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FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to an apparatus
and assayweyswssred whi ch can be enpl oyed, for exanple, forcdsGeenizag and

di agnosi ng di seases and/or detecting anplified nucleic acid products

and/ or for pharmacogenetic determ nations. The apparatus conprises a
substrate with 10 one or nore assay stations or wells and channel s arranged
in a manner to facilitate the flow of fluids through t he apparatus and
designed to provide for isolation-nediumsealin tations.
100091 BAGKGROUS AN PILE DIUERAA THON ENIRGRATEE CHIT s “hecon ng
an increaS|neg i nportant tool for various assays 15 including, for exanple
for detectin and ' ' presence or absence of diseases. Wile
tests hd@%ﬂﬁ Q@gﬁqtﬁgéhﬂggiﬂﬁﬂtaining basi ¢ nedical information such as
bl ood type and transplant conpatibility, for exa yances in
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expanded,f eh Snthi g??lr de?gctlhg 2P ggﬁ«%ﬂaac @%0& MRV QEteBithg &ﬁ%lﬁied%@bélc dg$ts have

become avail or varrous pur poses, such ‘as detecting
pat hogepsedules aiid&grf@xsphagnmgeﬁmmdmmngndm eBappatetue compgsamobuhﬁmtc wiithng
changes in health, and nDnlto t herapy. Genom
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There has conpl ete systens”' allow ng various stages
of nucl aetationsici d, e.g., DNA, analysis to be perfornmed on a single device,
such as a nicrochi p. Fully 25 integrated, high throughput systens are
needed 03] B@QKGROWE@FWBBW&EN’SH@Nperform DNA anal yses such as DNA
separation and PCR and thereby permt disease diagnosis or detection,

Sander s [00314] %mcﬁeﬁﬁaﬁ Xeshih€ Bdsecomind mblleﬁsihglﬂilﬁmr&ht 00l ﬁﬁ@ﬁhou%&aﬁ? 8.

Syst ens where four sanples can be anplified and anal é#?helsane
chi pshavecludias, fgr exAneRie foy deficsEngailqnonitering the prgsence gt a Fnce(‘}l/fzé’g?fseﬂn He
Chem 7 Qest% lﬁljéé)bé%g%gﬁvﬁ Bor o%%hiklg bdbie RRIRAL BfdfRaoR sRAUE Hocddypemiees for

conductin een reported; see e.g. United States Patent No.
5, 498, 3%nsp15axrcompanwhw,, foriesamplet a@mc@@amﬁer@e@mﬁﬁés@&pmhﬂmmgz
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20  diagnosing and monitoring disease, detecting and monitoring changes in health, and monitoring

drug therapy. Genomic data in conjunction with the ability.to prepare combinatorial libraries of

chemical components has facilitated the discovery of new drugs.

[0005] There has long been a need for “complete systems™ allowing various sfages of nucleic
| acid, e.g., DNA, analysis to be performed on a single device, such as a microchip. Fully
25  integrated, high throughput systems are needed which rapidly and simultaneously perform DNA
analyses such as DNA separation and PCR and thereby permit disease diagnosis or detection.

Sanders, et al. (2000) Trends in Analytical Chemistry, 19(6): 364-378. Systems where up to four

samples can be amplified and analyzed on the same chip have been previously disclosed. L.C.
Waters, et al. (1998) Anal. Chem.., 70: 5172. In addition, small, disposable mass-produced

30  devices for conducting PCR have been reported; see e.g. United States Patent No. 5,498,3 92.
For example, Yuen, et al. (2001) Genome Research 11:405-412, provides a plexiglas-based

microchip module designed and constructed for the integration of blood sample preparation and

nucleic acid amplification reactions. The microchip module comprises a micro heater-cooler and

-



-1 WD 03/035229 PCT/ S@&2/ 00251 5 a series of mcrochannels for transporting
human whol e bl ood and reagents. The white blood cells are first isolated
from a smablo3wsi2aee of whol e blood in integrated cell i solpatriSwo2/mRI
containing gate-like mcrostructures which retain white blood cells, albeit
at a very low concentration and efficiency (i.e. 3-5%. Red blood cells
pass through the micro-filters but tend to clog up the filters over tine
causing inefficiencies in white blood cell isolation. The Yuen, et 10 al.

M cr aC hi PseiEP bPMSerachiihis] Ofos Mass it eiswhole bRkt agd tdagentsieMhe ahitabloodhi p
expensive to fabricate. [0006] DNA m croarray devices are also currently
enpl oy edeelle prepfiat igelated diow a smgl ly«}lm ofwhops\alopd Byigigeratsd qelldpleigyleR are
known, c Y Croar . i A ; e ' am ne the
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m cr oar rayichaseon asd aifisieace(ieunises)s ®ed, blsdakdellg pads diubugh theynicm-filiens lbat €ndnd
requiring stand- al one equi pnment to conduct  sequenti al Eatch anﬁ%ges.

Rapi d ditaghsesths filtessovel time gausing ingliciearies i whigkblpad clbspialian g hhe, Juen et ni ¢
sanp].e pk rakl I Y IhAddib LA onay

di sa} van 1'38%%‘%6‘?9%}%%18%%??%%’@%{&@{:%?‘8Q%ﬁr’%‘ Sl ng f/é’?%%éhﬁ \c/%b %Ilécentcl y
been repabtiee. Such di sadvant ages include | ack of sanple injection ability,
poor DNA isolation 20 and inability to conduct nultiple PCR anal yses. Yuen,
et al. Heges]40NA mf&@ﬂar@@ﬁdéﬁhre hROQBireMlicdeployciclot DNA ayalgsidiTiverctypeodfe in
cel lul ar_processes, including those resulting in disease, states_b
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types ofmici@inagitasdd gssays exsesnberipre, thikireg dbont arddytodemphie gathwequiring standt oy
the binding of . certain target nucl.eic¢ acjds nucl eic acid opes der
control | eﬂﬁ%ﬁ%%c%ﬂg?tgﬁﬂ}‘eé‘ﬁémaf BrS g%lﬁpéctj&%msgs Be @ﬂ%ﬁ%‘%ﬁya”g& ween
conpl eNgRbRLYmMiEEAHS W ORes AShRDehNR l’sinﬁ%lé%&ép&fhtfoﬁ eh1bé BitGated bniothelspi bl e to
conduct gene expression studies as well as a variety of other types of
anal ysi 50" ARYAIPRAIRIsAFHadRS B 8RR Sehis DNK Bndl PR sBMs ha¥8 Gues

differential” expression of '"genes has been shown to be associated with
di sease tstmreporte@0 Svblngisaivantages inclutde fackaf sarhple injedipnabiliy. poss DHYA isolation
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states by functioning in the control and regulation of gene expression. Hybridization techniques

~ have been developed to conduct various types of nucleic acid analyses to better understand how

genetic information functions in diverse types of biological proceéses. Hybridization methods

25  generally employ the binding of certain target nucleic acids by nucleic acid probes under
controlled conditions thereby enabling hybridization to occur only between complementary
sequences. Using hybridization techniques, it is possible to conduct gene expression studies as
well as a variety of other types of analysis. For example, gene expression studies are important
because differential expression of genes has been shown to be associated with disease states.

30 Many disease states have been characterized by differences in the expre;ssion of various genes
either through change in copy number of the genetic DNA or through alterations in levels of
transcription. In certain diseases, infection by a particﬁlar virus is characterized by elevated

expression of genes.



expression of genes. -2 WO 03/035229 PCT/ S@&2/00251 5 [0009] Chips to

whi ch nucleic acid probes are attached can be used to conduct nucleic acid
anal yses.wBroslog2¢an be attached at specific sites on thePchiSG02/8esh as
assay stations. Assay stations are situated in areas internedi ate between
first and second nulti-purpose channels, wherein assay reactions are run,
as detailed below. In sone applications, the chip may include assay
stations arranged in the formof an array. Genetic nethods utilizing arrays

on chy pspop0e] &RipR ey ARICAGROKE RRCAYBE ¢ aichbd P& ) dsedid cndadtMutlerneals,
paral |l el procesSing that can increase the rate at which anal yses can be

conduct ezhalyses mlws eth boattashedaitspesifit sitestomatie chini wish a7 ass#y statiahsi ASSaYabor

conduct dre . o . .
R e e S R P

DNA i sol @hd:6i asédyireativhe dreFukf 8 detalle@belb®. BIdME plcdtiefeliadhip magéndads for
PCR thus making current chips and associ ated 15 net hods of using sane very

expensi vassandlatings atprgeddashefornod anprrpy. encii neghedsutiyring grrays QR/ERPS I8 to
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and assay systens useful, for 20 ,exa%e, for detectin ana di aglnolsj n ({ he
pr esenc eeaiiraliberipengye guupls PEParations anfhslettorapgHe FeRRRIONY L WEHE Ryclelc ac
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apparatus conpri one or” assay stations and channels
whi ch arleatesagnetratuhmprataregensornfor ® ORathnemalung chrréntchips and essocinted

i ntroduct itﬁn {;}%d fl ow of sarrhpl e.fluid and i solla}ati on-nedi um The appar atus

can Bl sdPFthedLAISIg SPRESGPAF PERTH @"%?oéb PRIPBf portion and the invention

provides an 25 inproved result detection system .[0013] The .present

i nvent i dﬂ‘)*‘glléiseaé‘%%(’g{]ﬁ %Fﬂt’g?néﬁHéﬂvé‘?qus%’ﬁa@ﬁf‘ﬁéfoﬁﬂﬂép%{%ﬁﬁfl% Hpjps Of_

assays %&ﬁa&%&?&dﬁﬁ%mé&ﬁv&%ﬁshﬁo&%ﬁﬁ@ﬂ AsapVinhedfink. i s neant to describe
|

any qual it ve or quantitative analysis of a substance that is exam ned

by trial W'ﬁgﬁ ek peVBLTIERCt i ons  that indicate the absence of a
parti cullggils]‘u stance?t%}ljch as, but not limted to, a protein, antibody, 30
nucl ei c e . : | nei cat: YeRkEAL b¥e st iedd zed
in the a[? @iﬁo{;ﬂe a%%?%:lﬁllagrrn%}a% Sgégﬁ%ﬁ%g‘%rﬁ%{“gﬁ?&?ﬁ‘ cr ocﬁ‘lrs?o gener a?el y’ '
conpioi s exainples fintdennting ssdyiagn@ingdhe pleserek of ebehcasfshseases in a subject and/or for

detecting amplified nucleic acid products or for pharmacogenetic determinations. The apparatus

comprises a substrate with one or assay stations and channels which are designed and arranged in
a manner which facilitates the introduction and flow of sample fluid and isolation-medium. The
apparatus can also include an integral sample preparation portion and the invention provides an

25  improved result detection system.

[0013] The present invention relates to a microchip apparatus on which numerous types of
assays can be performed. Use of the term “assay” herein is meant to describe any qualitative or
quantitative analysis of a substance that is examined by trial or experiment, including reactions
that indicate the absence of a particular substance, such as, but not limited to, a protein, antibody,
30  nucleic acid fragment as well as any indicator or marker typically utilized in the art for particular
assays . The instant microchips generally comprise at least one assay station wherein each assay
station may communicate with a first and second assay station channel. Also provided are
multi-purpose channels in communication with the assay station through which sample solution

and/or isolation medium can be introduced and conducted through the microchip.

3.



station may conmunicate with a first and second assay station channel. Also
provided are nmulti-purpose channels in comunication with the assay
station twooagbs2ehi ch sanple solution and/or isolation nmedirsaozensbe

i ntroduced and conducted through the mcrochip. -3 WD 03/035229

PCT/ S&02/ 00251 5 [00141 An enbodi nent of the present invention is directed
to an apparatus for detecting a disease conprising a substrate, the
substrate having enbedded in the substrate: a sanple preparation chanber
whi ch Snayl08H]cdmembedimgnt afithe present imgntidri iselitottod th eipparati BEAGRIng a

i ntroduct j: let. {1 ujdicall led to sai ol ti hanber ;
a but 1 or GREFCRIEYIHE  ShiBe YRR e a0 Gmbulien § I Subasps 6 spmElsar at | on
chanber ; peefaritnRh@RBriwicH ind Be CHATREE] foR ]ﬁﬁxg{i@é @gﬁ?ﬁlo%%g}%g b S%rgrrﬂtest oring

flow pronoting fluid, the storage chanber y cou he

f 1 ow pr odredvgtion inled fakbeabscouplad ta $red st prepration etantber,ChERE introduction

f 1 uidical t:he.. fl ow pronotj.n | ui d chanber. The present

i nvent i erlljl%tafrflﬁp %%ﬁ)ﬂ%gru%%:eg _r?% fhegs hepﬁ’rgB?rﬁ}t“?qg) ﬁI“HB ftaeﬂéwmromg@r%ﬂwﬁgh@mber, a
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fluig cafby- i | ' e nel.. second
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the inlets.fhui.di I oupled tqo t second_ mul ti-purpose channel. The
sanpl e %t}ae%‘gkﬁg%"?’gﬁ’e@?&ﬁ% é’%n,"%{‘ﬁ 3‘“&“[] %Pagg’&f Inthrpisey stehen/plugality phessey stgtignsui d
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carry o the. hod of the present jnyention of detecting a presence or
absencetbg?p ag& F%tgglg ersﬁ’gtsgo.m&n&@?’@ﬁb Iﬂlé‘i’ Wereraefinedlvd ehanplesy, the assay station,

and the channels, may be embedded within the substrate and can be, if desirable, sealed from the

o

environment.

25  [0015] In another aspect of the invention, the flow-promoting fluid chamber, and associated
channels, and the storage ehamber are omitted and the functions performed in those chambers

are instead performed in the sample preparation chamber.

[0016] The foregoing apparatus can be employed to carry out the method of the present

invention of detecting a presence or absence of a disease state. An exemplary method is directed
30  todetecting a presence or absence of a disease state, in a test samiyle from a subject such as, for

example, an organism such as, but not limited to, animals, plants and other living organisms.

The method comprises the steps of: (a) with the isolating device in the isolating position,

depositing a specific DNA fragment in the assay station and drying the assay station; (b)

applying a sealing layer to the assay station; (c) inj ecting into the sample introduction inlet a

35  biological blood sample; (d) injecting a washing buffer into the buffer introduction inlet to form

4.



30 to detecting a presence or absence of a disease state, in a test sanple
froma subject such as, for exanple, an organismsuch as, but not limted
to, ani mawe,03pbamd s and other |iving organi sms. The met hedTsaopnizses t he
steps of: (a) with the isolating device in the isolating position,
depositing a specific DNA fragnent in the assay station and drying the
assay station; (b) applying a sealing layer to the assay station; (c)
injecting into the sanple introduction inlet a 35 biological blood sanple;
(d) inj eglhiRfhrdof@s Qén%e BEbloBE ahdihe WaARBinR Wuffer inithd sa@ehi€ preparatioh eharhigerf @) m
-4 WD 03/ 035229 PCT/ SGD2/ 00251 5 a m xture of the sanple qf blood and the
washi ng bafsingred peliste separgit ﬁrom‘ébléﬁ bbp@ﬁellseﬁ@m}ewl(léyald&‘iﬁ@wqr s gipthes

t te f whi t e, bl
o the St e ek SRS S cine pA Mk AN B rBiioub i ARG LS
buf fer i perwiltCBlbONcdlR @htaifing PNA ﬁtagmem hﬁt@ sah@@dmaaé hysingdnifier;(g) dnjBig

fragments into solution in the |ysing buffer; i.nj.ecting as into the
sanpl e pﬁep‘amm ﬂ@ﬁa@h@mﬁfﬁ@ﬁéﬁ@ﬁ?ﬂpﬂ@?ﬁ Ng’uﬁfh’ég dysing Biffer dnt °|tﬁ‘? ao‘f"he flow
10 pronotin h r

stor age Brﬁ’&%% Lﬂurlfg’&n F(? %1\?%1 Bl?% ﬁﬁllglgﬁ %}&%JSCJIS h%lgﬁl?l ng t

i sol ati Oﬂodrepfbﬁl@tlhg)ﬂﬁﬁrdﬁhm%rt g\)vcm,fsntghhe isplﬁtmg dbviéd erpermai rﬂo&r mﬁthg INE LT buffer
fragments into the first m
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DRAW NGSa@ﬁHﬂy&ﬂg thit GNA fiagmentp] znd ()i detecting theemppified mﬁagmenﬁs an exenpl ary
sanpl e preparation integrated (SPI) chip in accordance with the teachings
of the p[o8IgnBRIPF&RICRIPTIMN T THE®RAWRNGS si de vi ew of the exenplary
chip of FIG 1; [0020] FIG 3 is a plan view of the upper surface of

anot her ROTB8| FI0! eped plbh ORRwi dﬂtﬁ@ﬁm@duﬁﬁelo)fanzﬁemﬂﬂa@ staﬂlpaascprepa:taimmeangtzhemn
al ternate enbodi nent of the %{esent |nvent| on; %0021 FIG 4 is a side view

of the ei&Hprhipyn asppiapse wlsthodeaghings o the RECSCBINVROND| an view of an
exenplary mcrofluidic chip in accordance with the teachings of ‘the
i nvent i o01PDBK3]2 lFla@deB’E?WQfﬁlerﬂxézﬁPWBéWBP Ef3.dit ernative exenpl ary
mcrofluidic chip; 25 [00241 FIG 5Cis still another view of an exengl ary
mi cr of | u[0926] EXE.3 ism plancdew af the wipehsurfree of awiher rysplePrepaeationdutegrated (SPD)

nvepti o, Y1 BRhaSAIRHE of hithiilaRUheRRih R Al YPestR b REbRST 1 N

[0021] FIG. 4 is a side view of the exemplary chip of FIG. 3;

[0022] FIG. 5A is a plan view of an exemplary microfluidic chip in accordance with the

teachings of the invention;
[0023] FIG. 5B is a plan view of an alternative exemplary microfluidic chip;

25  [0024] FIG. 5C is still another view of an exemplary microfluidic chip in accordance with the
teachings of the present invention, having sample fluid and an isolation medium therein
disposed;

[0025] FIG. 5D is another embodiment of an exemplary microfluidic chip having sample fluid

and isolation medium and a detachable absorbent;

30  [0026] FIG. 5E depicts the chip of FIG. 5D having isolation medium therein disposed, sealing
sample fluid in a plurality of assay stations and an absorbent having excess sample fluid

removed;



di sposed; [0025] FIG 5D is another enbodi nent of an exenplary mcrofluidic
chip having sanple fluid and isolation nmedium and a detachabl e absorbent;
30 [ 0026]wbloG03&Ey depi cts the chip of FIG 5D having i sol acrseoveesum
therein disposed, sealing sanple fluid in a plurality of assay stations
and an absorbent havi ng excess sanple fluid renoved; -5 WO 03/035229

PCT/ S&2/ 00251 5 [0027] FIGS. 6A-E show anot her exenpl ary enbodi nent of a
mcrofluidic chip nmade in accordance with the teachings of the present

i nventi i . | ANERER : ; ows
anot ero[gg)(gr}poﬁylg% yggé}g%h&gﬁg)rt%g%éelﬂ rzﬁij ‘lgn accor é)g%ggglvqin%? Ldlglr:\o ﬁgi}aeglgpect of
t he i nvertdrdhnce[ViORGE tdakkingBofGhd presettineemtibh erovatiengiothey sedlingaitangementchi p
made in accordance with the 10 teachings of the invention. [00301 FIGS.
7A- 1- 7 A-16028) G BF SKSIPARENEr 828HSAGRselling drtdnigBiflerd i hdtobdanty with asthayaspect
stations with sanple fluid; [00311 FIGS. 7B-1-7B-4 show the displ acenent
of sanplof thd miventlop; an i sol ati on medi um and sealing on one side of a
plurality of assay stations; 15 [00321 FIGS. 7C | -7C 4 show the sealing
of anot H802%YiKI6. 6iG depitsinmiticrgxanphssajcrefiviticehip mydedn aceaydangeiovithibei um

[ 0033] FI ,7D%-2 .shcx)]gs anot her exenpl ary sequence of filling and sealing
a pliQr altpachings of hedB¥PIUOLt i ons: [0034] FIG 8 shows an exenpl ary anal yzer
system accor di n% to the teachings of the instant.. 20 ina\zf nt%on' %00351 El G
9 shows (BBHIKIESN A6k EAARPY A XS aémqala%cw%@‘aﬁ Pleraiyof St e
with the, i fés%ﬁgi invention; [0036] FIG 10 depicts another exenplary
arrangenent that’ may be utilized in accordance with the present invention;
25 [ 0037 I 1Ay deph Gt [ rs ;
00331 AMETIFIGS JodepsilSo@ R ahd SPFRA, gy AIERAGI QB8R | o
1 | A, sealing on one side of a plurality of assay stations; - ‘

15 [0032] FIGS. 7C-1-7C-4 show the sealing of another side of a plurality of assay stations by an

isolation medium;

[0033] FIGS 7D-1-2 shows another exemplary sequence of filling and sealing a plurality of

assay stations;

[0034] FIG. 8 shows an exemplary analyzer system according to the teachings of the instant

20  invention;

[0035] FIG. 9 shows an alternative analyzer system that maybe utilized in accordance with the

instant invention;

[0036] FIG. 10 depicts another exemplary arrangement that may be utilized in accordance with

the preseﬁt invention;
25  [0037] FIG. 11A depicts an exemplary sample fluid preparatory area;
[0038] FIG. 11B is a top plan view of sample fluid preparatory area of FIG. 11A;
[0039] FIG. 12 depicts a top view of assay stations having exemplary flow promoting structures;

[0040] FIG. 13 shows exemplary fluid vent channels of an exemplary assay station

configuration;
30 [0041] FIG. 14 shows an exemplary bevel that may be provided according to an embodiment;

[0042] FIG. 15 shows another exemplary embodiment of assay station;

-6-



[00391 FIG 12 depicts a top view of assay stations having exenplary flow
pronmoting structures; [00401 FIG 13 shows exenplary fluid vent channels
of an exewploangs2assay station configuration; 30 [0041] FIPGI/SGA2/8028Ws an

exenpl ary bevel that may be provided according to an enbodi nent; [00421

FI G 15 shows anot her exenplary enbodi nent of assay station; -6 WO

03/ 035229 PCT/ S@&02/ 00251 5 [0043] FIG 16 depicts still another exenplary
enbodi ment of assay stations in accordance with the teachings of the

i nvent i ofyo43 PRRA11 6fdefictskfilliafoBeSddf LibB&tenPHBssayl Bk i@ébctsfr‘lagﬂm With

configuration of channels in accordante with the teachings of

i nvent i othg t§a0bis3 ofthGinvestiers anot her exenpl ary enbodi ment of channels for

mul tiple sanple testing 1 o according to the teachings of the invention.

