 18 of ﬁrst channel p]ate 14. This allows for drfferent transfection vectors to be.

' used for dlfferent cells. The transient transfect1on of the IkB-EGFP vector into Jurkat
cells for an on-chip study have been reported.*® Thrs vector is involved i in the NFKB R

pathway that has been used as a drug screemng platfor_m for discovery of antr-cancer

drugs.”

-~ Example 4: Small-molecule microarray (SMA) for enzyme binding

| ' .[_00133] - MMA 10 of the invention can be used to create a SMA with numerous

‘dilferentl compounds on its surface. The -cOmpOunds. may be made using

0
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d1vers1ty orlented synthe31s and can be used to study the brndmg event of cellular
protelns such as Ure2p, ,wh1ch is 1nvolved in mtrogen metabolrsm By exposrng a
. high- densrty SMA of 1,3- droxane based small molecules with ﬂuorescently labeled
Ure2p, thousands of protem-blndmg assays can be performed in parallel and thrs has

identified several Ure2p¥binding compounds such as uretupamine.

[00134].' .The 1 3-di.oxanes ‘are generated fromla split-pool synthesi.s by | a

' three -step reactron as shown in F rgure 16 Normally, these small molecules are created

by solrd-phase synthe51s on beads The compounds are then cleaved and spotted onto

'~ shdes to form a m1croarray Usrng MMA 10 of the 1nvent1on the compounds may be |
synthesized on ‘test chip 12 and then used dlrectly after synthes1s w1th1n the o
mrcroﬂuldxc channels, thus avordrng the cleavage step. Orlgmally, an acid and a base

: stable dusopropylphenylsrlyl ether linker was formed to permlt mlld ﬂuor1de med1ated

‘ cleavage of the small molecules from the beads. ThlS hnker may either be retamed but

“without using the cleavmg step, or another non cleavable linker, such as glutaraldehyde

‘may be employed Three drstmct y,8-epoxy alcohols (R1) were attached to the hnker‘ ,

o ,(see Fi 1gure 16) Flrst the epoxy alcohols were reacted w1th a dlverse set of 30 am1ne_' .

: X and throl compounds (R2) to generate 90 drfferent 1 3= drols (4) Second they were

reacted w1th 2 Fmoc- am1nod1methyl acetal bulldmg blocks to - furmsh 180

Fmoc -amino-1,3- droxanes (5). Th1rd these l 3 droxanes were reacted with 10 |
.‘ electrophlles (R3)to generate 1800 amrdes ureas, thloureas and sulfonamrdes (6) The :

table in Flgure 17s summarlzes thlS synthe81s of a'l 3 dloxanes library us1ng MMA 10.

In thrs case, the synthesis of these 1800 small molecules is to be achleved on the 96 “

radlal and 96 sp1ral microfluidic channels

[00135]. | In this experiment, test chip 12 is a glass chip which is* first
amino-coated using aminOpropyltrletheoxySllane (AP_TES). In the first step, first
‘ channel plate 14 having radial microﬂuldic channels 18 is sealed with test chip 12. The-

linker molecule (O) is then introduced by flowing it through all 96 radial microfluidic

channels (Initial stage 1). The 96 microfluidic 'channels.Will be divided in 3 regions, 32
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o each' Next, each reglon is ﬂovved with a different. epoxy alcohol (co'mpound‘a)

- | creatmg Oa,, Oaz, Oa3 in the three regrons (Imtlal stage 2) Test ch1p 12 is now ready
for the 3- -step chemical reactrons as follows. In each group of the 32 radial microfluidic
channels 18, 30 of them aremtroduced with dlfferent ar_nlne/throl (compound b) for
reactions to form 1,3-diols (Reaction 1).. The remalning two channels are used as

. controls (see below for compound veriﬁcation) First channel plate 14 is removed' In -
the second step, second channel plate 16 havmg sprral mlcroﬂurdrc channels 20 is

~ sealed w1th test chip 12. A first group of 48 sprral mrcroﬂuldrc channels 20 is loaded»- '

 with compound L and a second group of 48 sprral mrcroﬂuldlc channels 20 is loaded
wrth compound c (Reactlon 2) Thrs-'generates- two -groups of 30*48 different
compounds at the mtersectlon pornts or test posmons 30 between second splral .

'mlcroﬂuldlc channels 20 and the line array created by first rad1a1 mlcroﬂu1d1c channels" ..

| 18. To each of the 2 sets of 48 sp1ral mlCI‘OﬂUIdlC channels 20, 10 compounds d are: :

added in 4-rephcates_totall1ng 40 mlcroﬂuldlc channels 20, with 8 mtcroﬂurdrc

channels 20 used as controls (Reaction 3). ‘After the completion of the ’reaction scheme

" no cleavage is needed because the small molecule mlcroarray is already on test chrp 12, o

Wthh is- ready for screemng by ﬂuorescently labeled Ure2p in second splrall'

mlcroﬂuldrc channels 20

B [00l36] 0 The PDMS materral used to form the rmcroﬂurdlc channels may '- ,. ‘.
' -degrade when exposed to some organrc solvents Th1s issue may be addressed by'- ’
applymg a solvent-res1stant coatmg on the PDMS For instance, a polymerlc parylene
coatlng deposrted on PDMS has been reported to increase the solvent resistant property
of the microfluidic channels Verification of the forma_tron of these l,3-droxanes can
be performed by analyzing the compounds formed in the control microfluidic channels
20 by exploiting the cleavable linker. To do this, after the completion of the reaction
scheme, the compounds formed in the control microfluidic channels 20 can be cleaved
and transferred for analysis using LC-MS. It is noted that if control microfluidic
channels are not used the full capability of this MMA is the formatron of 96x96 9216 |

- small molecules As apprecrated by persons skllled in the art, other small molecules and
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other protein-small molecule screening reactions can be developed.

[00137] As will be apparent to those skilled in the art in the light of the
forégoi‘ng dfsclosure, many alterations and modiﬁcationé aré.possible in the practicé' of

this invention without departing from the spirit or scope thereof.
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~ WHAT IS CLAIMED IS:
| A'microarray device comprising:

(@) . a test chip comprising a plurality of discrete, spatially predetermined
- test positions, each of the test positions being located at the intersection
between a first predetermined reagent pattern and a second:
“predetermined reagent pattern, wherein_ at least one of said first and
“second predetermined reagent patterns is non-linear; and ‘

(b) ~ at least one first reagent 1mmoblllzed on sald test ch1p at sald test
. positions.

2. The microarray devrce as deﬁned in clalm 1 wherein said at least one. first
reagent comprlses a plurahty of reagents each 1mmob1112ed on sa1d test Chlp ata -
correspondmg one of said test posrtlons E

3. The microarray.device as deﬁned_in any one of claims 1 or 2, wherein at least
" one of said first and second predetennined re_agent'pattems is a spiral pattern.

4.  The microarray device as deﬁned inany one of claims 1 - 3, whereln one of said
~ first and second predetermmed reagent patterns is a radlal pattern

5. -The microarray devrce as deﬁned in any one of clalms 1-3, whereln one of sardv
o - first and second predetermlned reagent patterns is a. nght sp1ra1 pattem and the = -
, other of said first and second predetenmned reagent pattems is.a-left splrall
- pattern ‘ s : :

L6  The mlcroarray dev1ce as deﬁned in any one of clalms 1- 5 comprlslng a first

.‘ _channel plate seahngly connectable to said test chip, wherein said first channel - =

plate comprlses a plurality of first m1croﬂu1dlc channels for distributing said at -
least one first reagent on said test chlp in sald first predetermmed reagent
pattem : :

7. The microarray device as defined in 6, WHerei_n each of said first microfluidic
' channels comprises a first end and a second end and wherein said at least one
first reagent is flowable through said first microfluidic channels between said. .
 first and second ends when said ﬁrst channel plate is sealingly connected to said -
test chip to thereby drstrlbute said at least one ﬁrst reagent to sard test locatrons

-8. Th_e microarray device as defined in any one of claims 1 - 5, comprising at least
) - one second channel plate sealingly: c0nnectableto said test chip, wherein said
“second channel plate comprises a plurality of second microfluidic channels for
distributing at least one second reagent on said test-chip in said second '
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10.