[ 0046] DC0MILAD. DESCRERT biobs-SdetididE vieMvENTH ENnipldid édnflueativhedehinneivignt i on

relates to an apparatus conprjsing a substrate having at |east one assay

station Qcﬁ(”iﬂﬁp??nw‘tﬂh@‘eat?acb@&%Pf@‘ﬁém@é@% station has at least a first assay

station channel and in _particular enbodi nrents nmay have at |east a second
assay st@043nF1Eh a8 armothrs expniplacyeantiodimaen of chpsmels Sonravliiplessmplestestinigon

desc]ri bez?c{:é:!&ﬁgﬂ%‘?ﬁ‘e %%}ch\gggigca?ﬂ% igéénttf-oﬁ.ljl ar assay takes place. In particular

enbodi nmen ass t1Ton conprises an area bounded by isolation

medi um ) j [ assay station channel s each
separ at dPOeI TR RGN O R TR ST Y e ssay station. An
arranger‘ﬂa(r,\éiﬁ at least first. and second nulti -rgur posg chapnel s are

provi ded il chhediresenhinyentiog relafeiit At aRNAFAUS GO Hied Yo Eje Bivang girlcastame

first mystd-RPHORAGE Svbidh thDANBARY 0RO SiafioPRR3Y 1kl froihseANRRIN dhaNS] and in
internal surface characteristics conducive to conduction of a sanple

sol ut i orpattirestaatehmbodiphentsHoay boverap least 4 secamd asqapesiaiionfdhaintl.s Axplibizédsherginpthieded

, I b it h hyd i]i
yarspni Ly e Goofited oo AT & BoftenPE Rt BREST Bl anne <

( geonet rentbodinsAs, e ks istlioP teMpHeS an RedatboabidlalbyCeslskith Mediam, fRxeapRUC ve
characteristjcs to particular channels, particularly when 25 channels

havi ng dilesaiddiret 36 saeondasyestnionichannsly caeh svnastisly atedp commUBiARHOR MERRish.
oast 1t kpSEnt B8 SRR, Rncpherhéth 8 of Sadk irf AITURLEPRLRLpHERE: UBfndlh ars
is in comwdideabicbaremtiivid érenmtmicatast with said assay station. The first multi-purpose
20 channd and first assay station channel have internal surface characteristics conducive to
conduction of a sample solution therethrough. For example, if an aqueous fluid sample is
provided , the channels may be either hydrophilic or are treated so as to be hydrophilic. In
particular embodiments, the shape of particular channels (geometric characteristic) provides

particular conducive or non-conducive characteristics to particular channels, particularly when

25  channels having different relative geometric characteristics are in communication.

[0048] At least one sample fluid inlet is in communication with the at least first multi-purpose

channel, and at least one isolation-medium inlet is in communication with the at least first and

second multi-purpose channels. The at least one second multi-purpose channel has at least an

internal surface portion non-conducive to conduction of said sample solution. For example, if
30  the sample fluid is aqueous, the second multipurpose channel inner surface would be

hydrophobic or would be treated so as to be hydrophobic.



second mul ti-purpose channels. The at | east one second nulti-purpose
channel has at least an internal surface portion non-conducive to

conduct i owoamB/o3ree sanpl e solution. For exanple, if 30 tireTs@mopb@sfluid is
aqueous, the second multipurpose channel inner surface would be hydrophobic
or would be treated so as to be hydrophobic. -7 WO 03/035229

PCT/ S&02/ 00251 5 [0049] The apparatus can further conprise a sealing |ayer
which seals at |east one assay station. |f desired the sealing |ayer can
seal sonl PS()OR%}ETI% e}ﬂpﬁﬁﬁs O BurBRP B¥mBhiRld QABnPlay&ahiSIE#alsPR1das 0 Rbay diion.
apparatus substrate up to and including the entire substrate surface.

[ 0050] |1 desiredehdsdlinghiyer daheedl winkyr thakt kastfoae assay statidng dricas seahpditionpaf hes e
channel permts _ flow hrough of . .at .|east o f a.sanple fluid, air and an
i sol at i GIPPRBHSTHPSIE Thie %ﬂﬂf’&??fhvg%e ﬁ’fef%@érag‘? SWCE second mul ti - pur pose
channel permits the flowthrough of at |east. one of air or an )

i sol at i dROSRIdupwe I5EbofiEnent thegiramal isvréaqe&fﬁfléﬁﬁﬁ@dawum?ée SRR PmifS o,
[0051] 1, of SRR bHE(H 2 IO RLidNPAhd Aisolalin hRURINAld BUBSE OF the
mul ti - purpose annel” and/or a sur?ace of the second assay station channel
i Medi atsetfucadf atksetondmtiepurpéserchamtel permifs the fiewthemghaf askast ost af aioor an
channel .and.the second.nul ti-putpose channel .are both.pon-conducive 15 to
conductiléfﬂatéﬁn‘%’&&&nb@ﬁﬁ@t@?fﬁm efﬂ%é’“gﬁﬂlié}%ﬁ?m? F{]“F'Fgr assists in the

| ocalization of sanple fluid to the assay statjon_ as | as the sealin

I
and i sol[8034ringnothpeeraaapentioftheonvertionstip intermakivpiess of tee euit-pErRosHFiagarkd
such t haa&lgﬁ)& a'sﬁﬁ% gtgf%c%sgsgg%d@ﬂa}ma RMFRABRIF ARG & thefBerdstion of

comuni cati on W r assay stations via'the first and second
assay stthd seepbnd edsansiatien clraes¢ eat itheedegondomubiapuwipgie whadriel grediottasagorsiiaive ons.

The plurality aof assay stations.are rranged to.provjde at. | east. one of

St e strdugfon 8F Ga spte B 5 sfbodtioe R tRher Sy B e Sacdlizat R sREB R 1
the sanghfd {d thedssaplstalib®Bs &OIN e Hle@Balirpamaliolation dfite Rbayl @afdn. first '
mul ti-purpose channels and the first assay station channels. Additionally,

the bl UMghssh VTifsuBiRmYcahtRcfifigurtd Budihaid IROURM did sRIRMIARPurb BB SharkiR® OF
si mul t aneous or sequential filTing of the first and second nulti-purpose
channel swrenintdomrvenicativnayitborplradityod assayswations ivéa the firshpnd secgnd assgrgtatiemt i ons.

25 [0053] Th stati . have_di d i :
22 100530 %, AS5N A0 0y SRR ARRRECTALRAELR, B phRERbo G
reaghi ORrAsEAY0GRIIAN S tascait daintRaRoUSRY eqntinkfiliing anthe@luraligrafiassay[ 0054]

A sanmple fluid_ inlet can_be ip ,com‘rugli c%t&lon w.th a sa e fluid
pr epar atSiasigns pith thgspmple fluid solution conducted thereto via the at least Tirst multi-purpose

channels and the first assay station channels. Additionally, the plurality of assay stations can be

arranged to provide at least one of simultaneous or sequential filling of the first and second

multi-purpose channels with the isolation medium to seal the plurality of assay stations.

25  [0053] The assay stations can have disposed therein at least one reaction assay component. For
example, if PCR is contemplated, the reaction assay component can be one or more primers

and/or a probe.

[0054] A sample fluid inlet can be in communication with a sample fluid preparation area and
the substrate can include at least one of a sample preparation chamber which may or may not
30  have alid. At least one element for controlling fluid flow in at least one of said channels can be

incorporated into the apparatus or substrate.



the substrate can include at |east one of a sanple preparation chanber
which may or may not 30 have a lid. At |east one elenent for controlling
fluid fl owoion/0ai229 east one of said channel s can be i ncor persGeoé2st o t he
apparatus or substrate. -8 WD 03/035229 PCT/ SG02/ 00251 5 [0055] The flow
of sanple fluid in the channels on the substrate can be facilitated by the
introduction of a flowpronoting fluid in to the sanple fluid via a chanber
for introducti on of flow pronmoting fluid. [0056] The chanber can be in
g[@?%?nl“h\é‘ﬁogv @tisp RO §iP thePhXhdi Gfhd sﬁﬂsﬁ‘ﬁfe&ﬁx@ﬁ@ﬂcﬂﬁa‘[e& lbyiicgk Wi th the
sarrp e ion. 10 O 7] The present invention further conpriSe a nethod
f or condntedductjom eﬁa:ﬂowrmomutmgﬁuldsml bsthe atrepledluid vin g chambentfpomirofloa®®]ofAn
exenpl aqxéi met hod. i des introducing a sanple fluid to at |east one sanple
inlet; ‘Pﬁoﬁ‘ﬁ’mﬁgﬁa‘f | east one assay station and the second assay station

channel via the at | east _one nulti-purpose ch nn | ; all ow : )
i sol at i dW039ddibgehamben cepbe #t coraguRicEin Vil gk dRigHRE SCHoVPramotingy

into at Cf‘% saM 1Sttt | - purpose channel ; and runni ng at | east one
reaction sai east one assay station. The reaction in the assay

station s AL J.east Ltatl I for
exalpl ¢ ﬂ%as"liﬁspa%sfw 1§ bigf R0 pBEq SR codahL HALINE fifhe

guant i t athv@tes@@ttds Havnthm. obt a| ned utilizing fluorecence which can be
provi ded by at |east one of intercalation of a flurophore or fluorecently
| abel ed [qys8pern MRapIdr HRHREGREG s iftrSdiRIMYLAmpIdBuid 36 aYless: ahé Sspl@thlét) t he
substrate can be eradicated with at |east one excitation frequency. The
probe cdillingsthe |aa1§est@ae pspay statiemand A scevnd gssay giagph ehaaneliyia theA) gasigne
conponent ,of a in I

east oftpufhodt PR, ERGRNE ol HOf bRt ok e Bec i MRRMERER it 1o,

bei ng asiayiat atfasmblediiyt njth/putmise vitanel; qmmrmﬁ@tat msmmy réetion etmﬁdm lbast
provi ded by florescence resqnance ener gg ra sfe | um nescence or

col ori mep$ P%E‘alﬁ ratiere, Theeactionipthe assay §t rovifles tr‘@’d’ ofGaltaVE9T ons
conduct ﬁQarﬁﬂaﬁ\Qedaﬁau B ex@hBlcCABolBAAAR dtake dhY Q@@ést b Lﬁﬂlﬂi’tﬁe of QiMnfi@dtivel OF

exanpl e ermocycling conditions. The test sanple can provided to the
appar at dstalogn ba pbtaaieﬂymbabg Hupienencetyehicleean lzﬁanpvléect by @ttleasé g ofoptercalation
prepar at % %Hé:}))ﬁ;lo X rgpugu%gﬁt}yaﬁéglgg 1%th V%Vhé%eﬂ\.?)tresgendzgﬁ 112?109(?& ftl?e a@aﬁr stations

separ at & PEER b Pertore
prepar afi We stbatatcddhineiighditfiedpith ableavt dnbieRcitdfion Selpsdneat he probe can be

labeled by at least one of a flurophore, an enzyme or component of a binding complex. The

result of this method provides at least one of qualitative or quantitative data relating to the
sample fluid being assayed. Exemplary qualitative or quantitative may be exemplarily provided

by florescence resonance energy transfer, luminescence or colorimetric change, for example.

25 - [0059] If desired, the reactions conducted on the substrate can be conducted under temperature
control, for example, thermocycling conditions. The test sample can be provided to the
apparatus by initially subjecting the test sample to at least one preparative operation. The
preparative operation can be performed separately from said substrate or can be performed at at

least one preparative station which is upon or within the substrate.

30  [0060] The at least one preparative operation can, for example, provide nucleic acids susceptible

for use in the reactions to be conducted in the assay stations on the substrate.

[0061] Additionally, at least one assay reaction component can be disposed or placed into the at

least one assay stations. The reactions may provide for the detection of a variation in nucleic

9-



30 [0060] The at |east one preparative operation can, for exanple, provide
nucl ei ¢ acids susceptible for use in the reactions to be conducted in the
assay st awpoa®3eot he substrate. [0061] Additionally, at [PeasiGopp@sassay
reacti on conponent can be di sposed or placed into the at |east one assay
stations. The reactions may provide for the detection of a variation in
nucleic -9 WO 03/035229 PCT/ SG2/ 00251 5 acid sequence that is associ ated
with virulence, disease, a particular phenotype or interindividual or

i nt erspegdid bdquiddel tRdt PRS0 @htedlivithQirARGES,-disehisel 2 yaic @bt SHxotyde OH Glt@iidahal
sequences include single nucleotide polynorphisms (SNPs), tandem repeats
and i nsesrtinorepecifid varates ex diffarencésoGBrh vatations il mmbac agid sequgnedsanclugd ch can
be conduct ed includes,a nucl ei hd anplification 'ste n he assay
Feact | orRpLHEEE bRt G et fans e A ProrBh D P elelin@ 5

[ 00631 The nmet hod of the inventiqn provides faor sealing. or i.solaf.ion. of the
assays sl086%lohle %Q/easb?@ﬂF%féeﬁé‘hl‘&o‘Pné’&ﬁﬁp&Cﬁ%ﬂ%l“ & ARG @laaﬁl gAtion

channel sy aﬂ@tﬂe%géagtrgémaﬁe&hg@anif Boht s Madldse gfcnﬂ@ I YiEnged br BendeRt r 0duced

sequentialTy into the at |eas Irst”and second nulti-purpose channels or

i sol ati i b - | I 3 f | t L4 :

mal (7 puri00Es DHEREA0e BEup I Shs b PHISE B bl I lop o Baspf Stigms by

mul ti purdisisceateanofdamplni@uid Sothatnndti-pueghise chammelk by tay iot=aionymedinmt dhieal whi ch
is of an qpposite nature . as conpared to the sanple fluid, th i s,

subst ant!FARHSA-MeANELFaH be Fadyce %qu%mﬁ?% o i a%ae A e e PBRLREPER of

i sol at i Qi Rgl MsRLGH AERukhEn BE TRt Bk Rfucéd fntd heM Rad firdtmiblBASbossS@RaRd
mul ti purpose channel and the purging of said sanple fluid fromsaid at

| east fifoBowedrby intyodngiimeantolibsatdesst sesond multipuirpose Raaninglo | Htei isplatidn-madicinais
| east one .assay _statjopn. containing.said 20 sanple, jsplatigngs In. the case
wher'd « HEPaD, Lertshiah Biol i e dapraRrdnr & SRR oM Sl A 4 Udes
step of s@bsthaasly iPadsclle H@thithl $amp@flufr i ng and pol yneri zing said isolation
medi um  [00651 A particular but not |imting enbodi ment of the present
i nventi qpog4] Tic"ifebRRGHR oSiBORSn mRARRARHRYIdeN tHe PuShPb by frfinSaiiSA 81
m crof | ui di ¢ devices and nethods of using such devices. The devices, and
met hods sefondiauliipemest chiapned ged e musging pf spidsample Juidsran spdet oagt fgeh ds, e. g.
DNA, to . i dl ' ' ' ' izcal
onrmol s M ERot chafifl REAHnhe ASRASE oF B Bl 84 Bhe heaP AR (el A°
det eot | ngmplyikolhtied Inuld @ise whetedhgisobitiot snefinm &.sglidifibble/the dgptane hiethod
det erm nati ons such. as for netj.c.fingerprinting..As used herein the term
et ect ngndesagiintar bt top O Bt gonnn o e AR RS RoPEP RGPS ¢ o
a subject test sanple contains at . R L

[0065} A particular but not limiting embodiment of the present invention is directed to sample-

preparation integrated, disposable, microfluidic devices and methods of using such devices. The
devices and methods of the present invention facilitate analysis of nucleic acids, e.g. DNA, to

25  rapidly detect and/or assess the risk of diseases in biological samples. The devices of the present
invention can also be used for detecting amplified nucleic acid products for e.g. pharmacogenetic
determinations such as for genetic fingerprinting. As used herein the term “detect” or
“detection” or “detecting” means to diagnose or indicate that a subject test sample contains at
least one disease-associated nucleic acid. By “device” is meant a chip which incorporates

30  elements necessary to transport nucleic acids and perform nucleic acid amplification, such as
polymerase chain reaction (PCR). The device can optionally iﬁcorporate elements necessary for
on-chip isolation of nucleic acids, such as a micro-filter, sized to trap white blood cells from a
human blood sample, for example. In accordance with the present invention, DNA molecules can

be rapidly analyzed from a test sample, e.g. a biological sample. In one embodiment, once

-10-



| east one di sease-associated nucleic acid. By "device" is neant a chip
whi ch incorporates 30 el enents necessary to transport nucleic acids and
per f or m maologiogs2aci d anplification, such as pol ynerase chrairrsGozeesi on
(PCR). The device can optionally incorporate el enments necessary for
on-chip isolation of nucleic acids, such as a mcro-filter, sized to trap
white blood cells froma human bl ood sanple, for exanple. In accordance
with the present invention, DNA nol ecules can be rapidly analyzed froma
t est sanppsliedetoghe devidiepthe Gscaimpaiiseayell fo @REmaRdHe Ef@@ﬁoe R RBSencd Of ¥@isease
03/ 035229 PCT/ SX02/00251 5 applied to the device, the test sanple is
assayed tbhagetsdpediplefor develnpingndisease. Apdeshsample” emplogehbethegressatiayentidre

risk for: ' A di N e I d t he present

| nvent | ofterides ARty il biFRB6. B lEianATR prer PR B R B RS oy ot
whol e bl e@dodihiengneissertbabgamné or Blobd satisle iRMMGadceisatsttd Batle saaPbpstéhom a
subject is tested in the assay systemof the invention. Were a tissue

sanpl e i SedBveasions Wraesa Hgsue rumpie s OdeseryRe b desienice ppd msihods o thegpresent
(1T g vehiln, UhaldE, SRR € bty BRMARIA el ARIRN ah B iecRIE R A0

appl i ed debristaaddbteaix DNGY intarsehittoneriticlocan Bedpphid tofbe devieal the ifviestigt. esence
of infectious pathogens (viruses, bacteria, fungi, protozoans, m crobial
or gani snH066} Fieedaipts), tierpresanaestitfectionsiiathogais (WRustelveteid, Rngh peitbebang a
virus- specific prinmer or ¢cDNA or fragnment,. pre-|labeled wth a fluorescent
mol ecul emihebiaberganjsms %ﬁ%@k@i%ﬁ%&%@%ﬂ&% be delrpied by Ervidiag ayimpr ough

t he devi [ Mg, i i oduced i f
tho t st Teaumpaitferi DR SRl e MRSt bRk bleotl? SRl 0067,
Bi ol Bgi chioressin. SErgibs sample 3NA ndemdected thotdiethpdedento thapdmer wherarae

derived from subject Si ng. -known t.echni ques such as veni.puncture or
£ ssue. HHERre R RERL W B bbb e Shutle Solae B G5 Pt

non- humeliawidEPCR. such as |ivestock, blood and tissue sanples are

general ly obtainable fromlivestock processing plants. Dependi ng upon the

parti cul poe7]enionstica fst HRIPNS iR haCHdLRE withBe pRSdnt GRERGUNLS d@ﬁeeq%&iﬂi ded,

e.g. injected, or optionally free in ~solution. Aninals contenplated by the
present Suhigetstusing welkkapra teehniquesangl e venipvacivre ardissid igpsy. IWhestleck, avi an

specj,es,;ang: S t: X s. and cats.. A preferred . animal is
a Z?OhunbéltﬁIB leclgl(r?!g%fgzt #?@%@?gfg‘%g?fﬁﬁép % e prese ﬁ‘f‘:%iaﬁ\%’ ﬁftg%{nfbﬁﬁqeanaggfli?e i's
a | ab- orsampbasiape périecdilyabmitnbicefromrlivestdck processing plants. Depending upon the particular

embodiment being practiced, the test compounds are provided, e.g. injected, or optionally free in
solution. Animals contemplated by the present invention include, for example, humans, reptiles,
livestock, avian species, and domesticated pets such as dogs and cats. A preferred animal is a

25  human being.