11.

12.

12
13.
4

" centrosymmetrical geometric shape and wherein said first end of each of said
. first microfluidic channels is located in a central portion of said test chip and

15.

16.

predetermined rea'gent pattern.

The microarray dev1ce as defined in 8, wherem each of said second microﬂuidic v
channels comprises a first end and a second end and wherein said at least one-
second reagent is flowable through said sécond microﬂuidic channels between
said first and second ends when sa1d second . channel ‘plate is sealingly
connected to said test ch1p to thereby expose said at least one ﬁrst reagent to
said at least one second reagent at said test locatlons _

The microarray dev1ce as deﬁned in any one of clalms 8 or 9 wherem said at
least one second reagent comprises a plurality of different test samples

The mlcroarray dev1ce as deﬁned in any one of clalms 1- 10 wherem said at '
least one first reagent is selected from the group con51st1ng of nucleic acxds
oligonucleotides proteins, peptides peptide- nucleic acids, ohgosaccharides '
antigens, 1mmunoglobulins cells organelles cell fragments, small molecules.
and chlmerlc molecules ' :

The microarra'y device as deﬁned in any one of claims 7-10, wherein said at =
least one second reagent is selected from the group consisting nucleic acids,
oligonucleotides proteins, peptides peptide-nucleic acids, oligosaccharides,

‘antigens, 1mmunoglobu11ns cells, organelles cell fragments small molecules

and chimeric molecules:

“The m1croarray dev1ce as deﬁned in any one of claims 1 - ll whereln sa1d test
o Chlp has a centrosymmetrical geometric shape ' '

'The microarray dev.ice as deﬁned in claim 12, wheréin said test chip is circular.

The microarray device as defined in claim 7, wherein said test chiphasa -

said second end of each of said first microfluidic channels is located in a_
peripheral portion of said test chip when sa1d first channel plate and sa1d ﬁrst
test chip are assembled together '

. The microarray device as defined iri claim 14, wherein said first end of each of

said first microfluidic channels is in fluid communication with a first reservoir
and said second end of each of said first microfluidic channels is in '
communication with a second reservoir, wherein said reservoirs are obliquely

. angled relative to a central axis of said microarray device.

‘The microarray device as defined in claim 9, wherein said test chip has a
_ centrosymmetrical geometric shape and wherein said first end of each of said
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17.

18.

- 19

20

21.
2
23.

2.

25,

second microfluidic channels is located ina central portion of said test chip and
said second end of each of said microfluidic channels is located in a peripheral

portion of said test chip when said second channel plate and said ﬁrst test chlp

are assembled together

The microarray device as defined in claim 16, wherein said first end of each of
said second microfluidic channels is in fluid communlcation with a first
reservoir and said second end of each of sald first microfluidic channels is in -
communication with a second reservoir, wherem said reservorrs are obliquely
angled relatlve to a central axis of sald microarray

‘The microarray device as defined in clalms 1- 17 wherein sa1d test Chlp isa.
coated glass substrate '

The microarray devrce as deﬁned in, clalm 18, wherein sa1d substrate is an
aldehyde- functlonahzed glass substrate

The microarray device as deﬁned in claim 6 wherem said ﬁrst channel plate 1s
formed from a polymeric material ' " ‘

The microarray device as deﬁned in claim 8 wherein said second channel plate _

: is formed from a polymerlc materlal

The microarray dev1ce as deﬁned in any one of claims 20 or 21 wherein said

» polymeric materlal is polyd1methy151loxane

The mlcroarray device as deﬁned in claim 22 wherem said polymeric materlal'

is coated to prevent degradation upon exposure to organic solvents.

The microarray dev1ce as defined in claims 6 or 8 wherein each of said

* microfluidic channels has a capac1ty between about 0. 1and 100 m1crol1tres of
fluid.

A kit for forming a microfluidic microarray assembly (MMA) comprising: |

(a) a test chip comprising a plurality of discrete, spatially predetermined
.test‘-p'ositions,, wherein.eac_h of said test positions is located at the
intersection between a first predetermined reagent pattern and a second
predetermined reagent pattern, wherein at least one of said ﬁrst and :
second predetermined reagent pattems 1s non—lmear, _

(b)  afirst channel plate sealingly connectable to said test chip, wherein said
first channel plate comprises a plurality of first microfluidic channels
for distributing at least one first reagent on said test chip in said first -
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26.
27.
28.

. 29.

32,

33,

34.

predetermined reagent pattem§ and

(c) . asecond channel plate sealingly connectable to said test chip, wherein
said second channel plate comprises a plurality of second microfluidic
channels for distributing at least one second reagent on said test Chlp in
said second predetermmed reagent pattem ‘

The kit as deﬁned in claim 25 wherein said first and second channel plates are.
sequentially connectable to said test chlp to. deliver said at least one first reagent

and said at least one second reagent to sald predetermined test posmons

‘The kit as deﬁned in claims 25 or 26 further comprlslng a detector for detecting-

reactivity between said at least one ﬁrst reagent -and said at least one second ’
reagent at said test posmons ' Coe

The kit as deﬁned in claim 25 wherein said at least one first reagent comprises

a plurality of probes and wherein sa1d at least one second reagent comprises a-
plurality of test samples : ' ' :

The kit as defined in any one of clalms 25 28 wherem at least one of said ﬁrst. :

-~ and second predetermmed reagent patterns is a spiral pattern. -

‘The k1t as deﬁned in any one of claims 25 - 29, wherem one of said first andv

second predetermined reagent pattems 1s a radlal pattern

' The kit as deﬁned in any one of claims 25 - 29 wherem one of said ﬁrst and -

second predetermined reagent patterns isa rlght sp1ral pattern and the other of -

. said ﬁrst and second predeterrmned reagent pattems isa left spiral pattern

. The kit as'deﬁned in any one of claims 25 - 31, wherein' said at least one first -

reagent is selected from the group consisting of nucleic acids, ohgonucleotides
proteins, peptides, peptide-nucleic acids, oligosaccharides, antigens,
immunoglobulins, cells, organelles, cell fragments small molecules and
chimeric molecules :

The kit as deﬁned in any one of claims 25 - 32, wherein said at least one second

reagent is selected from the group consisting of nucleic acids, oligonucleotides,
proteins peptides, peptide-nucleic acids, oligosaccharides, antigens,

" immunoglobulins, cells, organelles, cell fragments small molecules and
- chimeric molecules 3

~ The kit as defined in any one of claims 25 - 33, wherein said test chip and said

first and second ‘channel plates each have a centrosymmetrical geometric shape.
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35. .
36.

37.
38
39,
40. :
41.

42.

43.

The kit as defined invclaim 34, wherein said shape is circular.
The kit as defined in clainls 25, wherein s'aid_ test chip is a coated glass substrate." ‘

The kit as defined .in claim 36, wherem sard substrate is an
aldehyde-functlonahzed glass substrate

The kit as defined in any one of clarms 36 or 37, wherem said first channel plate
and said second channel plate are formed from a polymer1c material.

The kit as deﬁned in clarm 38, wherem sa1d polymerlc materral is

polydlmethylsﬂoxane

The krt as. deﬁned in claim 38, wherem sa1d polymerrc materral is coated to
prevent degradatlon upon exposure to orgamc solvents

The kit as deﬁned in claims 25 wherem each of said microfluidic channels has a
capacrty between about 0.1 and 100 mrcrohtres of ﬂu1d "

A microﬂuidic'microarray subassernbly comprising: '

(a) a test chip comprising a plurahty of drscrete spatlally predetermmed
- test positions, wherein each of said test positions is located at the =
" intersection between a ﬁrst predetermmed reagent pattern and a second
L predetermrned reagent pattern, wherein at least one of said first and
~ second predetermined reagent patterns is non-linear, and wherein at
least one first reagent is rmmoblllzed on said test ch1p at sa1d test
posmons and ' :

b)) a ‘sample'chan'nel plate sealingly connectable to said test chip, wherein

said channel plate comprises aplu'rality of microfluidic channels for
distributing at least one second reagent on said test ch1p in said second
predetermmed reagent pattern. '