{0068} According to the present invention, the device is a lab-on-a-chip which can have various
channel dimensions (i.e. lengths, widths, heights, diameters). For example, the multipurpose
channels may have lengths of about 1 mm to about 500mm in length, from about 2 mm to about
10 mm in width, from about 0.5 mm to about 10 mm in thickness. The assay station channels

30  may have similar dimensions and have exemplary lengths of about 0.01mm to about SOmin. A
sample preparation area may be about 5 to about 100mm in length and width and about .5 mm to
about 10mm in height. The device can contain one or more sample introduction inlets, one or
more chambers, one or more interconnected channels (sized to accommodate fluid flow) with

surface of entire channels or a part of channels being selectively either inherently hydrophobic or

-11-



channel dinensions (i.e. lengths, w dths, heights, dianeters). For exanple,
the mul ti purpose channels may have | engths of about 1 mmto about 500mmin
| ength, fwomsab2a¢ 2 mMmto about 10 min in width, from alPemsGd2/Bo23m to
about 10 mmin thickness. The assay station channels 30 may have sim | ar

di rensi ons and have exenplary | engths of about 0.01 mmto about 50mm A
sanpl e preparation area may be about 5 to about 100mmin | ength and w dt-h
and about .5 mMmto about 10mmin height. The device can contain one or

A aﬂﬁg{eﬁ}%mg odug 1io%: grgzztécmvﬁh %ycét%@ﬁolﬁ& or FRIEp1iicFRRFigls, A1d%nelor M€ assay

i nterco channe Sl ze ccommodate fluid flow with surface of
entire chapnerd mMtleit it (e.cafDNAand ®RNA pehpiificatibe ditie detige alse hrsferabliyeoatiains
hydr ophobi ¢ or -11 WD 03/ 035229 PCT/ SQQ2/ 00251 5 hydrophi:lic-or can

treat ed ahieap Wm@bmﬂ:adﬁpiﬁy i SPER et %ﬁ?aaﬁ?%“%gﬁg Q‘(‘}ﬁ o ﬁﬁéﬁi‘lcg%iagy
statl On}fl‘cf %ralgpéi§lcgﬁt§iinaaq hlst{ e Temti?Ne GRG ENRbadiiRe vhit€ Blob@BellsRémdavitce

al so pr &t a y'contains at |east one nucleic acld-adsorbant surface, such
as a si lsae@ledler ond drhzetimenty thaoethotk ef theviresenhinyentiah e gaaed @t pudbmieriss at

| east one nenbrane filter for. rati.ng white blood |ls t
sanpPe. fPhowwe eé%ﬁ&“r?éﬁtb}d?ﬁ@ﬁ%?ﬁ%@eg‘?r stuh%tar&ailg & %lglr?{t/eec}\e{t%cglﬁ%g?stgﬁ%a?yi ed

out on t 06 imRefidle” WnBht Bsultaedd W obdinéd Riabbadi iutdsas R abenioard. or
subst ant?‘glfs?agl\ﬁ:amré?lgtle edet ection results. By "substantially i m’redjgf_%ﬁl% S

neant r dauhbthercanbdkmett tie pestentinedsion abo gppigmplates APl FERPIIEIFING O
anot her enbodi ne he present inv I on: : { npl:
pr e- pr o8BS StORES r}%tb%{‘??tpqa‘%g d%ng%cemggésfd%? ]ﬁ%i %(%sl %tgmrﬁg:{)i)l% ﬁ? AR iSgenerally

fag sanple, 1f processing i's
desi r ed @tp1yddahRen thé iRt saliph: BlobRsAifRgn lswgellavaing ylevieepirapatifvgntiont he

test sanple’is obtained fromflow cell sort igﬁyggqvigﬁ?}g or c?nt a%g\%i%l o% 15
devilses,deaieds, ahd the ke Seapl Reprraliy BPtogals dp TR caRETN 1%
found in S ifb - | it 1 Re¥mpPhdhea withda e

edi ti on.“tdd ooﬁg%éar;ﬁég%lﬂ Iplk %&@J%}% ﬁhﬁ%lgmdf@grlrﬁqh%, What %n, etc.,

whi ch  utfidrh Qagenl Wiashare etor, aviécht willvie ndlubis/méroragel toraard BN pr ocessi ng,
non-nucl ei ¢ acid nol ecul es that may inhibit subsequent anplification or

i nt er f erjgoey]toriphepidcunings n@nhuddiabyid insoledulgrtbatutysinkibis snksequad amplification

Pre-processing is 20 conventionall, er(fior ned in a drlgvi ce whi cqs can be
modul ar caRdcEeisar BRIt HE HLUTTY RIPHe pBOEd: PIRURATIBE.S The
{)r e-jr oc %ﬁ%m@ﬂm?ﬁ’fﬁé&rﬁﬁﬂ i LIRLALEHhic cARbE mdhlar adiWepirafel fudrmliteaddvice odttieach

o the device o e present invention is a stand al one nodyl e, .The_ stand
I

al one mysleseat ingentiqnnKidw pbgprecessipg modnde P%?Ippl_@%éo W%?ec‘ﬁiﬂé fll¥ o
sanpl e Ia’%tlaglg tozthg fde\tfigg o \élpge%eanim;e%%mﬁ) [EPERd a1bE0ENIO M The stand alone module is

linked by a liquid delivery tube which can connect to sample inlet 2 of the device of the present

invention.

25 [0070] Preferably, pre-processing is performed on-chip. In accordance with the present
invention, for pre-processing of a test sample, DNA and/or RNA is separated from other
biological macromolecules and small molecules in crude samples such as body fluids (including
blood, feces, sputum, aspirates, swabs), homogenized tissues samples (hair, mouth swabs,
biopsies, aspirates, whole organisms), environmental samples (surface swabs, food,

30  water/liquids) and the like. These samples can also be enriched and semi-purified. For example,
the present invention contemplates enriched or semi-purified populations of: white cells after
buffy coat centrifugation separation; cells cultured in vifro and cells obtained after flow sorting.
Preprocessing is performed off-chip to disintegrate large pieces by the standard procedure of
aspirating the solid sample through a fine-bore needle such as a 21G-28G sized needle, for

35  example. The sample can be stored in standard chemicals, such as guanidium isothiocyanate, for

212



25 [00701 Preferably, pre-processing is performed on-chip. In accordance
with the present invention, for pre-processing of a test sanple, DNA
and/ or RNWoios/03epar at ed from ot her bi ol ogi cal nacronol eciCasGapdo2snal |

nol ecul es in crude sanples such as body fluids (including blood, feces,
sputum aspirates, swabs), honogeni zed tissues sanples (hair, nmouth swabs,
bi opsi es, aspirates, whole organisns), environnental sanples (surface
swabs, food, 30 water/liquids) and the |like. These sanples can al so be
enri ghe fMnhidulihd ¢ ipr t; S 1 i

cont gnp%gtatggleznri ci%géh %?e%gag%ﬁﬁaf?fﬁiméé po%tﬁiatl cl)ﬁ gészs ﬁlgk\élg@edtéﬁenielpslacaef ter
huf fy cominedatlyi f ugati on separation; cells cultured in vitro and cells
obtained after flow sorting. Preprocessing is performed off-chip to

di si nt ego@R1¢ Ih ac@edpice o4th abpectshod tisd raghat thvphit@e DN Larefor RASAIS Rbiabd] £H8 a
solid sanple through a fine-bore needle such as a 21G 28G sized needle, for

35 exan¥sésampie- ondeNAtiprdserhed ogtomdriivitized sifica spréacedmatpbalized on
am: . t t e,
Lo i o P RESREAR IR eschlof spifoptite IR Ao Hehn MBS e BHATT &

pl ace INH@didasealvgd i WaEldndl TrisadCbadiastattodH 1.2 afkp exdnsplaf Thdreudidie aeids

i nvention, DNA.and/or i.s isolated fr a_  test sanple. The DNA and/ or
RNA i's a_@%‘f Fete SHS oA PR g Cgi“]gfsc b adsonteat pEs JomseseplfRd by Hee

M cr odeyidzgntiifvdnien m&&en%ﬁnaé bERRI(ORES tilafis) Meld i chaiba D wah fARi di um

i sot hi ocyanate and 10 NH4C dissolved in water and Tris-HO adjusted to pH
7.2, foparemagpdts. pattirdesimmhabilized ¢ dsambedthleyr magretic Hieldsyanfdasembiaees @ filters

el ectrostatic,chayges. e aorbent surfaces coptenplated by the present
i nvent i 8@."‘1“6‘&11&8%‘{39‘6B?Stsiﬂé]‘f’%ga*g%aéﬁ‘g"? PIGDAZETARETHES § i n chanbers with

filters; amagnetic particles. i bilized in chanbers by magnetic
fields; mzi’r?g? ihg.ﬁ’ﬁ’ ﬁlr? OpFanpe P%$§m ag’]lgg 8% F9gventign?! swg‘:g‘e‘%gh‘? NF g‘ﬂ@’ﬁmﬁgs ed on
i oni ¢ CRAnGA RbAPSED nB&rombRchif) B DNABLUAY fgh SfutddRMesLNY HetharRGrds are
conventionally washed to renove unwanted. cellul ar débris and

macr onofutage @sd/orpeclenagifnsing Sutfereof nebinalad Gycluding yiatey), eiteerdyforyeardfilow

o1t hareant i MMRIng) Theflitish bl andlon SHUGRY ARrbdIL Ehd Rl o1

ei t her by “forwa ow or Cs of sanp

i nt r odusdin®passive o actiycantlies bnd pronpg negatiae prasslrowictiol o pesithasbssardr active
val ves an nps,, negative pressure suciion or positive pressure. 20,
Prefkra eg%f E’%ié’stteﬂféﬁ‘gféé ?%PEO‘?‘}‘EF oY g@d‘tei"ﬁ‘ﬁ JSPRENGEVIER H}‘_é‘i‘lﬁgs‘{?hés SYTIREST e
pUNMDS, Sk, afneYlldyliges, fHRdtic SR i gesps.Peristal tic punps or vacuum
punps.

[0073] In accordance with one aspect of the present invention, nucleic acids are amplified at

assay stations. A digital camera having a sensing element and suitable optics for acquiring

images can be employed to detect light of specific wavelengths emitted from the samples in the
25  wells. Nucleic acids are selectively amplified to sufficient quantities for direct and simultaneous

detection without or with minimal post-amplification steps.

[0074] Amplification reactions contemplated by the present invention include, for example,

polymerase chain reaction, ligase chain reaction or isothermal amplification reactions. In one

embodiment, a reverse-transcription step (employing enzymes capable of reverse transcription)
30  for amplifying RNA targets is conducted before the main amplification step. In another

embodiment a reverse transcription step is combined with the DNA amplification step.

[0075] In accordance with the present invention, nucleic acids are introduced into the assay
stations together with conventional reagents for the amplification reaction such as enzymes

>

primers, deoxyribonucleotide triphosphates dNTPs, fluorescent dyes, detergents, salts and
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[00731 In accordance with one aspect of the present invention, nucleic
acids are anplified at assay stations. A digital camera having a sensing
el enent awo os8i2abl e optics for acquiring ,inages can bePemsGoyeest o
detect light of specific wavelengths enmtted fromthe sanples in the 25
wells. Nucleic acids are selectively anplified to sufficient quantities for
di rect and sinultaneous detection wthout or with m ninmal
post-anplification steps. [00741 Anplification reactions contenplated by
the py esgfferd. MRAOMatiRCEHBRHMER! soBXASMhSreagfiftt ?Kﬁfc%ﬁl?ly Ers'af@fok bR¥bes)

| i gase chain reaction or isothernal anpllflc%tlo reactrons. In one

enbodi mengy, bapreappliebiot thaassey stpticroandsired; thesqrieayentsgvidlieysoibilizap ablcentatt

t i pt.i 30 f i fyi RNA. t t [ nduct ed, f
e’ man VB heBibe MR Rereeh Riibnie A S iin shareduids wrmnseR i on
step i s gasduRds Wihdral AL i aiiRé likd, @8 bOBARIIRP the dhfiPfircheh Bnd6F Rlogance

with the present invention, nucleic acids are introduced i'nto the assay

st at i onschesgds after the sampledreegent mdxtute. Thagemissibloliquithwilhiiyshi ¢ cluidraccesadbi on

such as .enzynes,.. prinmer deoxyri,bonucl eot i tri phosphat es Ps

f1 uotes ctg%%s\é%%%t,lmg &t g?&@%? tasp,eflyglé?ltbgnﬁaﬁ go Prf’&‘erg\%‘?)‘g}"g@g%ﬁlx fgg%’%?ﬁ‘% ¢fs5

buf f er s.thd sssaynstatidrewiiathay of aljiedi 483t stati@ge Oof the reagents (particularly

priners and/or probes) nmay be pre-applied to the assay station and dried,

these r qa@RtThe\hsday sBRioAObA il dediRdl oPhe PPRAEAGHventioh Rard BEart A6 H%l%densigr,

sanpl e/reagent liquid mx. A second liquid in characteristic, I scible

phase s gttherds twodanensiais|or imthxee-dimensions, witheackcbavingansekdaplary volneeohnging -

t hr ough Qne_.or e .channel fter.the.sanpl e/ reagent .m xture..The

i sci BB P 4167 i OABEt Setperd ity THE Heegulinyeption be e S0 4 at i ons

and @Bct sasultmpbist aaplifyand detect micliceasadiprédaat tanbant Bto Fbit50,000 akHs

contents of the assay station with that of adjacent assay stations. [00761
1

The assa{lierailie REseH RYRatigR ise sonemplss Hheinelysion of i vidirlisehthsanacoayels i n
hi gh dengida¥ assg) kB8Snd. Tn b \WReBirdEaTb QR e%sgaprs&?fogé %%@%'Qaéd t V\éotn?ngrgc h
havi ng an exenplary volune ranging from about prco li fer to abou

m cr o | itheemgl pafametprse€emmonribemial prrahetsrst feemit dxachetions in dish sssaw statior daibe y

amplify and. detect. nucl ei c.aci ds present in.abgut. 10 to about. 50,000 assay
atat1 onSPBSATLS R SRt nEri oS e e deg o R TR Ghi

i ndizyi duakiidr dr tHeadoRBént@EBhY 6ff the reh@nt€£ LAt eRBHBBY, TbAkipfifiSationtesttibh M thRd
enbodi nent, the assay stations are subjected to comobn thernal %é)ar aneters.

Common  PHE? fiter b cxpiiedhzough aitet of prrsletesmted derperatuessdbr ersamle. 86%t fon to be
opti m zagd tQafors 50H08C TS prithed MGEMRE, AR GE HiBOS: L¥o¥ ¥k B8n EJ&S 9?e%érggly9f

the anplitication
the amplification reaction is conducted isothermally at a constant temperature (e.g. 60°C).

[0077] In accordance with the present invention, the products of DNA amplification are detected
25  insitu homogeneously by detecting fluorescence emitted specifically in the presence of
amplified DNA product. Detection is achieved using a fluorophore ihat specifically fluoresces on
binding with double-strand DNA such as ethidium bromide or SYBR Green 1, for example.
Alternatively, a specific DNA sequence can be detected using one or two fluorophore-labeled
oligonucleotide probes using transfer of fluorescent resonance energy. In one embodiment, the
30  detection step can be performed after the complete amplification process. In another
embodiment, the detection step can be performed after individual thermal eycles. In still
another embodiment, the detection step can be performed during intermediate points of an
isothermal reaction. The detection of amplified nucleic acids is performed with a digital camera
using excitation from an off-chip source of incident UV or other appropriate wavelength light,

35  and off-chip detectors for the emitted wavelength. The results of detecting amplified DNA
-14-



20 reaction, or the concentrations of the reagents. For exanple, the
anplification reaction may take place either by cycling through aset of

pr edet er mvoad/osaper at ures for exanple, 95C for denat ur aPCarsGo»00260C f or
primer annealing, with or without a 72C extension step. Preferably, the
anplification reaction is conducted isothermally at a constant tenperature
(e.g. 60C). [00771 In accordance with the present invention, the products
of DNA anplification are detected 25 in situ honogeneously by detecting

f I uorses CaRGEtEAFE Liin THRPhhddnBghiist Dlpre D IIPEARENESeIRe vAYRH Isf B4
productﬁ%Detection IS acgievecgusfﬁgmg fIJorophoreetE%t spgg?ﬁléa fb,

f | uor es cdsterpymedthiyrilié flgorasceht etoistibe retlingvdthihthesxpérirasntesbhuiidatedphficainor
SYBR Green, 1, for. ex e, Aternatively, a specifi.c sequence can be
det oot eI - MBI O eior ahen B T Sy e Fue B e ng
t r ansf erfli@fresbérd PrsHRs 8the 5ARORARE HaBHEL b With [rotRR SoBMRIETRPEs ofidi@ereft assa
detection step can be perforned after the Conplete anplification procesys.

| n anot Is&ationgnbodi nent, the detection step can be perforned after

i ndi vidual thermal cycles. In still another enbodinent, the detection step
can lbe {0078 lhiegrefemredigpat all metiods af the presert $nvehtiamarei caniddentrah theelgeick 0MThel he
det ecti of a ified nucleic acids is perforned with a digital canmera

usi ng ejgl?'f’%'laic 4ervifr?1°8ﬂtamsfa'-néh‘? th%ﬁpigle@pnqs Requrs fon dptestng thegyresence of
appr opr i3t eviv@uEhRAHNDN OB a bioRridNéhndfid afdiRedBbakd RESof Rleald1 TR
mavelené?%..The resul ts of detegéing>gﬁil?fiedeDN% -14 %[)6%%035 g%&%ﬁg
PCT/ SCO2ncotisn thes penjemplates shat baeqhaniitat vnpul quabitatisig aieastreraents of DNA can be
pre-anplif}i i Li,he.which is experinental.l determ, ned by the

Pl Gor oockrd S8 Re8LbaA g B FEPnilint. ERFSERBE Gie pisehctota
anphbf i Gatillos anthieelsDNAriA a t&)t banplatindiedss thé At Basbaehickparod ke bagstiime i s
determned wth respect to djfferent = fluorescent probes at the sane assay
station¥ ‘_Fh iEss BpHeBeRdrenbe Heikdathaviesthe fisgrse rasositeddbesyithst at i ons. 10
[0078] donb&sdly &h&hBsRAcd diatachlds AMBERPASNAS intaEs %ﬁgﬁ%diwxsemm 0 stficor
carried out on the device. The Iab-on-a-cﬁlp évite contains all the

i nt egr adeek mwit bavsrithe diseapgiaswdiatasithekewabt i ng t he presence of e.g., viral or
bacterial DNA in a biological sanple and assessing the risk of disease. The
pr esent [0478) Any nombthelSinfeotiventpcterigbort iiat disedsbs e Rhowabi MeerddwhtiGudbid B i ve
measur enent.s .of A can be —used taq assess.the suhject's risk of having a
di sehsedpdly gﬁtﬁ?"%\lﬁh? ?W%Wpﬁcg?r ‘@ﬁ’e@@ RESeRIAnYEntign gpch dispasesnt hr aci s

DNA. i ndateét@ik is20tBtdintd Witk MeAsiedeCinyRIBGhINAS bRESR nEXRARES ot SrthB§ small
bacterium _whjich causes anthrax and may be at risk for having the disease
associ aPes Legenaairg hdisease, AIDS, Hepatitis A, B, and C, tuberculosis plague, and malaria. In

another aspect, the present invention permits the detection of cancer, leukemia, thalassemia,
asthma, allergies, strep or sore throat, food poisoning, near-sightedness in children and adults,

25  Nipah and sexually transmitted diseases.

[0080] The present invention also permits the detection of pharmaceuticals in a test sample.
This aspect of the present invention can be used for e.g. rapid drug screening or for determining
the presence of a drug in a particular tissue, for drug efficacy assessments, for example. Still
another aspect of the present invention provides for the detection of genetically-modified food
30  and for genetic fingerprinting. For example, in applications pertaining to genetically modified
food, the chip will detect the artificially introduced genes in the food by PCR. ‘F or applications
pertaining to the genetic fingerprinting, the chip will analyze DNA sequence variaﬁon between

individual (human, plants, and animals) by PCR.
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Conversely, the absence of Bacillus anthracis DNA in a test sanple

i ndi cates that the subject does not have the di sease associated therew th.
[ 0079] Amwyorvambze9 of i nfectious bacterial or viral di seas@sTrsem/Rirswn or

| ater-identified can be 20 rapidly detected in a test sanple in accordance
with the present invention. Such diseases detectable in accordance with
the present invention include, but are not limted to: anthrax, small pox,
Legionnaire's disease, AIDS, Hepatitis A B, and C, tubercul osis pl ague,

and mal ano@s1] e cai @QbPﬁﬁu@%@@ﬂhldlé RawBAERADE n&dﬁ‘di%@l%dréﬁ‘ tRﬁé Midr§ séaheelevel b
detection of cancer eukem a, thal assemn a, ? gles, strep oy

sore t hr G4isting m0®bn%wnﬁ@mma$ S@h@hgb&mdsng,rplashc hdt anbc&ﬂﬂg,qﬂadti]‘cs 25