A microarray-device for dete_rrnining reactivity between a plurality of ;probe
reagents and a plurality of sample reagents, said microarray device comprising:

- (a) 'centrosymmetrical. test chip comprising a first array of said probe

reagents arranged in a first predetermined pattern, wherein said probe
reagents are 1mmobrlrzed on said chip at a pluralrty of drscrete test
pos1trons and

(b) a sample channel plate sealingly connectable to said test chip for
applying said sample reagents thereto, wherein said sample channel
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» plate comprises a plurality of microﬂuidicchannels conﬁgured to apply
said sample reagents to said test chip in a second array having a second
predetermined pattern differing from said first predetermined pattern,

wherein at least one of said first and-second predetermined patterns is a spiral
pattern and wherein said first and second arrays intersect at said test positions -

. when said sample plate is . connected to-said test chip. and sa1d sample reagents-
are ﬂowed through sard microfluidic channels

44. A method of forrning'a microﬂuidic'microarray _assembly (MMAl cor.nprisingv:
'(a)' '. providlng a test chip;

(b prov1d1ng a ﬁrst a ﬁrst channel plate seallngly connectable to sa1d test '-
ch1p for applymg at least one first reagent to said test chip, wherein said. -
first channel plate comprlses a plurality of first mlcroﬂuldlc channels '
conﬁgured in a first predetermmed reagent pattern

() assembling said ﬁrst channel plateito isaid test chip;

(d) '-ﬂowmg said at least one ﬁrst reagent through sald first mICI'OﬂlIldlC )
channels to form a first array of said at least one first reagent on sa1d test’
~chip in sa1d ﬁrst predetermmed reagent pattem

(e) dmmoblhzrng sa1d at. least one ﬁrst reagent on sa1d test ch1p at at least
‘some test locatlons of. sa1d first array; - ‘ '

o removing said ﬁrst channel plate f_rom s'ai‘d'-t_est chip;.

()  providing a second channel plate sealmgly connectable to said test chlp :
- for applymg at least one second reagent to said test chip, wherein said
second channel plate’ comprises. a plurality of second microfluidic
channels configured in a second predetermmed pattem d1ffermg from
said ﬁrst predetermined pattem

(h) ass_embling said second channel plate to said test chip; and.

1) flowing said at least one second reagent through said second
- microfluidic channels to form a second array of said at least one second
reagent on said test chip in said second predetermined reagent pattem '
wherein said second array intersects sa1d first array at at least said test
locations.

-45.  The method as defined in claim 44, further cornprising detecting any reactivity
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" 46..’
47.

- 48.
49.

50
51,

52.
53

54,

55.

56.

between said at least one ﬁrst reagent and said at least one . second reagent at sa1d
test locations. ‘ ' '

' The method as defined in claim 45, wherein said step of detecting any reactivity
' comprises detecting any hybridization pr_oductsat said test loCation_s.

The method as defined in claim 45 wherern said step of detectmg any reactwity _
comprises detectrng any reaction products at said test locations

The method as deﬁned in claim 4'5, wherein Sai_d' step of detecting any reactivity

comprises_ detecting any changes in ‘cellular pa_rarneters at saidtest locations.

The method as deﬁned in claim 45 wherein said step of detectmg any react1v1ty

-1s automated

The method as defined in claim 44 wherein said at least one first reagent a
comprrses a pluralrty of different probes, wherein each of said probes is
flowable through separate ones of sald ﬁrst microfluidic channels.

.The method as deﬁned in claim Sl) wherein said at least one second reagent
. _compnses a plurahty of different test samples, wherem each of said samples i is,
flowable through separate ones of sard second mlcroﬂuidic channels -

-The method as deﬁned in cla1m 50, wherein said 1mmobrlrzrng comprises
‘ ‘chernically bonding said probes to said test chip. ’

- The method as deﬁned in claim 50, wherein said 1mmob11121ng comprises

adherlng said probes to sa1d test chip..

| The method as deﬁned in claim 51,wherein said probes and said test sarnpfles .
- are each selected from the group consisting of nucleic acids, oligonucleotides,

proteins, peptides, peptide-nucleic acids, oligosaccharides, antigens,

_immunoglobulins, cells, organelles, cell fragments, small molecules and

chimeric molecules

* The method as defined in claim 44, wherein each of said first microfluidic .

channels comprises an inlet reservoir at one end thereof and an outlet reservoir

~ at the other end thereof, and wherein said ﬁowmg said at least one first reagent
~through said first microfluidic channels comprises introducing a first fluid -

contaming said at least one first reagent into said inlet reservoir and distrrbutmg
said first fluid to said outlet reservoir.

The method as ,deﬁned in clairn 55, wherein said ﬂoWing of said at least one
first reagent through said michfluidic channels comprises applying a force to
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57.
58,

59,

60,

61..

63,
- 64.
65.

66.

67. .

said first channel plate. |

The method as defined in claim 56, wherein said force is selected from the
group consisting of centrifugal force, hydrodynamic force and electrokinetic
force. '

The method as defined in claim 57, whereln said test ch1p and first channel plate :
together form a centrosymmetrical first subassembly and wherein said forceisa

' centrifugal force applied by spmning said ﬁrst subassembly

The method as defined in clalm 58, whereln said centrosymmetrical ﬁrst
subassembly is c1rcu1ar ‘

The method as deﬁned in claim 44 wherein each of said second microﬂuldic :
channels comprises an 1nlet reservoir at one end thereof and. an outlet reserv01r- :
at the other end thereof, and wherein said flowing said at least one second B

- reagent through said second m1croﬂu1dic channels comprises 1ntroduc1ng a -
* second fluid containing said at least one second reagent into sald inlet reservoir

and distributing said second ﬂuld to sald outlet IeServoir.

The method as deﬁned in claim 60 Wherein‘said ﬂowing of said at least one .

~ second reagent through said mlCI'OﬂUIdlC channels comprises applying a force

to said second channel plate

. The method as defined i in claim 61 wherein said force is selected from the grou‘pl. S

cons1st1ng of centrrfugal force, hydrodynamrc force and electrokinetic force

' The method as deﬁned in claim 62 wherein said test Chlp and second channel
- plate together form a centrosymmetrical second subassembly and wherein said |
: force isa centrifugal force apphed by spmmng said second subassembly

The method as deﬁned in claim 63 wherem said centrosymmetrical second
subassembly is circular.

The method as deﬁned in clalm 44, wherein at least one of sa1d first and second .
predetermined reagent patterns isa spiral pattern. -

The method as ‘defined in claim 44, wherein one of said first and second
predetermined reagent patterns isa radial pattern. '

The method as defined in claim 63, 'wherein one of isaid first and second

- predetermined reagent patterns is a right spiral pattern and the other of sald first

and second predetermined reagent patterns isa left splral pattern.
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68,

© 69.

- 70.

71.

72.

- The method as defined in claim 44, further comprising coating said first or |

second microfluidic channels to enhance the orgamc solvent resistant properties
thereof. - _

The method as defined in claim 44 ‘.v('herein said at leaSt one first reagent

~ comprises cells and wherein said method comprlses prlor to assembling sa1d
‘ ﬁrst channel plate to sald test chip,: = '

(a)  .applying a first mask to said t_est chip to transfer a cell non-adherent
material to said test chip, wherein said first mask comprises a plurality
of ﬁrst mask microfluidic channels conﬁgured in sald second
predeterrmned reagent pattern and .

(b) introducing a cell adherent solutlon 1nto said ﬁrst mask mlCI‘OﬂLIldlC
_ channels to transfer sa1d cell- adherent solution to said test chip in said .
. second predeterm_med reagent pattern.

The method as defined in claim 69 comprlslng, after removing sald first
channel plate from sa1d test chlp, '

(@) a'p.plying"a second mask to said test chip to transfer a cell viability .

promoting material to said test chip, wherein said mask comprises a - '
_ plurality of second mask mlcroﬂuldlc channels conﬁgured insaid
second predetermmed reagent pattern; and

o (b). . 1ntroducmg said cell viability promoting material into sa1d second mask

' mlCl'Oﬂl_lldlC channels in sald second predetermrned reagent pattern.