Ni pah an d di Se e present inve on al so
pernits ?rﬁéﬁ %?]Iééclgmg r%gv?,ry ﬁl (SfeerL?t QPSSt%rﬁcﬁgg‘%gé@m gquﬁ:ﬁléhogr fg“bect of
t he preseniceisey,@NC QYacEmﬂlgl}ﬁnotb%ﬁﬂné 6F mBtaDfortiHy et s BFfoREM s ﬁfthfoﬁén
determning the Eresence of a drug in a particular tissue, for

ef f i cacy SHESWSES fshas op¢oshasnelppndassay stationsaifbe hpen chepeds amt asszmﬁtzptme]s ean
i nvens i o AreMLfSH Jl@Jed%Q& c%ﬁ%?ﬁfn& 812%?‘[(3 genetical |l y-nodified food 30 and

for genetic fingerprint in applications pertaining to

genetica ec will det ct. the artificially
i nt roducL\dégé gg?g%dllnhenflﬁgs ?ﬂ%‘ac %"“ﬁ%ﬁ D Egee Bkt éfz;’f%iémmﬁéﬁté‘i ] 19@“@0 t he
geneti ¢ Thergligmiblofdbiicafidifis ©Rlytanvdptionaia keZ& cllbie SRAUE BE SR \}\%ﬂbdéﬁg%g’f )9

bet ween i ndividual (human, plants, and ani nal s) by PCR " -15
PCT/ Sc02f188289- Stheopwe1g corpmor krchnelpgias suches amnpmtbmmemqaﬂy wmutk)lh:d KCHE)

ronut e et 409 668, etk el Sl B 3t B DR ELERLRRL R oo

t echni ques such as gla
nmol disng, fabeeationcasti ng, | aser abl ation, ster eoI i t hography photolithography,
LI GA processes, CNC nachini ng phot ocuri ng or metal form ng techniques to

form a cl0g3MDETATIED DESCRIPTIONOE THE B UREYD channel s and assay stati ons.
The open channel s and assay stations can 10 then sealed and closed with

cover fi[0o84)rIn{HIG! €and P82 eddifplds ﬂ:%s%@tufé@ o?g%hﬁag?gr s 168 'ﬂa%ﬁ%gg?mple

typlcallﬁpfroml mcro neter to 1 Therefore bricati s only
an opt i dipid REParatEY axeR|shayvy as ﬁ%‘%ﬁﬁ@c@?%m@ﬁaﬁe@%ﬁ@bﬂme 8fean ehnpdeld. Ot her

Tach i g AL S eRE DL SR e MR, R SenE BOTRG can
al s@0be mgteld céramicld af@lmposm i Bonprovide channels and assay stations, for example, various
standard glass chemical etching techniques can be used on a glass substrate. If utilizing plastic
(with or without metallic powder filling) to provide substrate 36, hot embossing with an
embossing die, plastic injection molding, resin casting, laser ablation, stereolithography
photolithography, LIGA processes, as known in the art, CNC machining photocuring and plastic
25  chemical etching techniques can be used. LIGA processes typically comprise synchrotron
radiation in a resist structure, such as polymethylmethacrylate (PMMA), and exposing the
structure and chemically developing the structure to provide a micro mold based upon pattern of
the resist structure. Metallic powder filling may be utilized in order to provide for improved
conduction of heat, for example, when substrate 36 is comprised of plastic. If utilizing an
30  clastomer substrate, a replication (a type of elastomer casting on a solid microstructured die) and
molding techniques can be used. Additionally, silicon and silicon-based compounds may be
utilized to provide substrate 36. Then substrate 36 may be sealed with the sealing layer 40 (not

shown in top view). If sealed, various configurations of sealing may be provided, such as sealing

a portion of the assay stations 26 only, or sealing assay stations 26 in combination with assay
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[ 0083] DETAI LED DESCRI PTION OF THE FIGURES [0084] In FIG 1 and FIG 2,
exenpl ary mcrostructures of a chip apparatus 100 having a sanple fluid
pr epar at owg oafgxr2shown as constructed on substrate 36. Sulpsursseo®61 can be
made of a suitable material such as glass, plastic, an el astonmer such as
pol y-di net hyl si | oxane (PDV5), 20 nmetal, ceramc or a conposite. To provide
channel s and assay stations, for exanple, various standard glass chem cal
etching techni g:nigbcan be used on a glass substrate. If utilizing plastic
(wi t hSor statiche 24| 28 andpaviiter arklidrlsédo@d niudti ' ot
enbossi ng. Wt embossi ng di e, Pl astic i n'}g{:r??@g%ﬁ?rxgﬁg?(?\él?&gzézgsﬁeéclé‘{setlﬁ"ng,
1

Ikaser abl BiS?) i,nggalyéf @&Wﬁ%?abﬁ@c JmBebseats glaqnlhgls tahd ﬁgapstﬁ@@g@qjlsura?@h.
nown in ioreNG , £i.ng a ast i . chemi cal et chin
Foohni ques Baf ot CxoeR bl BIOUDRY I BT Pufd B hoadiogriencest nginding,

radi at i ohui limied tosthstma hondihpy dectivsatic E@dme%, ggﬁgﬁlﬂﬁgiggf g%{% Séragné Wg@é@, i g gd

exposi ng 1 h@ St rugt rﬁ and cfien‘i cally dev

a mcro SpEgEd ‘Ugﬁ P gaaterAlhsush as glies plaisios plastic pletanren eldstamidrilike polder
filling amyetBasilbichhd 'gﬁ order to provide for inproved conduction of
heat, for exanple, en substrate 36 is conprised of plastic. If utilizing

an 30 el ggpﬁ{ r . ‘| L an t ype .of el astoner casting on a
solid m g?o_st r up(?t ure egfbgsimger?éf mr?oﬁ%gl:in@aaF%%R %&é%o Regprpaisgd gfja self-

Addi t i onbialiyg/seiling e e mehtenidl sudvustaliees, GRSBAMAI 5eITBY1/bEx e/l $85kH R
provi de geué)sé%é(?tie 36h Then %qus rate 36 may be sealed w tK the sea |ngy

| ayer 40 (Hot~® YARGTFHCA AR r@j,gﬁ@nqa*, agday magnefigr and(e chemicabmeatsithmsvald

socl 10 T el YR %R M RO O o s SLEL L one

26 only, or sealing assay Stations I'h"Cco ,
03/ 0852 79Pheatiosab 2 pasizaler Bssay miacton cinaponedtsfo? 4xardSleAel Rkayf dtktidn 2 Gtﬁagfn
| ayer is

second bt . nel 30 and 22 respectively. The sealing

normal ly a {;,)Epg t91 %%%ﬁ?%[&fehsgﬁﬁg% Ve ege% ﬁ%ﬂgﬂé‘? Rarfipiglacembodingents howeer, a

pl ur al i tsglf-hodlirpdealingstypt bbmateriak@ephotdeaniiesy 6 and all the inlets and
outlets, by a bonding process including, but limted to, thermal bonding,

el ect r 0§0e86] Fabonebnof rALes ¥2ioRe e ipg Layer, 40 - can. al so
consi st of .other material sﬁ?uch as pl?da}g%ns-gf%?gp%{rdt%?‘éé‘%é CB"I“g’teg n5d nof be
el ast onEF gt towﬂ‘;mmf@th@q oppizdte 3§ anealiRDldByr 40, M8 Btahplepapértichibissay

oo oy sieseah ok AtEt 40 [ A0 0E COELSRS, L S ST L

heal i ng/ sealing type of nmaterial suc

val ve/ | Faae chn heanadben tpenelingiageroe eitathea FollanHeWonthg O ik 1ayaP9H OF
magnet i Sndﬁggﬁt(?rtr @%m[hcal ms?ns t hat woul d
strate 5o, the particular portions of various elements provided upon/in the substrate

36 and sealing layer 40 are brought together in proper alignment to provide the complete channel
or other structure.

25  [0087] Embodiments of the apparatus 100 may include at least one flow controlling element.
Flow controlling elements include various valves, gates and restrictions that niay be provided at
virtually any part of the apparatus, including channels as well as points of communication, for

example, according to a user’s desire or need for regulating/controlling fluid flow.

[0088] Assay station 26 may comprise at least one component of any number or type/class of
30  assay reaction, the at least one component including, but not limited to, nucleic acids, probes,
primers, antibodies, cells, assaying salts, catalysts, reporters, quenchers, enzymes, proteins,
peptides, drugs, small molecules and fluorophores, for example. Additional examples include a
synthetic molecule(s) from a combinatorial library of molecules, a peptide library a nucleic acid

library or aptamer library. The at least one component of the assay reaction may be disposed
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allow for introduction of a syringe, for exanple, into covered assay
station 26, to provide for the 15 application-of a particul ar assay

reacti on worpposend , for exanple, into assay station 26. Upcn/sSGognesal of
the syringe, the sealing layer will self sea]. In particular enbodi ments
however, a self-healing/sealing type of material may not be utilized.

[ 00861 Fabrication of the assay stations or portions thereof and the

vari ous channels need not be restricted to only one of either substrate 36
or seaal iinty dtdgest otQissdyatatiex@6pliea caripor A iskort ift ol s&aiyrs iRé€luddsabutdnnGitiinigddur es
can be forned on Ehe substrate_ 36 or  sealing |layer_ 40, and aafortion of
channel 813960y O igns. selventg and gelsn Airsand(ar agas BgE alsebe sonsidared s a @arierdipir ng

bondi ng j r 6 r4d r rtij ons
o var  as AR W oD corihehl e HRP A Porkl s BB P or BRILL Y30
ar e br oulyphositiagdohemample) pThe partiaklageareet ortearrierssoi wdiize dmag beplaital whannel

or other_ strugture. 25.100Q871 Enbodinents_of the apparatus 100 may i ncl ude
at !eastdr’(Yﬁ’é Ofc_flt WﬁvéB(Hf“i‘%l’ I%PrrF@‘a’é‘P entr m?ﬁ’%% e SHE SEfIaq ng"?%r}ﬁ?gﬁﬁ 8V§icl ude
var ius aby essersIRk&SaiARE: IESHEN khbwR % i inrmeymlem Mégﬁgn@%omﬁbpéﬁtygléhy

any part of the apparatus, Including channels as as pointso
comuni caprahes ahdipr cedls forsixemplec vy de bguindtogheisarha sddaierof assayrsetion 261by

regul ati ng/,contraqlli luid flow. [00881 Assay station 26 nay conprise at
| east Oﬁg%‘%}{l’@ﬂ@ﬁ“@‘%%ﬁg}’?ﬁ%er or type/class of 30 assay reaction, the
at | east o onent including, but not limte 0o, nucleic acids,

pr obes, lo‘fg@ﬁ&%%@nﬂm%%ﬂga& : pi% ?té‘?nf§§§‘é‘§7iﬂ’§ §%1§F§,’ lséakl’ﬁlr‘%’c ne assBhrt er s,
quenchelsiyioRNZY, Rfore PERESY HSthe sQFRE 1488 40,0 HBRic AP FrheBI]S YL 85pRAGH and/or

fl uorophores, for exanple. Additional” exanples include a synt hgt I C

mol déul @tiser Pr prmarsaeayiedaposited| intoj dael pssay Statiarl 2Acen the substpegit Wandallyoaby a

nucl ei ¢ _ag| 1 br 0 aner | j.br a.The. at |.east e co nt of the
nssay r &quRLgoidREYot TR TR sbliRtk natgid naffee3roe st T e N o

| east omeactss aympdirhi oforrGdding the Saling Biyer 4. SIA@attichias embbdi@@fs, Bk Sealing

I ncl udeia, but i sag‘?t limted t{o, aqueous solutions, solvents and gels. Ar

and/ or 2YGRBANLE eéigpeﬁge (’E‘Eﬁf?ﬁ’@@r@@s%’é’ Sﬁ‘“&’é???’é‘ﬁ"f%@? podireps theistationt  at
| east. oRgGRFRONED be dRf. CORRE Qn@él_cﬁléﬁﬁé%%véﬁx%%alﬁ{ga&&é}Wo%gdéé@ﬁrﬁ& it ! nk

jet deposition, for exanple). parti'cul ar carrier - or carriers-s
ut i B9 zedummng diche dsspy.ela the cire whiré @ eqif-bédflinpipeadingpayeats wilized,ghe probhegiprémers

Force ant trdbludter el Sanfn oS BN SR 8% e ar T east “one
? (r)ltrrg(r) 2 g ?@fﬂgﬂf #ﬁg gmgf?ic %élg sgértaeggfoo ! a%xgrl)lbfpdfigcrlut?e)é?br{ﬁ lise ﬁothrXite%eto ?)%X ch)r %U%At he
~ fragments, cDNA, nucleic acid primers and/or probes conventionally obtained by the skilled
artisan using standard methods. For example, a DNA fragment useful in accordance with the
25  invention can be pre-fabricated in a commercial DNA synthesizer. The assay stations may be air

dried in accordance with the teachings of the present invention. Drying may be carried out at
room temperature at ambient atmospheric pressure. Depending upon the number of assay
stations, drying may take from about 10 minutes to about 5 hours. Preferably, the assay stations

are dried in about two hours.

30 . [0091] Preferably, both the substrate 36 and the sealing layer 40 have hydrophilic surfaces to
enhance the liguid flow by capillary force. A typical hydrophilic substrate 36 is glass. A
normally hydrophobic substance such as a plastic can be treated to transform the substance into a
hydrophilic substance by treating the plastic with diluted hydrofluoric acid or sulfuric acid.
Another way to alter the surface properties of a hydrophobic substance , céntemplated by the
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coval ent bonds and/or absorptien. [0089) In the instance that an
*anplification reaction, such as PCR, is to be run in the assay stations
26, bef orwolamshiag of the sealing |ayer 40, a nucleic aci ecirsageorsit o be
anplified and/or 15 prinmer or priners my be deposited into each assay
station 26 on the substrate 36 manually or by a liquid dispensing robot.
The assay station 26 is then dried to drive off the carrier of the
reaction conponent before adding the sealing layer 40. In particular-
enbogi Mafesitios, NEbp el @hydrepialic mejynxe salitien, dyél arding hsudastinido 8fc assay
station 26 and i n sone enmbodi ments the station may not need to be dry.
Ct her ehfpdudphebic subsiapch s\e PMasiicseal i ng | ayer 40 added during the 20 running
of the assay. In the case where a self-healing/sealing,layer i tilized,
the pr olpe092pFomexanplemlosb of siill duithgfareare famibipr Withpiagh V@‘BOWS@?th‘qusefgr with

sample fluid 56..J.0090). The nucleic | I : LWhiagk 1 ncl udes,
but is HEEIYOLERNE S S’é’?‘qﬁﬂi&ﬁyfg}lgé%g Féaé[ ?%%P{lﬁﬂéﬁg?@%g?{éﬁ%ﬂ mers
and/ or gﬁ@eﬂﬁﬁoﬁé? RY@NsipRala tieatiin® desdbativest fe'exatgple] Ad anarsnplanglass miich is

st andar thods. For "exanple, a DNAfr;’glthEﬂt useful | cctﬁr dance with the
25 i1V e igpicalycnrastsripedeasthaping dudesmhilic syrigensnpy: Paireipgas t%‘t ESVIHF OTThe
assay statijons e ajr. | ' (of 1 Mt thRaGhiase eflidde
present pPﬁVélﬁtofgggur%;flﬁﬁsgm?rt%/d %girdé%ro}%?ce‘gmg%%?%lw rsggltrlnﬂtgaé nperat ure_ at

anbi ent (@b hGhR ed/stp@tioBegfahe apgratpo h0Q hewingraéulagchargetaystics(siichons,

drying may take from about 10 m. nutes tqQ abou our.s. Pref |
asgaygstaa%ieﬁi% Chaﬂ@te&ﬁ‘i“édfof ﬁxaé%%}( mt%mamfﬁé‘f 1&’3%6 Feﬁg@ﬁs ?—ﬂtg? §{re§ t%’?ve%’gg?f
the subgtrad tofﬁmgﬁg laﬁ?ﬁga?&@é tRgighAvelccddinay e tpﬁx\fféﬁﬁ@héelr’is(})r%fehw €Fhd 0

I qui 0

enhance ™t R y capillrary force.” A typical hydrophilic. substrate
36 i1s glsasacesAf theoraniahd shahyals aphassianssiohexample maaydwve yaRoys postions Gem be

treated to transform:t subst.ance, i.fit Q. ) il :

L oat | ngUEHEG PELOE DIV B R SHTreeE BE oy oBbfiRkBRaRaR,

Anot her q\wayeek 9, 8tdeflo frb@ds b aésea aptagaidnt ef swefacackyatapiiobi ¢ subst ance
contenplated by the -18 WO 03/035229 PCT/ S&2/00251 5 invention, is by
addi ng go4b4q @RAALE SudhOk YIEI0 SR 30Lh TG, Ofor Byanasielinay be durdiatlyantetd byt he
hydr ophobi'c’subst ance, e.g., plastic. [0092] For exanple, thﬂse f skill in
the art hdeffuari (HE) ack pha mwslw@rfpb@@w,ﬁlée@aﬁ%lfm& PRRqtl PAZTAPIY PHiE
surfaces, .pariicuyl ar]. .f ace . do b ZEdedsd inftd § Ry di C
applzpca?if’%g’@f’é @ﬁ%{ﬁ%gg%ﬁ?gsélfeng%??%%?’%ﬁ%gﬁoért&éegg]?‘%\Sgalsr, for S.exfa | e. Ag an
exanpl e ,préiﬂaﬁﬁismix\wtie(bﬁ abait 70% sulfuric acid and about 30% aqueous solution of hydrogen

peroxide (about 30% H,0,) at about 100°C for about 10 min. The slides are then rinsed

thoroughly by running tap water over them several times followed by deionised water,

respectively. During this step, the slide is checked for total wetting achieved on every part of the
25  slide, for example, and that there are no remaining hydrophobic patches. Of course, a portion or

portions of the slide may not be treated if a user desires not to alter the surface characteristics at

those area/areas. In the above example, hydrophilic glass surfaces are obtained.

[0094] In an exemplary method to obtain hydrophilic surface on plastic substrates, for example,
poly(methy! methyacrylate) (PMMA), polycarbonate, polyimide, polypropylene, polyethylene
30 etc, hydrophilic materials can be used to treat the plastic surfaces. The hydrophilic materials
include poly(ethylene imine) (PEID), poly(vinyl alcohol), polyacrylate etc as known in the art. By
coating or brushing a PEI solution, for example, and then drying in an oven for 0.5 to 1 hour, the

previously hydrophobic plastic substrates are now provided with hydrophilic surfaces
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10 typically characterized as having hydrophilic surfaces, may be treated
so that the surface or portions of its surface has instead hydrophobic
char act erwetmmss226uch treatnents may be utilized to provipda/Ssoparat us
and/ or portions of the apparatus 100 having particul ar characteristics
(such as wetting characteristics, for exanple) in accordance with the
teachi ngs of the present invention, in order to provide an apparatus
configured according to a particular user's preference. The 15 surfaces of
t he yar i[oass] dlvastisih hyarghstiatirios in Elanneboarpld e, panteyf chawnel 24 theofoHopdigd stops
(i.e. substrate, sealing |ayer) having either wholly, differentially or in
any contsréseflon, treated surfaces in order to provi de a desired
arrangenent of surface characteristics. }0093] Channel s such as 22, 20 and

30 :j n FI[@96] Quse t@mdpc][l@an shégs ayes’@minnda om;zeéwtﬁednbveadyyﬁr @fel PRefore YSHED,
e ng " S REPEIEI R wiS PR Bl b AR DR el R ot EREEEEIY e

are i Mghsadleh BéMe gra‘cﬁﬁshé}hénﬂ&a@me @sedYthel dHed a0 cRERNEH ﬂa@%afﬁ WhrEAdel reXuttieand
about 30% aqueous sol ution of hydrogen peroxide (about 30% H202) at about

1000€ f sadiatpdby UM Oxiopidatipmefos lab@ésl hirte ramyese the lesieinces plorostaghingntygnd unni ng
t t
b pect riyEsll ASEBIUThAor R ANRY nBARS, BCHSIYBEfes"BidH g 1ong gllon,

achi evedmﬂbresdﬁrnys pach asdctddeeyl@hRirosilane {@TS e fkarerieplepmd pdpatedtfreshby aﬁrtbe no
rophobi c patches. O tion_or _portions of the

remai ni ur [
slide maa% orfa‘tyagagt 147 sensgnirgtioq 1y §é1m9§§% ?‘ﬁ%@‘t’rf'o% ?ieéa%ﬁ feradaransstif £ dhege are
charact gfe,hhsd 8t spr J{l‘gﬁﬁto%@@érﬁﬁﬁgél L rdfhsFHOMULing %@Iwoﬁt 1306 EER B doofn

gl ass surfaces are o ned 0094 In an “exenpl ary netho to obtain
hy dit ®phidnierauref firexample! é?éhmoxsmglibtowmhemlcaﬂ aeryajearnbyrest, syshlag B6E-A Y00

ool yot ngRey ¥b B toeunf SolGRl e PR RoB R 1 Bl e it

pl ast i Cn&dékdadf 85 thd igishig coRE lides Frbedirad & dnBlet deatipet $U Rtdbphermectbne)
(PEl), pol y%w nyl _al cohol), po]yacrylate etc as known in the art

coat i ng2bnut BP gki Agus rptsmedhydrpriplic fedass banshipideophahig sprages dir W?@gglﬁﬁ¥a¥? oven

for 0.5 Q/dje h%ﬁ R lof YlaftY Skdim oL o‘&lzzﬂg B 194 Fh1OW
provi de O W I‘Opﬁﬁcl) cosura?gces fMlgrrV\D 8%%%5 2 %%T?’gé%lﬁ%%%i S?T 0095]
To obt amfma}luenpgewaxzesxhaﬂaaeastlcaofhalﬂrsalatGZZ and a part of channel 24, the
follow ng steps are used. [0096] Once treated, clean slides are stored in
dei oni zfpH9TRTest samplel infee2 iy tésd sarnisle (e.Bewhole blowdhg,conticved tapiealtyypi cal | y
dried i Berggnd?é/u anr t(?)tthéjl pr% sur%e o? sub%%rerlrcg hmexcr:hethgtr t%gtssgxrn%lefiglret 3 ?songidl%éﬁy hrs. 1f

coupled to sample preparation chamber 6 through channel 5. Buffer inlet 4 is also connected

typically perpendicular to the upper surface of substrate 36, and such that buffer inlet 4 is

25  fluidically coupled to sample preparation chamber 6 through channel 7. Sample preparation
chamber 6 is sealed at least partially on its lower surface by sintered glass block 31, to which
absorbent 5 and/or a vacuum suction means such as a vacuum pump is applied to extract a
mixture of e.g. whole blood sample, lysing buffer and washing buffer through the sintered glass
block 31.