.The method as deﬁned in clalm 70, whereln sald cell adherent solutlon

comprises ﬁbronectm and said cell v1ab111ty promotmg material comprlses a
hydrogel : ‘

- A method of forming a microfluidic microarray subassembly cornpris'ing:

(a) providing a test chip;

(b)  providing a first a first channel plate sealingly connectable to said test
chip for applying at least one first reagent to said test chip, wherein said
} first channel plate comprises a plurality of first microfluidic channels
configured in a first predetermined pattern;

'A (c)  assembling said first channel plate to said test chip;

(d  flowing sard at least one first reagent through said first microfluidic
" channels to form a first array of said at least one first reagent on said test
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73.

74.

s

76,

. (a)

(b)

©

- said second channel plate .

chip in said ﬁrst predetermined pattern;.-

(e) . 1mmobrhzlng said at ]east one first reagent on said test chrp at at least
. some test locatlons of said first array; and '

(f)  ‘removing said first channel plate from said test chip.

A rnicroarray subassembly produced' by thetnjetbod of ¢laim 72.' .

A method of using a mlcroarray subassembly as deﬁned in claim 73
comprising: '

(a) provrdlng a second channel plate sealmgly connectable to sard test-chip -
for applylng at least one second reagent to said test chip, wherein sald_
“second channel plate comprrses a plurality of second microfluidic
channels configured in a second predetermmed pattern d1ffer1ng from :
said first predetermmed pattern

A(h) R assembling said second__ch'annelv plate to said test 'chip; '

O flowing 'said at least one second reagent through said second |

: mrcroﬂurdrc channels to form a second array of said at least one second
reagent on said test chip in said second predetermmed pattern, wherein.
said secon_d array intersects said first array at at least said test locations;

~and | T '

G ‘detectmg any react1v1ty between sa1d ﬁrst reagent and sard second

reagent at said test locatlons

The method of claim 74, wherein said at least one.second reagent is ﬂowed
through said second microfluidic channels by applymg a centrlfugal forceto -

4

A method of dlstrlbutmg a reagent toa predetermmed test posmon ona test chip.

: comprlsmg

providing a mrcroﬂuldrc microarray device, wherem said device comprlses a
plurality of microfluidic channels conﬁgured in at least one predetermlned
pattern, wherein at least some of said channels are non-linear;

loading a test fluid comprising said reagent onto said device at a loading
location in fluid communication with at least one of said channels; and
rotating said device to cause said test fluid to flow by centrifugal force
outwardly through at least one of said m1croﬂu1d1c channels toward said test -

- position.
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77.

78.

()

(b)

©

79,

(@)

o

0,
81.
82.
83.

84.

85.

The method as defined in claim 76, wherein sa1d rotatmg causes said test fluid
to flow from said loading location to said test position.

The method as deﬁned in claim 76 or 77 whereln said prov1d1ng a m1croﬂu1d1c
microarray device comprises:

providing a centrosymmetrlcal test Chlp, N

provndmg a channel plate having a plurality of mlCI’OﬂUldlC channels configured
in said at least one predetermined pattern, wherem at least some of sa1d
channels are non-linear; and . o

sealingly connecting said channel plate and sa1d test ch1p to form a m1croﬂu1d1c'[
microarray assembly device. '

The method as deﬁned in any one of claxms 76 78 wherem sa1d mlcroﬂuldlc :
channels are conﬁgured in a first predetermmed pattern and a second -
predetermrned pattern, said first and second predetermmed patterns 1ntersect1ng

ata plurahty of predetermmed test posrtlons, said. method compnsmg

rotating said device a ﬁrst time to dis‘tribute a'ﬁrst reagent in said microfluidic

* channels configured in said first predetermmed pattern by centrlfugal force and

thereafter o
rotatmg said device a second time to dlstrlbute a second reagent in said -
microfluidic channels configured in said second predetermined pattern by

centrifugal force, thereby causing said first and second reagent to interact at said " - |

test posmons

The method as deﬁned in claim 79 whereln at least one of said first and second

: predetermmed patterns is a spiral pattern.

* The method as defined 1n claim._7'6, comprising applying an electrical ﬁeld to

said device prior to rotating said device.

The method as defined in claim 78, further comprlslng removmg sa1d channel
plate from sa1d test chip. :

The method as defined in claim 78, further comprising immobilizing said
reagent at said test position.

The method as defined in any one.of claims 76 - A83, comprising rotatin‘g said
device at variable speeds to cause said test fluid to flow within selected
microfluidic channels depending upon the speed of rotation selected.

The method as defined in claim 79, wherein said device comprises a test chip
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86.

87..
88.

89,
90,
91. -

92,

93.

94,

~and ‘wherein:

prior to rotatmg said devrce said first trme sald mlcroﬂurdrc channels i in said

first predetermrned pattern are provrded by sealmgly connecting a ﬁrst channel

plate to said test chip; and wherein » :
after rotating said device said first time but prlor to rotatrng said device said

- second time, said first channel plate is removed from said test chip and said
~ microfluidic channels in said second predetermmed pattern are provrded by

sealmgly connectrng a second channel plate to sard test chrp

‘A microarray dev.ice comprising: -

(a) a‘ test chip comprising a pllirality of discrete spatially predetermined

test positions, each of the test positions being located at the intersection-
. between a first. predetermrned reagent pattern ‘and a. second
) predetermrned reagent pattern, ‘wherein at least one of said. ﬁrst and
'second predetermmed reagent patterns is non- lrnear and ' '

(b) -a ﬂurd drstrrbutron system for delrvermg reagent to sard test chrp in sard ‘

first and second predetermrned pattems

The device as defined in claim 86, wherein test chip is a compact disc.
~The device as defined ,in~claim 87, wherein said COmpaCt '_disc isrcircular. :

' ,The devrce as defined in any one of clalms 86 - 88 wherem said predetermmed
test posrtrons are arranged in a non- rectangular mrcroarray

, The device as defined in cla1m 89 wherern said m1croarray comprises greater
than 256 test posrtrons '

The device as defined in claim 90, wherein said microarray comprises greater
than 400 test positions. . = -

 The device as defined in any one of claims 89 - 91, wherein said microarray -

cover substantially all of the surface area of said test chip between a central -
portion thereof and a peripheral p_ortion thereof.

The device as defined in any one of claims 86 92 wherein said fluid

~ distribution system comprises at least one reservoir for receiving reagent and

channels for delivering reagent.from said at least one reservoir to said test
positions by the application of centrifugal force when said device is rotated.

A method of distributing a reagent to a non-rectangular array of spatially
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predetermined test positions located on a test Chip comprising:

(a) provrdrng a centrosymmetrlcal test chrp,
(b) - providing a first channel plate having a plurality of mlcroﬂurdrc channels
configured in a first predetermmed pattern,;

(c)  scalingly connecting sa1d first channel plate and said test chip to form a .

‘ first mrcroﬂuldrc mrcroarray assembly (MMA) device; )
(d) loadmg atest fluid comprising said reagent onto said first MMA dev1ce
ata loadmg location in fluid communrcatron wrth at least one of said
, ~channels;
e) rotatmg said first, MMA dev1ce to cause sa1d test fluid to ﬂow by
L centrrfugal force from sald loading location to said test positions; -
(f) - providing a second channel plate havrng a plurality of mrcroﬂuldrc
- ~ channels conﬁgured in a'second predetermmed pattem,,
(g) ‘sealmgly connecting sard second channel plate and said test ch1p to form:
. a second microfluidic mrcroarray assembly (MMA) device; :
(h) loading a test fluid comprising sard reagent onto said first MMA device
' ata loadmg location in fluid commumcatron with at least one of said _
: channels and - L :
(i)  rotating said second MMA device to cause sard test fluid to ﬂow by
: _centrlfugal force from said loadtng location to said test positions.

95, The method as defined in claim 94 further comprrsmg generatlng detectron o |
 data by detectmg the presence of sa1d reagent at said test pos1t1ons '

' 96.  The method as defined in claim 94, compr1s1ng transformrng sa1d detectron data
o from a non- rectangular array format to a rectangular array format. '
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