30  [0098] The block of sintered glass powder 31, which is inserted into sample preparation chamber
6, is also called porous glass. The typical size of a pore ranges from about 1 micro meter to
about 500 micro meter. The sintered glass block 31 occupies the lower portion of the sample
preparation chamber 6 and typically is rigidly fixed inside the chamber 6 by a slight size
difference; that is, the size of the glass block 31 is slightly larger than the size of the sample
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and when sone precursor chem cals are used, the dried and cl eansed materi al
surfaces are further 10 radi ated by UV-03 oxidation for about 1 hr to
renove thwoloa®sszey aces of contami nants and inprove self 2EISG0L/eERs1

nonol ayers (SAMs) quality. Precursor nolecules (such as |Iong al kyl

trichl orosilanes, such as octadecyltrichlorosilane (OIS), for exanple) are
prepared freshly at the ratio of about 10% concentration in a suitable
sol vent, e.g. Hexane, Hexadecane etc. These are then brushed or sprayed

i nto £ heprpatatibm cleasbag e d\it @lhedns sifbotanedtantiso Barusad Rutix e w2Rs Blobk 31 ifH@M 15
exanpl e. Wien using fluorochem cal acrylate polyner, such

tenperature, for

as EGC 1#@@m9§dgewatmchpn@%@ati ng solution is prepared freshly with
about a 1.5% acetic acid and it is necessary for the finishing coated
slides. [999kAcaewemaar ligwidahsarpsion b dhg abserbent B boereatddO@efrenth thiglaks Bdclai n.

Th t h hili I .. and d hobi f I
ares brovt Ty RAEAR i Ferhiy AP bin oY LR bRt s R Rhe siess Blookise of
or di nar yElikibh buffer ik get€d titd sdn@ile plehSatifgcifiMbes 6 ERRh duter f)él’éﬁ?t%s gfto _
substrate. [003{3 Test sanple inlet 2 for test sanple (e.g.” whole 005) S
conn¥ct eglatsylockal ] gnd mglengss ikn PYXamolesulehomphesurfge phibe gtiss blobls 81.atTbe bhe

h th olket 2:is f| widicall Led t . arat i
chanber 8 Sl SAERHERENS by bt ettt e, e SRR B uBBR = Bplea 1y
per pendi mupaatidmchahtbetiGpSo, therefors; ehodlutiobfaicondfhs DM nfolkilds hathiPhh er

inlet 4- is 25 fluidically coupled to sanple preparation chanber 6 through
channel AI!?‘.” %g?ﬁﬂlh 5A%F59dR Perdorapthersubsenyens & agfton|agg dkuoreaeent detegticon

| ts | oweds qIPERGRoMIE BhTbSidid ) B8 S1ubloABlrilat thi0wiMy ch absorbent 5 and/or

a vacuum suction nmeans such as a vacuumpunp is applied to extract a

m xture g ; i r_can shi buf f e

U cidgh (PR Pin BO8E cpeBdthelr My s ot Bos s ke o AP o R PPt bl i s
powder 3gse astls.chnstesd) the eclisede lysedutilinipg keapr Thacels ngly teheabeto a Bisidgs al so
cal | ed porous i cal .size of a _pore ranges_ fromabout 1 mcro

| ass. 'Lge Lypi J
neter t em%‘ffﬁ%‘?e %gbﬂﬁ ?Btﬂ?(r& wmplerprepaptincliantsr 6 o5 Mgy be Romincisddntpitee t he
| over  pokdalyGutivhs elys@MBeR. IRhPRATALH %w&lﬁ{ég? f%frﬁnﬁﬂﬂe héfa:e%g%h :tésﬂn}')et? ki dley

fixed inside the chanber 6 by a slight size erence, e siz
of the §rrsesmaybelembedded iniq eaek pssay statien 2¢ imerdete psifpen oidivitenl dwmmphle - 20 WO

03/ 035229, 1RG4 2 p lon c er .6. . An_adhesi ve substance can
al so be gcs e gr t o%ﬁz‘é(sg%e g §g g&bf%r@im%fr E%qbgéay Bepplsou ?‘gt%pq'vé]ﬁcg?fﬁtaino n
chanber afount of elution buffer in order to increase the concentration of a solute, for example DNA, in
a sample fluid. This evaporative step may be conducted at the 'sample preparation area 78 or at
individual assay stations 26, for example, wherein the sealing layer 40, may‘be gas permeable

but not liquid permeable, for example.

25 [00101] In another embodiment, various electrochemical sensors and electrical and electronic
sensors may be embedded into each assay station 26. Utilizing this embodiment; a user is
provided electrochemical-based detection/data as a result of assays run within said assay station.
The data may be in the form of changes of electrical conductance, resistance and other indicators

typical to experiments utilizing electrochemical detection, as known to those in the art.

30 [060102] The apparatus and methods provided by the present invention are useful for a number
of various assays/reactions. For example, all of the required enzymes, fluorescent dye,
deoxyribonucleotide triphosphates ANTPs, detergents, and other chemicals and buffers can be
added into sample preparation chamber 6 through buffer inlet 4. If required to enhance the

elution efficiency, vibrating actuator 34 can be applied to oscillate, typically vertically, to press
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'[0099] A vacuum or liquid absorption by the absorbent 5, is created
underneath the glass block 31 thereby extracting the sanple, washing
buf f er armaolog®Birge buf fer through the gl ass bl ock 31. El utPcarsGogbdsr i s
injected into sanple preparation chanber 6. Elution buffer penetrates into
the 1o glass block 31 and rel eases the DNA nol ecul es fromthe surface of
the glass block 31. Then, the DNA nolecules diffuse (or by flow

circulati ong@i nto the elution buffer contained in sanple preparation
chanbér @iapBagm 4% therdymgitatiag the whuition bbfféf i thecanipld prepiiformohachdr&oallotxhi S
time. Also her . chem cals required t erformthe subsequent PCR
react i on "RHyP Auglroéeglfgﬁfo BY%@F%EH%S t(’318‘1"1‘: ? hg"é‘@ﬁ?rg}ﬂ%ﬁlﬁ@?n buffer dhichyersypies t he
el ution bififleprephratibh Shathp&-6. 15 [00100] I n anot her enbodi ment, there is no
need for the use of or addition of a lysing buffer to |yse cells. Instead,

t he cell | iLLzZ] . l.s. . heated to..a |ysi
t ompor at 100305, (Y BEH, Rl 6B an I Sl e lRA 46 SR Brer P g o
conduct ethrough@ithbethraghayst ssraple driet 2ondlusyeBovidhbier ihdt Aclodd, bealteRhatively

enmbodi mept , m. ni atur.e heater d tenperature sensor may be enbedded into
each s s B AEY SHOBE gt & aierbulle: plst fl GTANGICPPRtact B BmikERILADiSdylsdinih at

each assghtiGBuRe ! TROAuia Wk S8 L &ion Wker Wmﬁﬁlggh?g ﬁ:léégéd Ibﬁ%[q}xél?c $é %?151 :t €

an ampunt of elution buffer in order to I ncrea e conce ron
sol ute, ¢asesexamplasy DA, controlliag skneht hfdropbobid halse 8)viappedpensitiiigagutidy be

conduct e t .the sanmpl e. preparat.ion area .78 or a i ndi vi dyal assa

stat | onsgg%,r 9 %Iﬁere%g;g‘ﬁ‘f ; y\ﬁ‘fﬁ?}éff??nf%’é °§é‘37"inﬁg§a‘in§ffesf’i‘ﬁ’8‘} aﬂﬁgﬂowé)rgag%(ng fluid,

per meabl wherbtie di@fior hiiftirdilRehamBR!1e, TR va®e PnSilsodR JM e thit Q)?%:ﬁ?erd
e

enbodi ment, various el ectrochemi cal sensors and el ectrical "and e ronic
sensbY s biayprions ethseagars sush as mgeheniesk slpcical; posunmgic opmaghetion ghttthisgime, the

osul t | of uorto R Es drévedl ATl il 30 RGBSR 8 M EREM R P Bl Fckelil

. form of attiwregiencf toehain tiguiiadistabmitnahanet 20, Prividianfisidaas bohéRsvednghmat or s

typi cal th{o égfgeri rTgntsl utili zsimng el ectrochem cal detection, as known to

t hose i nHE? §PFVenseng (5‘(’?1’13’21?6 h 33, BESSUGING et hods provi ded by t he

pr esent [ig}ve%#olgé aE}e usef ul fog a nunber of various assays/reactions. For
exanpl e, [04194] JBeioprthe byfer wrhamberidlovs e teasanstatigns, chagbexl ¢asoischeot | de

tri phosnRal s kNGRS wi et &J}‘ﬁ{?ﬁ fer n, be
added into sanple p‘rvtla%:é]’g?i on (g%g%g?ﬂggtgﬁfrfoug ggk?ted;ﬂgn gg[r 12@13??%’ goqui red
to enharreatrelibe velumeiafibuss flewimgoy; ofichbméti Ibyptopat dioicd4f galnmefahphbad t o
oscill atl%; (tQX b ?eﬂilrx YuliE! 1‘0'1' %glli(l)&/ of t;[n(l)e R1€5Re D%\JlA Yi\lls)mq:)%4181? ﬁgn%gge?%/b% org /tl?eo 251

buffer flows out of chamber 12; and (3) to increase DNA concentration, as mentioned

previously, in the chamber 12 by evaporating a portion of the water in buffer. The resulting
25  higher concentration of DNA in buffer flowing to assay stations 26 increases the DNA detection

sensitivity and specificity.

[00105] In one embodiment, chamber 16 is provided for the introduction of flow promoting
fluid (FPF), released through diffusion channels 14 to chamber 12. Suitable flow promoting
chemicals include, but are not limited to, heparin, sodium dodecyl sulfate (SDS), cetyltrimethyl
30  bromide (CTAB), Triton-X, Tween 20, NP-40 and any other surfactant that does not inhibit
subsequent DNA amplification and detection chemistry, and does not fluoresce under detection
light excitation. Upon diffusion of FPF into chamber 12, a concentration gradient of may be

established in chamber 12.
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5 di aphragm 48, thereby agitating the elution buffer in the sanple
preparation chanber 6 to allow nore DNA nol ecules to | eave the glass bl ock
31 and enwero3be2®l uti on buffer which occupies sanple pregarssoe/omnschanber
6. [00103] A fluid, for exanple a gas or an oil, nay be injected into

sanpl e preparation chanber 6 through either through test sanple inlet 2
exclusively with buffer inlet 4 closed, or alternatively 1 o through test
sanple inlet 2 with buffer inlet 4 remaining open to act as vent until it
is fiPled0h00h InppgichisnembedimentsTome drindird nain spaplée Heidadhuatiied 00 buiically

cont rol| Y S e R bl anOBi bt StyoBel 10,V BSR R s ebign aiat dst
buf f er t enefitsesshybtatioréHanadll 28 @ri@étﬂeaﬁi'@}ﬁt&%afyfs%iom%@ @&tﬁ@%@%ﬁcﬁm ution and
S .

flow pronoting fluid, where t he el ution buffer fil chanber The val ve
8 can al §endsairaiopfF8F iy the DNAt containpe seanel f1ufl toychean critisal ddvek tiquidanatiggch

as nmechankgal I ¥ ] ngumati ¢, on neti.c.. At this tinme, the

i utt on Bhep s FAd LERne RPBLTR e hg B e hsrmaniotsy gubopiiasrethe
val veo 18 buffatto flswl thragk the walve Ifr@RChaR® 10an@Bhdin khfple drust Sl Uhi Bikther
channel éo. .Provi dl‘{}]g fluid can be achi eved again through conventiona ,

t echni qué8WdRieatrsdnyauengse shanmeh30, figts 2eray sBtipo channkhl2§ehd assay statidaiterinl 2

fl ows oufy; | . sQ be 0 used for the

Fol | oui e o aaasnihd do S calt g By kol y BB e dipotiied §7 R EHaRina st hat
is, to wowesth¢ lighd fuwlandeSwth saufbhéeendidroivigegeraill adfhe CbAERIGEgidZ b&WeRh BRET
choi ce of vol yne of chapher . 12). (2) retain buffer for period of tine
to |et t?f‘énp?i\ﬂ‘?‘ i2od fhasgh c?Hrfﬁ“c?rf%fé’%‘f%wé&gaéﬂ%ﬁ@ ftace Bfl‘f}faéﬁelﬁg%v@, ytandf
chanber dsday aditbnk 35). L With 16 £RE G DAL ' ~ '

previ ousl ya,ly I n tnhe )cha;rber 12 by eva%g?lgtq?éhgg&?cggk;ntsﬁgﬁyg)weh%e%%\g\%‘%hetro GaRse
buf f er. thpeamppls fipid teglomsthsougheral weol$cad maveiforthafintoA dilrer bhfdfrels ahtl @viagg t 0

assay stﬁqatioggs 26 increases the DNA detection sensitivity and specificity.
[ 00105] 1'n one enbodi nent, chanber 16 is provided for the introduction of

fl d f.| u,d (FP I dth di f.fusi h ls 14 t
chanbor DBOTEIDRER b depilaby pieS R RO e et Fengels g D28 andesser i t ed
to, hepastitions 36 aiewiicdagreydd mahgn@ﬂ&isaﬁbug}c&twalsi bhdREON 2538 a{a&ga'l 99

(CTAB), Triton-X, Tween 20, NP-40 and any other surfactant that does’ not ,
i nhid8i ¢ Wiighae talbyesupled ite the@ssaystptiant2 @andsscorshmoiiepirgoseycharenets 2as  not

{1 U0 €S gy URSIREIIRL §61i50Rd dbgaBkSHE Blcofl dj.f fusion of EPE into
chanber 12, a concentr g@or? ga?adal eﬁ%hé)?écﬁgl% fgléé%%gg% efllﬁls'fngﬂlgghﬁl% "E%gﬂ?ﬂéer 12.
-22 that all of the assay stations 26 become filled with the sample fluid, the volume capacity of

chamber 12 is designed to be at least equal to or greater than the combined volume of the

channels 20, 30, 28 and assay stations 26.

25  [00108] To prevent the sample fluid from flowing into second multi-purpose channel 22, the

following measures can be used: (1) Valves can be installed inside the second assay channel 24.
Such valves can be actuated by actuating means such as mechanical, pneumatic or
electromagnetic; (2) a porous material can be installed inside at least one second assay channel
24 to block the flow of sample fluid but allow air té vent into second multi-purpose channel 22;

30 (3) alayer of hydrophobic material may coat at least a portion of the second assay channel 24 to
block the flow of sample fluid but allow air to vent into second multi-purpose channel 22; the
hydrophobic material typically can include, but is not limited to, poly (styrene-butadiene-
styrene) (SBS), poly(methyl methyacrylate) (PMMA), polycarbonate, polyimide, polypropylene,
OTS, fluorochemical acrylate polymer (such as EGC-1700 made by 3M) or epoxy resin. For

35  example, SBS can be dissolved in an organic solvent to form a solution, which can be cast onto a
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WO 03/ 035229 PCT/ S&2/00251 5 [00106] In particul ar enbodi nents, one or
nore main sanple fluid channel 20 is fluidically coupled to at |east one
first nulwoD-opesjzese channel 30 which is in comuni cation WCTIsGar/o026ast one
first assay station channel 28, and at |east one assay station 26. As the
chem cal concentration of FPF in the DNA containing sanple fluid reaches a
critical level, liquid wetting of the sanple fluid over the surface of
hydr ophobi c val ve 18 becomes | arge enough to cause the 1 o buffer to flow

t hrough glass Qraﬂa,s@c iM&%dwbﬂam@wy 1121n |ﬁimd>ynlaymgs Eppiyerebinwhn be Haculyl drapysk.d
further

q,firste nult t t at
channel E%to% aSEI o} Séll)?rsz]f%%géﬁ |§O Eh’[‘ﬂ 8@ ﬂ%{d gur’cn%;sr P%Ta}g? Q‘{)gﬁlﬁ’s ed
by capi | hpdryphobRSiHate8aldQR8 hateas R séébﬁﬁ%ﬁﬁh?‘ﬁ%&@&ha%ém soTRM6e éagrgﬂé hﬁﬂi d
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25  [00111] Digital camera 32 detects when all the assay stations 26 are filled by sample fluid . The
digital camera may be a camera with a charge-coupled device (CCD) sensing element and all
possible types of suitable optics for acquiring images. An optical filter is posttioned in front of
the sensing element of the camera, so that only light of specific wavelengths emitted from the

liquid in assay stations 26 is allowed to pass through the filter and reach the sensing element (td

30  be detected by the camera).

[00112] At the time that all the assay stations 26 are filled, isolation medium 54 may be
introduced through selected combinations of inlets 42, 44, 46, and 21, for example, which are
fluidically coupled to first and second multi-purpose channel 30 and 22 respectively, for

example, by any of the following non-comprehensive list of means: electro-osmosis pumping,
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OrS, fluorochem cal acrylate polynmer (such as EGC-1700 made by 3M or epoxy
resin. For 35 exanple, SBS can be dissolved in an organic solvent to forma
sol uti on,watiBobs2ean be cast onto a -23 WO 03/035229 PCT/ 8CIAGO02®RE1 5 gl ass
or plastic surface to obtain a very thin filmby drying. Epoxy resin can be
directly dropped onto glass or plastic surfaces to forma thin film by
ultra-violet (UV) curing or heating; (4) The hydrophobic naterial coats at
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freshly c;/%l th %%ggfcﬁla%%% a%e%efgg%lc‘::?’gﬂ] %%Tgﬁ?f %‘e]gﬁeﬁ?ﬂ ec ql(:qéléc{lgﬁa%qagggege %ﬂdg‘ts

p[) efer abie;ivaiwe@d\ﬁoi-paﬂaﬂponiﬁs or ultarviebea iV eor \g’:ﬁblabi(ght m\,ﬁﬂ)lé p?llgrhﬁﬁ liqdidQ&d het-
about 30 min., 25 [001111 Digital camera 3 etects en all the assa

stati ons}neg%mg?ega]fsi (chéés ﬁﬁ?sg g%‘iailyf“l“ﬁ?ﬁfmﬂi‘ée SIS ofPF Sranyiee erlr"rl?ﬁSﬁ?iﬁélPé?%E aner a
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of suitable optics for acquiring images. An opticCa i'lter 1s positioned in
frorf ofPebidiaetiglsioxpge A elagfomencasatbasapthes silichag elavibmer anghtquad siigeei f i ¢
wavel engths S tdedof o8 Layi.d. 1 : at i.on is gllowed to
pass th?)ough the 11 gt gr ar?zl ?rggélﬁ%%erh%eﬁiﬁlggergﬁgaenn%’ﬁfff(f‘gegr% e detected
by the ‘E@(fﬁﬁfl)Exemplary ultra-violet (UV) curable isolation medium 54 such as polyacrylate and its

derivatives, polyurethane precursors and its derivatives may also be utilized. The UV or other
appropriate radiation sources include a UV lamp that is focused onto multipurpose channel 22
25  and/or 30, for example, by a lens or lenses; a UV lamp illuminating onto multipurpose channel
22 and/or 30 areas that remain exposed after application of a mask having appropriaté cut-out
portions which provide multipurpose channel 22 and/or 30 areas exposed to UV, for example.
Additionally, a localized irradiation source that may be directed onto isolation-medium 54

containing multipurpose chamnels 22 and/or 30 may also include a localized UV source such as

30  fiber optics.

[00115] Additional exemplary isolation medium 54 may also comprise any adhesive which
solidifies as a result of solvent evaporation, for example. When utilizing such isolation medium

54, provisions, such as appropriate venting holes and/or slots, in sealing layer 40 and/or substrate
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[00112] At the time that all the assay stations 26 are filled, isolation
medi um 54 maybe introduced through sel ected conbinations of inlets 42, 44,
46, and 2vp oBmss2exanpl e, which are fluidically coupl ed techiseor/o@id second
mul ti - purpose channel 30 and 22 respectively, for exanple, by any of the
fol |l ow ng non-conprehensive |ist of means: el ectro-osnosis punping, -24 WO
03/ 035229 PCT/ S&02/ 00251 5 positive pressurization (such as injection with
a syringe), capillary flow, electrowetting, thernocapillary flow and/or
vacugm swstbeastovided. eTixodtntieghelewhel/er dots erlyibegrdvadeerin 4€aling layer 40 preay ok d
over the multi pur pose channel s, i sol at| on nmedi um may be deposited by

cast i ng cayei/the muitgmEase c ﬂé’rf@F?P@amP f-or exanpl e, which would purge sanple
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in exp rapplication of a nas avi ng appropriate cut-out
portl ong7 witydie qepositederiamobbtiq) maposieandhging dispRdsizg s, SGmameas thexposed to
uv, for exa Additionally, a localized irradiation source that nmay be

| e.
di r ect e8GR lq?%'i‘}fsatl on- nedi um 54

[00118] In still other embodiments, the multipurpose channels may have, instead of oil/wax-

like—type isolation medium 54, ambient air or saturated humid air, or any other humidity

25  saturated vapor, introduced and disposed therein after conduction of sample fluid 56 into the
assay stations, to minimize evaporation from assay stations. Ambient air or saturated humid air,
or any other humidity saturated vapor may be utilized to purge sample fluid 56 from first

multipurpose channel 30.

[00119] Additionally and in further embodiments, the chip 100 may be subjected to pressure
30  above atmospheric pressure when placed inside an enclosure 514, such as a molecular analyzer,
during analysis such that the evaporative temperature of sample fluid 56 is raised in order to

minimize sample fluid evaporation from assays stations.

[00120] In this embodiment the DNA or other chemicals in the sample fluid contained in each

assay station 26 are isolated within the domain of the assay stations 26 and the first assay station
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contai ning nul ti purpose channels 22 and/or 30 may al so include a | ocalized
WV source such as 30 fiber optics. [001151 Additional exenplary isolation
medi um 54woap/0ad230 conpri se any adhesi ve which solidifiescascazoresult of
sol vent evaporation, for exanple. Wen utilizing such isolation nmedium 54,
provi sions, such as appropriate venting holes and/or slots, in sealing

| ayer 40 and/or substrate -25 WO 03/035229 PCT/ SG2/ 00251 5 nay be

provi ded. The venting holes and/or slots may be provided in sealing |ayer
40 ar ®aschanael 2&andeecortdmssayl chanmet pésetiaharIBNA, orfoter eheMIpdle do hOEESe to an

| sol ation,.ned ferabIX, substantially immscible with water
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hot el tasaddve®losendsistpositiveRRbidiatibh Bk a ! deposi t ed
to and seal al] of tﬁ% nﬁ?grfacég beYJQQﬁRthhggﬁygﬁﬁ%ﬁgﬁégﬁ %‘é and
fluids (‘BeErpcapillagiilews of vasuamsgcti@. and/ or i sol ati on medi um 54) in
mul ti purpose channels 22 and 30. Qther sealing structures, such as caps,
| i ds and00B N eddditimnally, sovdsking siep inraycbetaddsé &l ordéif todiach hwaphtdeaspbeé [RdBge@nd
it is png&&%%ghg)atha. solidifiable .e&}%Pt gﬂﬁghd t he_caps, lids, and
val ves CaRPERHHCA arefaiapPeh anqRsSregig hinding beled probe grotberpmmantel

and/ or _{cbe:tioh RempoRets ok (Kbl WS RiiBnd 261 B Y UTROLd il Ll lfbhayl d T
t he assay stations and supgr esses the generation of° vapor and during tl§’CR
for 10 &¥saeinea probedmarkpr wolseyles are ghzedhahich akestropklydeund tocthe wattredl surface

t enper a | ¢ difi.a nt 7 may he deposi vi.a robotic,
ranual - Sadoay panon 28 fob i, 3nd 886 30y o e PRcoliranTRRe BN B el
[00115] that is¢fiihierest.nEporethbedinpletivs of theeissiy|rbadpidh PO EShEIRANGE LempRYedAVE,

i nst ead . of doi I/ wax- Li kb?ﬁ{?ﬁ)e i sol ati on medium 54, anbient air or saturated
huni d_aifFrogFogRVabHg Vift YAFUSR o prefsuice fpr ¢aarmple) infe the sdienirpons

di sposedhdnnelsind addaly@tatieR AAWEHANRAs Ak pRATIIIGH bddr b RO a%&%#oggqec oY

stations, to mnimze evaporation fromassay stations. arr or
sat 89 at P pRiFNEs ofithe assgy reaghjonotThermarkerspirobes sttt aredtonnd tedssay chaybee26t i | i zed

L0 pur 9g, $RePléndih Bbiind fnd 42 lMefniarsssatyed for the presence or absence of the molecule of

mterest bound to the marker/probe.

{00122] Each assay station 26 may contain a fluorescent dye. Digital camera 32 captures both
white light and/ or the fluorescent emission images from fluorescent dye. In the case where the

25  chambers, channels, and assay stations, i.e., fluid compartments and channels, are not embedded
underneath the surface of the substrate 36, and are otherwise exposed to the environment, a
sealing layer 40 may be applied to the upper surfaces of all of the fluid compartments and
channels 20, 30, 28 and assay stations 26. The sealing layer 40 should be bonded to the substrate
36 preferably before the test sample is added to the sample preparation chamber 6. The sealing

30 layer 40 may not applied to sample preparation chamber 6, and the mouths of the inlets 2,4 and
21,42, 44, 46. The sealing layer 40 can be omitted from the upper surface of channels 24 and/or
22 depending upon the particular assay protocol utilized and the temperatures associated
therewith. Sealing layer 40 may in particular embodiments seal off the channels and assay
stations from the environment, enhance the capillary flow, and enable the liquid flow by

35  injection or vacuum. The sealing layer 40 is normally a plastic film that seals the channels and
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mul ti purpose channel 30. [001191 Additionally and in further enbodi nents,
the chip 100 may be subjected to pressure 30 above atnospheric pressure
when pl acwo o3n3i2de an encl osure 514, such as a nol ecul ar &0&AISGORNG251 dur i ng
anal ysis such that the evaporative tenperature of sanple fluid 56 is raised
in order to mnimze sanple fluid evaporation from assays stations.
[001201 In this enbodi mnent the DNA or other chemcals in the sanple fluid
contained in each assay station 26 are isolated within the domain of the
assay stassdyoitaions, cxneptishmpleiprataraion ajiambatd @ al-tB6 N0 0838 by a bonding
PCT/ S@02/ 00251 ? chagn | 28 an%ﬁse %nd assay channel 24 so that the DNA or
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el ectr ownet t_i,n?, t hernocapillary flow or vacuum sucti on.
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one und%aglﬁgme&g);r?%ﬂgnt of a reaction, such as non-specific binding of a
| abel ed "probe or 0 Ner unwanted reaction conponents, for exanple, in assay

tati hi b tilized i. nbodi ts 15 wh i be/ k
ot ecol SW133L TRl g Sl Parey A Bam ke bonRo ek Sinbs egupragat of
assay Stutlbédledl.a VaRletyeodbtitions. A e’hmPlePitNchst 91?]5 e Hrrgl‘lg k&ﬁh@iﬁy@fﬁ%]\ e

(DNA, for exanple) that is of interest. Upon the co etiron”o e- assay
r eadt i oRrovidedsé pilorgtian.«s locebapsrin eedcasé of 4 plurality of ngjesg ovarshd vayions Bifeas, suvh a

vacuum Lnto the | ti purpose channel s and assa
Stati on sBRAREUE Bnst HscRERTE: BE iRl Bort s oradris Ao oRERee haiceabie
conponehtysr 4 map be asmpsisadadatmaerial The i@k loeFidaplo RSs What aB6® veREIahfs
assay cg)anber’ 506 sur aCﬁﬁ rer’r@iér{\ﬂ behind and are_ then assayed for the

pr esenc® GFFELEETEEBE: VHE® BV %b%’fler. feribeloss of Hligmid fiu frora theeapiperatyy obe.
0012211 (&4t cxasiple. It bl sedbud MYcrGOBRodl a2y kO HERE Ay Y rellifld Bl RAMTT &

32 captures both white Iight and/ or t uoreéscen m ssi on i mages from
f 1 udh esBuifs ag warious madiuasodlophrenghtthe vatous kharimelss, channel s, and assay
stations, i.e., fluid conpartnents and. channels, are not enbedded

{00124} The channels 20, 30, 28, 24 and 22 can range in width typically from about 1 micro

—

meter to about 5 mm, while the channels can range in depth typically from about 1 micro meter
to about 1 mm. The assay stations 26 can range in width or diameter typically from about 1‘
micro meter to about 10 mm, and typically from about 1 micro meter to about 1 mm in depth.

25  The surface wetting properties and dimensions of each type of channel 20, 30, 28, 24 and 22 can
vary from the other types of channels. All of the structures can be manufactured using such
processes as micro electro-mechanical systems (MEMS) technology, éqmputer numerically
controlled (CNC) machining, laser machining, electrical discharge machining (EDM), chemical

etching, injection molding, hot embossing, or stamping.

30  [00125] Each assay station 26 may subject to a thermal condition required for DNA
amplification as previously dispussed. Such thermal conditions include thermal cycling required

for the polymerase chain reaction (PCR).

[00126] Moreover, in an alternate embodiment of the present invention, the FPF can also be

added through test sample inlet 2 or buffer inlet 4 to elution buffer in sample preparation
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underneath the surface -of the substrate 36, and are ot herw se exposed to
the environnent, a sealing |layer 40 may be applied to the upper surfaces
of all ofwoDle/nsi2e¢ d conpartnents and channels 20, 30, 28Pam¢Gagseyl
stations 26. The sealing | ayer 40 should be bonded to the substrate 36
preferably before the test sanple is added to the sanple preparation
chanber 6. The sealing 30 |layer 40 may not applied to sanple preparation
chanmber 6, and the nouths of the inlets 2, 4 and 21, 42, 44, 46. The
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venting fl ui tp escape, for exanple, v / . a |
| oss of © axmeﬂ%% 8“‘? f a?camﬁ PEH Chnnghsa rAdditonallyeisolptien mediggnlet 42 & prexdfiechin
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fluids and various nediuns to flow through t

The char#eld iselsozgovidel inxpmupehication avithriasipeultipuiost thanyeli3Oald the f r om about

1 mcro kl.e.the channels .can ra I h depth

typi cal legﬂ??lg{rﬁnggg gﬁ??kmg {;ér%?v?r’\é?é Js deplc%le(f I communication m&gi?rst gu 0 anci3 second 22
multipurpose channel. While only two sets of assay stations, assay station channels and

multipurpose channels are shown, any number of a plurality of sets may be provided.

25  Additionally, sealing layer 40 may be provided over particular areas according to particular
embodiments as described previously (not shown due to top view of FIGs 5A-E). Exemplary
configurations include sealing layer 40 covering assay stations 26 only or in combination with
one or both multipurpose channels, for example, depending upon the type of assay to be run and

the characteristics of fluids that will be utilized in conjunction with substrate 36.

30 [00129] In some embodiments, first assay channel 28 has a smaller cross-sectional area than the
second assay channel 24, as shown in FIG 5A-E. This reduces the speed and/or flow of sample
fluid 56, that enters assay station 26, thus allowing the air being displaced, via sample fluid 56.
entry into assay chamber 26, to be conducted through second assay chamber channel 24 and into

second multipurpose channel 22. This reduces the likelyhood that air pockets will form and be
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to about I mm The assay stations 26 can range in width or dianeter
typically fromabout | mcro neter to about 10 nm and typically from
about 1 nworos/os®eer to about 1 mmin depth. 25 The surfac®CESGOR/PES1
properties and di nensions of each type of channel 20, 30, 28, 24 and 22 can
vary fromthe other types of channels. Al of the structures can be

manuf act ured usi ng such processes as mcro el ectro-nmechani cal systens
(MEMB) technol ogy, conputer nunerically controlled (CNC) machining, |aser
machi hi ng"?pr@:i@a i} @fﬁay stiitﬁcgh%ﬁ gresampddhiluid 6§ ﬂ(oE@Mtg ges{hg(r)ﬁ'tagi@]h 26%hﬁ Bidiually into

i njection nolding 0 0ssing, or stanping. 125] Each assay
station %ayﬁgl%wﬁﬁzgo a thermal condition required for DNA

anplificati Jpreviously discussed. Such thermal conditions include
t her mal @&fﬂn%’gfﬁﬁtﬁéﬁﬁy stggtontohanted R§ isedepistedcrainplaridnberemras (PGRY, 2 ciroGIAP6]

Mor eoVer gpobdkafy j he prese i nvention, the FPF can
Al 5o be “Stac Ty Rl SEERBIIETRR TR ) phl %l FiRNbe MiAe: 49 wrlietonen

buf f er i mirmirplsemplecthad 46 iflow out 280 ARt ARMOREFRS RiakeSsH2/ 00251 5 chanber 6
to actuate the flowinto the assay stations 26. In this case, there is no

neediof or[0013IANREFIGLEB, Lhatiteb6 oflkcanthsshiaihen ch§nne] Pl Sazhl jogn is shown
in FIG 3 %nd FIG 4. Here, the val \‘/:e 8 Sassumeél t he ef unc?jlagéh&(g?&\égl ve 18

shown i rpfeRrposshappet22omay he arqvidsdiveth susfopredtasacteristies thetirgmowtondueiveltbp

100 and nphk e preparati on and an Sis.is

dent i cal To e harhbi oL, Pbr SRS SRR A RRe R r B2 R btk 1 na
di scussitwmaterso prowident lgdlroft®bjcONLATL TAltisio embbditdeat, ¢hiampisisdlacs Jeswehace of
all the channels.anqhall t he assa st?ﬁions) is hydrophilic, there'is no
need t o 3JUEPU5 Selpfionythe sample S%*H‘}O%%/%}j{é oW &P gssgp tatipn 8 via swmpld solwiondnlet

Singe DNeafRimRl fufil plrfodehaties 90Swhibh it dhielk fyHobhiiiSughignnel s and

assay stations by itself when valve 8 1s open v and val ve 18
can be ¢hepderdichySimyarlye thesurfhens of fiastpssey chambb2f sl ass@) @ation 25akiso have

appar at Y EEL SR BRI U o SRS 86 NpERL st TR R 23
pr epar athdstopd, dsanpieeord minttipuspose okknatlarb? BfdroHAbR: surfa¥@ Bl &fidfistic or, as in
confi guratljFﬁQ%l%g%ﬂ as thgse, dspi cted in FI'Gs. 5A-E may therefore be

provi ded®® megts s drRieted 3pEHad 7athe phnpt exnsesign shshasnelidianetasromvi ng

i N e@Mutiof@hdsep chifk A Qﬁﬂ:{p T g
channel 24(1). Adsg?tci onaﬁ@foasietsz%rlfdsat%l}l%ﬁﬁﬁé%ﬁ% I'n 2’? %% (ﬁggﬁer oé?r?fglag?ﬂ %Xnd
communi éey eenapk ¢ wey alvel havd hidpephobissudhanthatacRisti Fuut tWieeBuis: sagpRMLAr Y
sanpl e 38 Iﬂ%v' Wilid stop, shown in FIG 5B, C, for example.

[00132] In the embodiments depicted in FIGs 5B, C, reservoir 45 may be provided with
absorbent 5. Absorbent 5 may be comprised of at least any one of cellulose-based material or
25  synthetic material, polyacrylamide gels, partic}eé and porous materials. Reservoir 45 may be
sealed by sealing layer 40 or may be open to the atmosphere. Furthermore and in particular
embodiments, when absorbent 5 may be covered by sealing layer 40, as shown in FIG 5B (top
view), vents 52 may be provided so that fluid flow in the various channels may occur.
Additionally, while reservoir 45 and absorbent 5 are herein depicted as being of sufficient size to
30  be in communication with a pIu;ality of terminal portions of multipurpose channels, it is also
contemplated that terminal portions of the multipurpose channels may be in communication with

exclusive reservoirs and/or absorbent 5 not in communication with any other multipurpose

channel.
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inlet 21 is also provided in communication with first multipurpose channel
30. In the enbodinent of FIG 5A, a reservoir 45 is depicted in

comuni cawpooa/osdeh first 30 and second 22 nulti purpose clhramrselo2/oddhi| e only
two sets of assay stations, assay station channels and nulti purpose
channel s. are shown, any nunber of a plurality of sets nmay be provided. 25
Additionally, sealing |ayer 40 may be provided over particul ar areas
according to particular enbodinments as described - -previously (not shown due
to top vi@Od33f IFbder Bysek) assBxaayire2é; isotzioh ngpdivat 54 salionedus Gowaatoifitg | ayer
40 covering.assay st tiﬁn é6.on|y or in copbjnation with one or both
nul ti pur ép‘gﬂ%fﬁﬁ% it 30 Is %%?ﬂoﬁn@‘,huﬂb%g‘ﬁ@f%@B@W%W@Ymsmeﬂwgawﬂb be -
run and a¢doedmbe bt d Fals -\ b L1 ln: conpwnct i on
W Th Subarr a e Og AR B R el UL 8 Mt itbion Sl P S8R RR o
has a sméf may beintsslusetintofiat mattgmrpdseachdnnel 30swde xothtias seadichanaell. 24, as

shown in A:iG 5A—Eb Thi S #educes th eed _and/or f|ow of sanple fluid 56,
t hat entBr_sc%%grse Oéjflg?rffi Onganpl i Hgstrel agifIGhdi g Jisoltign sedivm o
sanple f indtd 196y sRkeraddalbomaRHar s aRehiefuid (908 £ANAUGLRd: foE{s%%Pn
second assay chanber channel 24 and into” second nul ti purpose channel  22.

Thi s redwedym asshpwrér T84 tnathenpmbpdinkerts forvixhinplepasalamskehén FIRI, WO

03/ 035229 PE 2/ 0 d, Wi t hi tati 26 le fluid
56, 1 oneo afigh HERRD Ainhy Be bR Vo bitnlor D s ntEts Bt 88 ol § ST evmnie
24. [ 00120 tath dreirléts &) seasmbiyiuRipaipose clednasl Pl tha8s tshddeivt &8 81 fRWEHiAdd

herein as having.,a cjrcular _cross-sectional shape/profile, this channel
may haveSYAYOLMELEM: M ApPrgvioydly discasied.daqlatioammesium$4 neit ahlyiseryves torsohleastayi d
56 150w @utfonl 28 BorfekaribleMbilttais X Fl&PB a
portion 50 (.)gf seégnd fgtseéay SS{Bg{r{?@ﬁ&cﬁgﬁ%e’?ﬁﬁﬁgga?tg%gﬁ{ﬁ%@%a& ﬁﬂﬁ’lt&ﬁpurpose
channel m®altiprwppsdehapned 30ddike disptacedisdragle floklaicanieflowttd @ sesehair 451 &s

non- cond { 0. e-flow.of sanple soluti 58. For exanpl e, second

il  porpeeEtainaE . HoR ey &7 are5i56t bt ol walhe o ek ey arpHonY o
sur f ace.nok Bortthingbesrbadisnent, if sanple solution 56 is an aqueous sol ution,
the sanple solution 56 will flow into assay station 26 via sanple solution

inl et 1500134] ankk dibplsdentBat 8dscABELRSGr Pé@@l%ﬁ'theg@ow}[éﬁéea&?ﬂjr: ?luf(ﬁ.ésou?)éfﬁglte has

hydrophilic surface characteristics. Simlarly, aces of TiIrst
ass@) cHaHHBMPOS dhaanch 39aloiexner, additional displacdmasnt mayaliocpkd place tyuthé aces, f or

exanpl e. @%L’ﬁ SR t cond nmul tipur hannel .22 and -
st ops, K[ 8conié{llrorluq P’P ?SSU{ %g()\é@eé %??fﬁgl‘ ulp %osﬁﬁg?%%ﬁgglvgh%‘ﬂ? ?l}fdé(’%a“on
charact éhiid §4 displacesa®t sample fluid 56, but air. Recall that in this embodiment the surface of
second multi-purpose channel 22 may be inherently or treated to be hydrophobic, for example,
and thus acts to halt the flow of sample fluid at area 50. Upon introduction of isolation medium
25 54 into the second multipurpose channels, the air therein is displaced and thus assay station 26,‘
or pluralities thereof, are sealed by said isolation fluid 54. This addresses the concern of

evaporation and cross contamination of the contents of one assay station with others.

[00135] There are a number of methods by which isolation medium 54 may be introduced to
exemplary second multipurpose channel 22. According to the embodiment depicted in FIG. 5C,
30  isolation medium 54 is introduced via inlet 21, flows and displaces sample fluid 56 from the first
multipurpose channel into reservoir 45. This results in the partial sealing of assay station 26 at
the ]ower‘ hand portion, as depicted. Isolation fluid may then flow into absorbent 5 and then
come into communication with second multipurpose channel 22, as indicated by the arrows, and
flow into the second multipurpose channel 22, displacing the air therein and sealing the upper

35  hand portion of assay station 26, resulting in the complete sealing of the assay station 26 or
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particul ar enbodi mrents as depicted in FIG 17, the abrupt expansion of
channel dianeter from 20 second assay channel 24 to second nul ti purpose
channel 220 08®33tepi ct ed, portion 50 of second assay chanmelr/s&d2nmfl al so
have hydr ophobi c surface characteristics at which point sanple fluid 56
fl ow woul d stop, shown in FIG 513, C for exanple. [00132] In the

enbodi nents depicted in FIGS 513, C, reservoir 45 may be provided with
absorbent 5. Absorbent 5 nay be conprised of at |east any one of

cel | 5l osetibas ek thiseaibbdiment, inl2b4Sway heitds @ venitaadinat as podiyacieptrafotbe gel s,
particles and porous materials. Reservqgir 45 pay eal ed seal i ng | ayer
40 or maytrascHpreel selataelEd iye aﬁ@r@.mtﬁupﬁrﬁ%?eﬁbﬁl@wiﬁ%ff%e%ﬁ%éaF g Ih
enbodin§@5 .~ When absorbent 5 nay be covered by sealing | ayer 40, as shown
in FIG ??%p view), vents 52 may be provided so that fluid flowin the

vari ous Qccur., i tJ4onal i LValh absor bent
5 are hc—!&gﬁﬁf‘ g@é ﬁ? éﬁ’l?ﬁ aﬁlgfaﬁrga%?ﬁ &Dssg)#lnjﬁ:? %%Iﬁgdsnlegté E}%%gﬁ?% %l% é) Olﬁ%l tglgtg’rm ni cation
with a phshdinidaio®{vithehdinbRipuRRké chaselef Hetd, thepbsgbas Sqiravided R thetupitskeadfs o
contenplated that term nal portions _of the nultipurpose cha nelﬁ may be i.n
comitini eaedssprmple Huidedes padmaz alsedpiaksicxecsaisaletion msdbibiht Farthepithe n

conmuni ¢cat i ] ! = : ;

pCT) scodnoiiaaetok slpas) il B phoRltt RADEG GAERRIne of il udton J e htions
medi um %4 préviding @uetert‘@uilingtiforné ontbithstolnmhs oframpbesiuid 6Aduittie rédectienfimt i on

di um 54 may be int t d.i d i th
Do ous SO RS, TG 0t isHAton P o baedreo puhapgsd e 488 B3R D i urm
54 may he &ﬁ#f@@ﬂﬁ}ﬁ%éﬁ@i s?atfdn'é $ihvdThiehni SPAIEPAREIE BN ASInt 8 GerMbRed] BOY aﬁﬁag <

medi um inl et 21. icular enbodinents, for exanple in FIGS S5A

wel 115 as efte@Ssdmpla duldl contagnesl theapinmest aentivged preeiously, shagrbsel yman algp apver

mul ti purgosg sarrg)llet‘fl ui&l %‘R%Ft 21 and as an inlet for isolation nedium
as showA*i% RSP BRREH " Bbodi nents for exanple, as also seen in FIG
1, isolati dium 54 mgy be introduce ia.an inlet.42 or inlets .th do
not ser @légﬂ u‘gﬁerﬁ?}?vﬁﬁg@gg%ﬁ‘f“%r‘gﬁgfovéc&efgf %Fé?tgoraluf)n%%féﬂ‘dhw{ﬁ ¥ Eertg%lgsé%
channel ;22 t@ip.| An cRREMGHVRNTBwlati6n i dipiceld iaiFig P810HER a dos@héd seebndredi um
54. As previously discussed, isolation nedium54 not only serves_to seal
assay 1Bustpurpess channe} 32 issxavigedin eommuyneatiop il mekivfegssdhdatiangpitie enent of
sanmpl e fl ui . 1 t] . L ed sanpl e
flu )():I 5@&&#@% ?’ ?8%/?/5)?(%?3 ééész}sla r%rdogﬁ&géﬁlogmﬁlyﬁggl ?iﬁk%g%‘ca;{%gi&é@ whi ch may
or may neiltifepseahathels, fdr exempleray shawe (30MRdB00), imby whichrsagple fluid 56 which

may differ from one another, may be introduced. This provides for assaying/testing of

maultiple/different sample fluids on one apparatus.

[00138] FIG 6A-C depict an alternative embodiment. In this embodiment, assay station 26 or

25  stations, are provided with a venting hole 66 formed in sealing layer 40 (not shown in FIG 6A, a
top view). Thisis showﬁ more clearly in Fig 6B, a side view of exemplary Fig 6A. Here, assay
station vent 66 is shown open to the atmosphere. Supports 62 are provided to support isolation
medium platform 60 which is disposed over at least the assay station vent 66 and defines gap 64.
As in previous embodiments, sample fluid 56 is introduced into first multipurpose channel 30

30  and flows and fills assay station 26 via first assajr channe] 28. Here, instead of flowing to a
second multipurpose assay channel, sample fluid 56 fills assay station 26 (or stations) as well as
assay station vent 66, as seen in Fig 6B. Subsequently, isolation medium 54 displaces sample
fluid 56 in first multipurpose channel as before. However, isolation medium 54 now is

introduced to gap 64. Isolation medium 54 flows to fill in gap 64 defined by isolation medium
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not contain absorbent 5. [00134] The di spl acenent described so far results
inthe flow of sanple fluid 56 out of first 20 multipurpose channel 30.
However, wodsws2aal di spl acement nay al so take place by t reT/Sopbi2sat i on of
isolation fluid 54 into the second mul ti purpose channel 22, wherein the
isolation fluid 54. displaces not sanple fluid 56, but air. Recall that in
this enbodi nent the surface of second nulti-purpose channel 22 may be

i nherently or treated to be hydrophobic, for exanple, and thus acts to

hal t st hesldtkaw 60 amiasepling 1hyari4d, @tshavadn 5ﬂ>grdslpnﬂ?1gr6t:r dtlg 6Di depictd thissfilliag and
medi um 25 54 into the second nulti purpose _channels, the ai therein IS

di spl acegaliedproprss fgwagrossaetio! side viegrof §iigipy Fig BE depisisdbis exgmplazka| ed by

sai d isql dﬂﬁex{t a'f'{r%lg 8?41{: wﬁ@e%h@gagﬁ Oﬁ?ﬁi ih Q@sag Qﬁﬁgﬁﬂs Qf ale W Vg‘ﬂefaﬁ&% Aaang

cross contan na he cont ent’s one asSsay station ers.
[ 00135] sEhere area nunber of nethods by which isolation nmedium 54 maybe
introduced to exenplary second multipurpose channel 22. According to the

embodi "30@139? PlnCn@tshdirflerftd $herd @ non30lidFabletdodationmstdiim 34 id etilized adlissldtion a
inlet 2 flows and displ aces sanple fluid 56 fromthe first nul t| pur pose
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pper 38 helie PBF foren agreq vehrePE B S8 HDd AR He oA FREBPOt
seal ing hﬁ{udt 1B§d?§§,aéﬁnﬁpzf@tbgﬂpﬁ@ssqfa or %ehe}é@oﬂéﬁ&x’g‘i?@ﬁ ahC R AR klevated

stations. di ment inle may act as a vent and not as a pOI nt
of antr yerﬁmrattuhfe Saatanb@n«m bsrin dérm ebvax,ihotmeltgpappsitionss adbesdvadiquid, polesre

channel r.exa ho 6 5 R

det ac haﬂ)‘ﬂgida STAFEper r ﬁeer%@dlilwlyhﬁif sggd %@E}mﬁg entc(%l g8%’flllnéa

Wi th t hetiingicBpy, nxaww&evran@ls Sin atie pfefertdicoatttoinibanit iSprefaddiast sbﬁdlﬁabE

uptake of i 0 excess sanple T1uid 56, and may al so upt akg gfxcess i sol ation
nedi um Seplamt@rtasayell qaps héﬁ)ﬁ‘l‘q/ pLYalYRs cHfvspraPeRes 8P 9Pt 489S ovi de to

speed up the filling of assay station 26 or stations ovi di ng anot her
"pul | i ndP0148} cBuraimede Fited@anaths esmpamsraligureion 1563E’1ﬁt35hgleff‘e§9 &diopve fir st

mul ur E ced
i a2 i BREERGn BUARRRI) i forffal b 4s58) SANCHERY Miooth BB, DEA oBRRLT
t he abspodidah oberrassaywedion chaunkh¥4. nbp certain embodiments, solidifiable sealant 67 may be

disposed directly onto sealing layer 40 (not shown in this top view) to cover assay station vent 66

as well as outlets and inlets 21, in order to isolate all the fluidic paths and provide a fixed volume
of fluid, as detailed above, from the atmosphere and thus minimized and/or eliminates mixing of
25  fluids (sample fluid 56 in assays stations, for example). In particular embodiments, the

sequencés of the filling of sample fluid 56 and isolation fluid 54 may reversed.

[00141] FIGS 7A1-7C4 depict an exemplary sequence of filling events. In these examples, first
multipurpose channel 30, first and second assay channel, 28 and 24, as well as assay station 26,
have hydrophilic surface characteristics, while second multipurpose channel 22 has a

30  hydrophobic surface. In particular embodiments, at least a portion of sealing layer 40 located

above multipurpose channel 22 has a hydrophobic surface.

[00142] FIGS 7A-1 to 7A-4 depict an exemplary flow and filling sequence wherein sample
fluid 56, having been introduced into first multipurpose channel 30, flows through and fills the

first multipurpose channel 30, first assay station channel 28 and assay station 26, and flows into
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15 excess sanple fluid contained therein. At nmentioned previously,

absorbent 5 may al so have absorbed therein isolation medium54. [00137]

Al t er nat iwe osB2ad nent s may provide for the introduction eCTrsdoringse sanpl e
fluids 56 into the chip. An exenplary configuration is depicted in Fig 18.
Here a common second nultipurpose channel 22 is provided in conmuni cation

with multiple assay stations. The 20 plurality of assay stations may be in

comruni cation with a plurality of separate first nultipurpose channels,

for exanmd ecesd shaytai@chamt] 39'apd siops adjatrnt v thesrioad MullipirsGewhawiel 22y

differ fromone another, nay be introduced. Thj [ f .
alssayi ngrbeagupRily. 86 shawn mifﬁégﬁ}i "’:Df’@“e uf"é‘&ﬂﬁl“é‘i $4I’ %Yoigé %ésnolﬂﬁ‘r)%‘ffﬁgﬂ%t? dhe
00138 - ' : ' ' . ' | SBEIHA,

hosay st dpEeRGhnd B i iR LU BICETRS o6 FRIh dobdndrilchy BEDOCIRR
formed infulgp@ipbsgchanye 22 4Ge {orthe diffmwres in Firfac6gharacteristiopbarivesn) sechid s i s

h learly in_Fig 6B, a side vi f | Fig 6A.. He
Stat | on maPuTRa earebaA laghh crumb e repi AaS TEshishe a3t el 31S
{ 0 3y Eg’gﬁjdg% t hg)t. I80s reIREiiH MR ALAN ﬂlcﬁpm@%il?eéliﬂ@f@iesm@e@atmeze Ak theeast

I on vent 66 and defines gap I n previous enbaodi nents,

sanpl e fitaifabcStetiveen the sashie Suid 3¢t in the fisyt assay stepen ghesecl A3and dhe olation and

flows and fills.ass st at.ion 26 .via,.fjrst assay channel 28. Here, instead

of f1 ow 5B 521“3&%‘ﬁ‘d“%??@8%ﬁ%}3‘§%61§s(’5ay channel, sanple fluid 56 fills

assay station 26 (or statjons)..as L | ass stati,on vent 6§, as seen

in Fig 6@914%%&@?{%1 9 7Go PP PSP otk heY g tep bt Biseconly M0 56 i n

first mahiiBUpR0sSGRa Do RShBRIHR0Esh digAYRoes HEQIAVIAR. TR dFisdlaiin S
0 .

i ntroduce gap solation nedium54 flows to fill in gap 64 defjned
by iisol atddoum 5édhiongh $2ombNOBIOEBERe chaoe! Zpmyrpidestheseqdingt o shaplorrlifnel

sealing | ayer 40 s shown in Qgl e. I I.G: | | hi s

filling2& S{%}é’ﬁﬁ‘i %@Iﬁ?glegfédspr %‘ﬁgg’ %@8&@“ Js;ggltulgio%rﬁa‘fJiJ Sl g% e\c:l?&el\l}v%g%r ig 6C.
Fig. 6E sdiepiiafly iihfsceie mhahy anéhbio diugepdviding bheal popaittswiterethth enesgapite
fluid in assay stations is seal ed by isol at %ﬁmrredl m . 54, {,0013 1 Igz4
enbodi menskowEY G o5 SKAERIE] UbPUtFRST SpbesmAE POMCEISPStigR Fi¢ P84 and

| sol ati ggesaxﬁ% sﬁﬁﬁl*gy'?té‘}n SRRt Al ihYose 8haRkisdn ahabb efos eadmagit, Hhliary be

deposi t around isolation mediumplatform®60 and into all outlets and
i nl @bs 2dal nfayrbeewtdimptl ¢y serhthe indets/ontiets of theghltinwgosesehpeneds. Sich aselid ppigicd; ¢

Paths (GRARRE'vapar trofiSh 8 lBlibh B s TR RRNEYCur il BRIpek el @ ST de view
[00144] While FIGS 7A1-7C-4 depict an exemplary sequence wherein a plurality of assay
stations and assay station channels are first filled with sample fluid 56 and-subsequently sealed
with isolation medium, this is not the only sequence by which the at least one assay station 26

25  may be ﬁllea. In FIG 7D1-2, the filling of a plurality of assay stations may be accomplished
wherein particular assay stations (and assay channels) are sealed while still other assay stations
(and assay channels) are at various stages of filling and sealing. For example, in FIG 7D2, the
left-most assay station 26 and assay channels are already filled with sample solution 56 and
sealed, while the adjacent assay station and assay channels are filled but only partially sealed by

30 isolation medium 54. These various exemplary sequences are typically achieved by the timing
of the introduction of isolation medium 54 into the first and second multipurpose channels.
Additionally, differential application of differing types of isolation medium 54, having different
flow characteristics, into the first and second multipurpose channels 22 and 30, respectively, may

also be utilized to control flow rates through multipurpose channels. Furthermore, differential
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6F. This thus forns a fixed volune (of sanple fluid 56 and isol ation nedi um
54, for exanple) of liquid inside the chip 100 to suppress vapor

gener at i owodass2ge PCR and ot her reaction at el evated 15 t ®cpSGar/00261

Seal ant 67 can be in formof wax, hot-nelt conpositions , adhesive liquid,
polymer liquid and el astomer for exanple.. Additionally, this solid

seal ant effect can also be achieved utilizing caps, |lids and/or valves, in
any preferred conbination. It is preferred that solidifiable sealant 67 as
wel | Tapsirface geatmentsdhatelies sufaenensrgies andoivtezactions wilh thegsd it madio. 54 003 401

Turning {o ki n r.ex | ar onfiguration is depicted. Here.,

i sol ati o]%e gglz%ﬁlg%%ﬁﬁqqg{a%ospﬁgcgg&iega%‘gg utilized and assay station vent 66
has been d.to exenpl ar. O0Si fion over ass station channel 24. In
certain @ﬂg i ﬁ‘éﬁ‘?‘ﬁ{,}%ﬁw tgglfﬁl 58 t"ﬁ?‘?ﬂf‘ﬁ‘f;eﬁé‘%ﬁ% d%’PE‘bé%WCQ%]E% pithent o
seal i ng ilsolfflﬁﬁ('in fHealmo54 ﬁﬂ@%_rﬂn}]ﬁé@bésﬁc@ﬁnﬂél?ﬂhy o BQM@IFZ@@.S ?@Fllxs'sé[)ﬁéﬂﬁ? vent

66 as well as outlets and inle in order to i'solate a uidic
pat hs ardmpleflindes 6ais fntrosdcado haabove ofndfflllsi adsayaatide 26 drexplakbityehereodm t he

t h d t.h i.ni m zed gnd/ i pd nat i Xi f 25 f1uid |
Lol sebseieatyturidt Srdin s windred i s i i airar duniheat R ne.
sequencasbiqubity &irkd bilordfol e ahdidt So1RBE A thus pRIvALhORsshy SthortharRg

reversed. [001411. FIGS 7Al1-7CA depict an exenpl ary sequence of ‘filling
events. 9n8 of Hesdiesidssssepled by applidified pglatipp medwe fetexanple. Swbsdquently, asedatioac ond

assay c , X 4 140 6 ve.hydrophil.ic
cur t ace Hpi o4 ha B ity MGl o RS Mo Al R Sopd U8 oK iR et
hyd Ir oph (ﬂ|4|> s them gamrmzl teldriz&tpahet oppokiag lnﬁﬂﬂpxdp' ﬂi&rtﬂmsl?]neahndl mgj;b% @b@&jﬂﬁhgﬁ cmﬁ,d ]
seal i ng er 40 located.._apgove nul ti purpose channel 22 has a hydrophobic
sur fiace .an%é Pabymnes S%&llfmf %%seﬁu@yﬁi@ﬁaraﬂleélw #diselption mpdium :’réf) iHigg
sequenc 8Lt ysane! |44 LRGiRREe R ' j

mul ti pu r%[r)((y)@e sg%aﬁl nel ?? g ,Vel? Iv:rpgmcgu sfiﬁc?lgﬁgxﬁingﬁg H‘gi I@Ilﬂsce %Es‘é? gffalﬁgréét Q{S%Ptg%%gr %rgs e
channel aBeadyf filed with sapplstinid Fharshzomded oBommddawihy selistantiolly &Giledoand sblidws

into -33 3/ 03522 CT/.SGN2/ 00 5 the. second gssay, stati on channel 24
and st o%%ulé\é%’ggéeen% ogt ﬁg ‘%‘%"?ﬁ%‘b" | ?%ﬁ??ﬂ‘gé%ﬁ‘%@ﬁgﬁﬁ%*fn o YasE¥dent |y,
as showmmiltiplrbEse/@iknhel nBbe desithptished ufilizihg ghedter Rivd HrEQER: psh iad i nto

the first multipurpose channel 30, displaces sanple fluid 56 which does
not 2P| oWrsd Strerietisaandanb o3 hesposle fgﬁéﬁ‘ﬁ]é rerpain i gssayostatinn 26 dpasearces i n
surface £hkShi t i LS
el 6 B O R el B PRARE, RE TG gy Vol
( hydr oplsolation. matiings thes mlay sequire pphessinszakian tobe applied ar drided fos thehi todlosf. t he
assay station 26 via the

{00146] Now turning to FIG 8, an exemplary analyzer system is shown. This example is

particularly use fully when utilizing a fluorescence-based assay, such as PCR, for example.

25  During or at the end of the amplifying of the targeted DNA, some or all of the chip 100 is
illuminated by an excitation light source 500 having a wavelength spectrum required to excite
the fluorescent dye contained in each assay station 26. The excitation light 502 passes through
light filter 504 where it is reflected by optical half-mirrer 506. The reflected light 508 passes
through transparent window 512 and on to the assay stations. The entire chip 100 is enclosed in

30  anenclosure 514 for thermal control. Thermal control is achieved by temperature control system
516 in conjunction with fluidic handling system 518 which interfaces with the chip 100. The

‘enclosure 514 also includes the temperature control system 516 and the fluidic handling system
518.
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interface between the sanple fluid 56 in the first assay station channel 28
and the isolation nedium54 in the first nultipurpose channel 30. [001431
In FI G 7GX0t0/03349 i sol ati on nmedi um 54, havi ng been i ntro@aasgor/o02second
mul ti purpose channel 22, flows therethrough and di splaces the air wthin.
The flow of isolation 15 nmedium 54 through second nul ti purpose channel 22
conpletes the sealing of the plurality of assay stations. As nentioned
previously, isolation nmedium54 and sanple fluid. 56 are substantially

i i sci bj0814#]t W@néh@dn’p (80 js itthwmated dyithé hghtaoweab0G capeiaB2sdendtey thet hey
meet, sugh as shawn in FlI G 7C 4, hor exanple. In particul ar enbodi nent.s

wher ei n TUOBFSSERSHISRARN 1HALS% 2GR al] or asBbselipkthe a5spi stations 29 camers leng 2.
nul ti purpgse tﬁ@ﬁﬂ%llﬁgh@ 2 ERACRY thef Qe Fﬁﬁ%ﬂggﬁ itthaS&k 'tl‘go%@l gals THat zﬁteﬁs

utilized to seal e 1nlets/outlets o rrutlpurpos anne
solid barut hlépthephghltamﬂsmlbequwvsgtemabwtspeamm oBkgla raiiitad ﬁcﬁmslwmh(ﬁes‘cbhlﬂ deq6 at
hi gher te 7A1 C-4 depi ct an exenpl

t 1441 V\V'I
sequencé tg‘i(gi aﬁ?%ﬁ 9 EPest eﬁ%ggy Qpege P ﬁ%n BW(SPC%Q Sﬁtheétaﬁ?‘i’w Q?ilféfhﬁ@ s
ar e foi r shipf 100, 8BhoMgh S mdr£ 33 [sWhdwe 6n BitS2 aﬁ&’pf@gléﬁaﬁl tzleé 1 \@sthgwn in

isolation nedium this is not the onl y sequence b e east one
assay stﬂﬁlgofpljﬁ:&gm@hﬁcﬁ@nquﬂl\éﬁ the ﬂetECtt@nmylﬁeparfmemédi B thmgncbéf achl urality

of assa e i shed erel n artl c stations
(and ac gl GRAEpiSHe B B3 TR oiteFS e Bhom e iveBlai 3 18 e Fna
assay chasipeddsfor afeelmesvaa{ueﬁﬁgsmtlﬁ@ﬁgtyoit tﬁd lotdtidg TREcISARdY AiontBe sEXHBIE.
in FIG 7D2, the Ileft-nost assay station 26 and assay channels are already

filled JpeeHor ahfhesmision imnge sud thsgmission intensifini The akies inviginge drta aspuisition
st atyison NGt $PLesGHARREL R AR, bgf' o bl Foxﬁf}h\éo g{ltref 334 YnRE¥ go%ng%écfzégo

i solation nedium 54.” These vari ous exe €nces aret
achi evedamgtatBIiebyt Gomhexgor ¥¥6 anli¢o thettemplretircotonadl sysehas i GOy condedtor 58 indtie t he

first and se It| channel s Additionally, differential

appl i capf o‘[ﬁlgll’ﬂ]&l’? yp#é"{)%e@"i?fm?%‘?ﬂsg’pr on medi um 54, having different
flow ch ics,.into the first and second mnu] ti purpose channels 22
and 30, ﬁoggglecﬂtlﬁ'%eﬂ gpid Mustaﬂt%@fesﬁw ATABgEenh Ol FRoRS FOmpRRNIS £ €8 andlygangh
mul ti pusnese EREORAbWs a EeHehGE BRCR diadtdl 6f £8stedh B3ne

PCT/ SG02/ 00251 5 surf%ge ter eat nent sla%}at al lg.%r sbnr‘fgglgg\%%ﬁé gl eéagiﬁc may

i nt 8P ach#vsrronirish ap kecifation reiresncyrmathimths 4xeiteyion bpectruin ofzefthdraphocgnt r ol 1 ow

S Cauench a1 bR sidhatHih M of fgh dfe tatiom PRAFARY FBhetiims o6

i nto t heompdriehpiir hipheemitediting soutoe F020ashd extitdticadBam!pasded Fo@tA e
collimator 532A and a filter 534A, and then strikes onto chip 100 having at least one assay

station. Florescent emission from the at least one assay station are imaged to optical sensor 546
25 by optical capturing assembly 542A and 542B and filter 544. A proportional integral and
differential (PID) controlled thermal cycling assembly 538 and a two-dimensional translation

stage 536 is connected to microcontroller subsystem 550 then to main computer 548.

[00149] FIG 10 shows a schematic block diagram of a system in which a light beam illuminates
at least one assay station from the top. Light emitted from source 530D as an excitation beam

30  passes through a beam collimator 532D and a filter 534D is diverted by dichroic mirror 541 and
then strikes on chip 100. Fluorescent emission from.at least one assay station is imaged to
optical sensor 546 by optical capturing assembly 542B and filter 544. A PID-controlled thermal
cycling assembly 538 and a two-dimensional translation stage 536 is connected to

microcontroller subsystem 550 then to main computer 548.
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sanple fluid 56 is introduced, as above, and fills assay, station 26, or a
plurality thereof. 1o Subsequently, isolation nediumb54 is introduced into
one of thwormlosizpur pose channels and is subsequently cur@dT®ed2/00251

pol ynmeri zed and/or solidified, thus providing assay stations having one of
their sides sealed by a solidified isolation nedium for exanple.
Subsequently, isolation nedium54 (having the sane or different
conposition than the first introduced isolation nmedium 54) is then

condugt e{il 5o In REG:0p 10,53 00Gnd 1560 light 0ate cafBE Rekrs AMWDITED ArsyPsaotad | v
cured 15 d/ or_ pqlynerized/solidified. This sequence of sanple fluid 56
and i sol o) PH@BQ?)U gn cpllimatoryd 32,35 prefatred to epllimate the euipht hight frowi kghdssurce

isolatio ' ' t QNS hannel s. are already fjlled

w th sanml e Tl oD e B e AP IR i ecafit 1 61 P b o
and sol i eombindtionpiispasa optieal vempotidnes such bORMESsIR Ten@és ihRBnAERACVIS gﬂ;@éah on
medi um 5 bi nté%letﬂ secong}r | tipurpose channel may be acconplished

uti i zi ngPGr ACEHERIASES Oﬁb%m@ﬂem@ﬁr ? B litis fiared by FBigr 634 Bhichppdvides
secopdar dydcMatiddSwa n?@{gg 4 W | £y tation.26. and assay
channel s 20_46,1.tl 28 ange hushﬁgﬁﬁﬁﬁﬁgwﬁgﬁ%ﬁ%@ﬁ@?&a ﬁ?gx%{rﬁgo ﬁ%cg for the
use of vemgsion wevslength bardagelestorsifedicentan thg tfomaxmipteg flub@s@nekbuls] TaE ifowRr t 0
be appli in,order.for themto, flow 1461 Now turning to FI.G 8, an
exenpl a_rségéz_ﬁﬁpf/? 8?“%%[%‘?3@%@@‘7{5’\%%?WP&’%&R’%YF%‘F”@W equaiornerk gkadiation use ful |y
when ut iwivzieAgthaffthel@fec Ta8REDINATAR AIBH pass Wikbrs T 1R tgﬁ({tioﬁ%?%r?pa o
During or at the end of the anplifying of the targete NA,  sone or~all of
t he chi diltepand wterfareneqifiligt awg bsyepplicde idietfiter 66 bandiet a singie bengg@Ss filtariwith a

wavel-en i r . ite . the fluorescent. cont.ai ned in
eac ﬁlsas %&@%ﬁ%%éwﬁe& g§(< tgﬁlfsgi&?l@r’\avlelleaﬁfl of 4 i}'a?s e ??%%EFQ‘HC %ﬁ?rg‘ﬁith
filter SédraMwawelehgthiegualad ek anlisdiyn apbdl Bedht dfer ror 506. The refl ected
| i ght 508 passes through transparent wi ndow 512 and on to the assay .

st at i onJ001BE Rphingeo BhEspl W6nd B depieti itWa3inBUaIBRGS OSULD 1

t her mal cor)lgrol. Ther,rr% cont r ol igﬁalt_c Feg-\eed by’terlrpglft%ture (l:egé\rtéﬁz%%&%nystem
516 in QHR‘§meay BrPraiidsd ppen sibstrae A6l in flyid qarmeeticBnsithvrinale floiderhfmed 20w t h
the chi ghdQ@npid r 4 | e tenperature control
system 516 and ? ﬁeep aﬁ%ﬁ)}l%?% ﬁaﬁ%’f?éﬁ% IJ'jsslizél g%?g %ftlg‘h CCOmPARETS SFRFRARg dipon the
PCT2SR0 2Ai0@s1 typs of 82y X bawen Ackerdodgly) 0he 8mbsdiidehtiitan ab@risya 1d i ght
source %peg eyely raartng,z etects the %ééuo escent em ssjon imag7es 520 from all
or a subs pragipn Fac ae§s6§f§?v§]lgaﬁrf“8 4C F Bb b aRrEPapensnS 73 95d 2 Bd 'y bid Hempyrage
l'i ght 5B@verafioh esnttdlting aleBieat $22MToRrddunidatioR d8&aaIet oY of IHiLE! 0Bt AL

filters .
and 70 may be configured to receive various solutions such as, lysing solutions, buffer solutions

and elution buffers, respectively, or one inlet may be provided through which various fluids,

25 including buffers, may be introduced into the sample preparation chamber 6. Nucleic acid
1solation component 79 may be comprised of a nucleic acid binding membrane, giass block,
magnetic particles or silica beads, for example, as known in the art. Sealing layer 40 may be
provided with flexible portions 90 that may be deformed, for example, by a plunger or any
machine part that operates with a thrusting or plunging movement, as exemplified by 80 and 81.

30 When depressed into flexible portions 90 of sealing layer, flow to channel 20 or waste channel

84, may be stopped/impeded or allowed to so as to direct fluid flow to one channel or the other.

[00152] In the embodiments of Figs 11A and B, an air pump for air purging of washing buffer
left in chip may be utilized and injected by a “fish pump” controlled by valves.
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out all other light and only allows a narrow spectrumof |light emtted from
the fluorescent dye to pass through and reach the canera | ens 522. Canera
32 can bewbosas®d ei t her above or bel ow the 10 chip 100, &iCrisaughozshe
canmera 32 is shown in FIG 2 and FIG 4 above the chip 100. As shown in FIG
8, for PCR anplification of DNA, the detection nmay be perfornmed at the end
of each thermal cycle or after the anplifying process has been entirely
conpl eted. The images are analyzed for the fluorescent em ssion intensity
at the | BWd6BbA ughersest, airsmmyping af washing thefes abeluanoibi e alidydse i@fecteh®y “fish
eni ssi on llnglg,gg ?rnﬂﬁéBeVglr‘p s%| on intensity. The entire inmaging, data

acqui si t PERP 18U 4t t®ssing are controlled by a hardware control
conputerm%ié V\/ﬂ,j ch is connected to camera 32 by connector 526 and to the

t enper at HotvPispLls yample pamgraipngpsinkecomprseBotithe following exdmplanisteps for
handl i n §£ MV 59A 2308 014 Fl and. 10 il l ustrat

exenpl a?tﬁ)aér%bgngeng%t 0 ﬁ\r/}grelgégé comb%grn%‘g%*e’gﬁ% entYISSS AT tey
shows a swhpnatherhiy, acklutiondeeing aficlaicayRlt ¢evdin maibe brevilidDiRto f|pR Wi ch

may . 20 have conprise exci.tati on frequency wthin the excitation
spect’r unk &P Mﬁ[l%%%%ﬂ%\{]ng l‘iﬁ 3%?%?‘@%1- bsegieitlyplid 74 ésteplasechupanrsafplem

si des orprép@afidn GhaR®bi @ Bhd Masth PRy igﬁ%@%g '}Tr]ﬂg geggélg pfﬁ)gpa?{(])e %%{g%g%flrﬁ \gllht‘l

emtted fromsource 530A as an excitation roug
col | i matpngssyalva Sl clos¢d andeplumds Aalva8a opbreto gidel the svashihg bafferdto WBtehasi-ngr at

| east i on. Fl t em ssion, f the at J.east one a

stati on SRR b op By vieling e rglts S5atly R AU ropo Abianst 3

542A and636 PBragerembinkigewasbitt bubfep HBRRIthé QAR %&b&gﬁéﬂ% gr@iaﬁﬁ Eﬁeﬁ‘ﬂ}:ﬂ &
an a [ Wo-

(PID). caontrolled thermal cycling assenbly 53 , | mensi ona
t r als| atf8rvastqIgsfaveB@ot shavan yat wade ekpmmeliddonvrounin the reudisipg beffeiSn t hen

to main u : . Fl schemati c bl ock di am of a
system ivﬁﬁﬁ] {(I:ﬁfse{%iﬁgml{ @géﬁn‘%hcl aﬁﬁsr#g?dz@‘?%ug]lelé}aaﬂc{%ﬂ%g% PPt on from
t he t op.fpdaisght } .ce. 530D an, .exci.tati on beam 30 passe

t hr ougE\ [%Mbsggr%n ?g(? eltrftﬁgltu E%%i‘%y%‘?isdﬂ %mfrﬁufﬁe}s?rac%slﬁ a'ﬁ!’%n %ﬁ%@%&%? Pﬂfi%@%?‘i‘)’isc
mirror Bbuatef clutivarbusier iskasoduted hitd skAfle pRpkfieS SIRMbR Bvsis ﬂﬁnéér‘?z??ve 3b

| east Qnedgisggﬁﬂst%gcion.ngs inaged to optical sensor 546 by opttcal
capt ur i AY® 85 &ORH] dpdchaminlet §60pFR oy vangair. Arpnay begprmersd iate septapkparation | ng
asseerbl ¥haasier &6 past M ARABIPAR HubRAS A iis&gtiﬁr% gcrgg%oijggt &%@W%%tﬁ%Ed tzgg

m crocontrol |l er subsystem 550 then to nmain conp
PCT/ SG08$-00F 4R seartion By tute{comprsigg 1, exm0ple atNITES Bulferghid fobgh@ase) afay een

lasers, pbERRald BRuoE 5o (Jialé%f{})fsnlet 86 and allowed to mix with the elution solution, now

contaiing nucleic acids, thus providing a sample fluid. In a final step, oil may be added into

9

sample preparation chamber 6 and/or inlet 86 and phnger valve 80 closed and plunger valve 81
25  open to conduct sample fluid having nucleic acid eluted and PCR mix to assay stations via
sample fluid channel 20. The sample fluid may also flow to at least one assay station via

capillary force, for example and not require the addition of air or liquid pressure.

[00156] The assay stations that may be utilized with the instant invention may have a variety of
configurations. In FIG 12, the assay station’s central portion is provided with flow promoting

30 structures. These may be comprised of a plurality of nodes 37. These exemplary structures
promotg even flow of sample fluid 56 into the assay chamber in order to prevent the formation of
bubbles within the assay chambers. Flow promoting structures may also be comprised of
columns and/or raised protuberances that may be formed upon substrate 36 or sealing layer 40 or

both. FIG 13 depicts fluid vent channels 110 that may be formed within second assay channel
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(CWor pulsed). Beamcollimator 532 is preferred to collimte the output
light fromlight source 530. The beamcollimator 532 can be a pi ano-convex
| ens, forwamsioseance, or it can also be a conbinati on ofPCI®GOR/A25Dpt i cal
conponents such as |lenses or lenses in conjunction with optical fiber.
After |ight passes through beamcollimator 532, it is filtered by filter
534 which provides 10 excitation wavel ength selection together with filter
544 conprise a pair of excitation and em ssion wavel ength band sel ectors
for der ttainduitﬂ,yiﬁesmhamhsr}plpeto divarosaagpiefitid sshkdt snayTdneer filid 4sesy sthidsh ©8n be a

si ngl e shor ass filter. having a cutoff wavel ength equal to peak

exci t at i%ﬂthl%/g@T”é’r‘?gcﬁ% questalsf@yg%.on é?e%Sé#eawreyl,bYaarr@er pPrdsh iy preyras ghef i | t er s
of the campidRiics, Whick Aokt i ) 3 re he
appl | od. ps IS, AL RRR R ARRs thd 1Rl 5B shiIb P Gikelihe bihe Bifrpe
wavel endpseesndassay shpmak24amidsbimomgveindibien sinplefluidneowly éstead fRRy infd &icher ence

filter wth .cen I vel ength equal .t eak em ssion wavel ength of the
daye. | 00Tt O PRI S Trsaltk shoeuid Poaf GB Sncehop e sy chs0m 2fent s,
a saop! evifHoRpBiikHlé tmagsea 78 may be provi ded upon substrate 36, in fluid
connection with sanple fluid channel 20. The sanple preparation area 78

may be qogm¥7h SEigul14RRbictCibofter %Hpﬂﬂ%ﬂ{éf a@%%g:%ﬁ%“ PRY. 06,300 ?/rCEli ey &f
type of assay to be run. Accordingly, one enbodi nment may COnpri S8V 14 |l e
pr epar atZdas adiaedvéto i6a bavelergpartiont1 2i Bewdédpdrisel HID movidesioe sempletisalagom
lid 74. Lid 74 ve fl.aw control | i | eprent. 82 i n_conmuni cation
¢ i neseiomd 34 Fioe o) ¥ Eonfirap S50 GRuna 2, Sretrermapetebispreiondito
recei ve magifoat s Seiduldvafastibalh FP, cotaetd A 0L Yih QR Factliild efirg QF w’cbﬁé]s _and
elution buffers, respectively, or one inlet nmay be provi ded t’hr ough whi ch
var ildus PliipwBosezhannet P2, Basigs WifReeireatedrmyorder to mpartideserad chracterisics,sph &

pr epar at.i | ei i.d . is0]lation copponent 79 may b

conpri sielg&m}) H(tam%g ()eﬂ%émg}?%dgb]%ﬁ%gntgmﬁgff%irma e s te%ﬁd’é ﬁ,marﬁ‘ﬁ%‘?’r'@giﬂ@t

parti cl exood meillipwposeehaimel 2Dis expasedlte thexpphkeDihtinBnt, ARhaE the HPALAIG Jrayer
ded with flex e portions, 90 that may be defornmed, for

40 be .. i L bl
ex agg%/e,cg%ﬂr/‘ ;%"Yﬁ’fﬁr@ F‘pﬁfcaﬁ?&"%tﬁﬁgfﬁ% &ay 1ot b gxpetly knid aitde coverovar sespndt i ng
or pl ungdsag cEmeNENi. ords fEXEERbpI{ddattaiNed % B sBilted3Q Féjx\gg Qgﬁﬁe\%; ogjtqf gd into

flexible portions 90 of sealing |layer, flow to channe e channel
84, 2Graysasend myrupesashanadl 33 Hviogwevel 312 proasles forinrinareastd ilerahdeofor the one

channel : e _enmhodi nen f .Fi | 1A and B, an
air pun%ﬂj;l 18%&%} &%ﬁ%‘gfaﬁégg WS E?rng 'Bﬁ’? ¥ &8¢ tgg[flf&’legayd’i‘ﬁ gfstrl?ﬁ?‘% 1989t erackq
a ?;% Is Qajo gn%eggf thy ceatihfinsdy etepplied oitbriked e aliicevibdhe 86cond 3dsaWeh@H D38 28Pnot
P 1 .

adversegr affect the flow, filling and eventual stoppage of sample fluid 56 into second assay

channel 24. Additionally, having such a beveled portion allows for improved flow of isolation-
25  medium 54 through second multipurpose channel 22, allowing for controlled and smooth

displacement of air in second multipurposé channel 22 and reduces the likelihood of bubble

formation that may occur as a result when second assay channel 24 and second multipurpose

channel 22 meet at a sharp corner, such as depicted in FIG 12 for example.

[00158] Figure 15 depicts yet another assay station 26 having an extended first assay channel
30 28. Inthis configuration, sample fluid 56 that flows into and fills such assay stations is not
subjected to the convective flow that may result in the flow of sample fluid from one assay
station to another as a result of heating said sample fluid within assay stations. This is due to the
long circuitous path provided by first assay channel 28, which results in the slowing of the flow

of sample fluid 56 out of said assay station and into the first multipurpose channel 30, for
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5 [001531 Furthernore, air punping of washing buffer and elution buffer may
be injected by "fish punmp” controlled by valves also. [00154) Typically,
sanpl e prwpasasizen may be conprised of the followi ng exenpiCarsgogvess for

t he enbodi nent shown in FIG 11 A and B. For exanple, if PCR
experinments/assays are to be run upon the chip, a solution having nucleic
acids therein may be provided into sanple 10 preparati on chanber 6 having
lid 74 renoved. Subsequently, lid 74 is replaced upon sanple preparation
chanfzer egamiptt. Vidsder pgtibulhif Rhctich doRtitieds) GatationtfRiGREP 6t Hlet PR M3édedro gEanber
6 wth pl unsg:r val ve 81 cl osed and plunger valve 80 open to guide the
washi ng assavfationgngdshanaels dkqan theimultipyrpgsesshennalds.pr essure or by vacuum for
exanpl e. Secondly, one nmay punp in air fromchip inlet 86 to purge

remai ni 801 hFigyrebiff depictd anothbe exénapleympht gpriacizn assayctiaivnet6, @harein an

channel 88 15 int ) reservaoi ot sho I,a. wast. hannel, 84 (or
Vacuum CREFIR O AoRFrLFod g phPay o pem L SinRer it AR S5ci d
bi ndi ng stRion Ve!ibituat@iifl aipdSitiah IAANEAEOP@Rben/Pfirst 1R0kSdd MbltublRyse tRarBLLt ©
nucl ei ¢ acids fromnucleic acid isolation conponent 79, a preéscribed

anpufit @hd ¢y gtihud commpaication thateweidi dEade.ifnstongiimpirose ceaaekbiG kes intemaber 6
wth pl V, I nd.chip.nlef 86 0pen to.vent air.

A oy SRS Bkt SRl 6 ARG S ek Bl eR BB e e

el uent whultipwposeichaset 22 &iaf iasoh Ay l@pheIOPORRD chafSctafdicithdtds Ghradnehcive®. A
PCR react i(ﬁg mxture (go,rrpri si.ng for_exanple, dNTPs, buffer and pol ynerase)
may t heRondghctign & sprprie Hpidithersthaeyal: e forcas/anfage Pharagtersticants sHPRSfRAPEhGO i X

with N Wi QB RR) 44 il oralPiin GMAL UdiBn BHChRL Bl thaliiS2PARVILIL00 2
sanpl e urd. Tna final step, ol may be added i1nto sanple preparation
chanper wellasdioothemthennds maythayt othge exenaplary c8ffigiratied sactdaspiriangydar, vhipye 81
25 open to. conduct sanple .flyid havi nucl ei.c aci.d eluted .and PCR.mx to
nosay. oaid IGRRE e SBRont sont BNl Soion SionBroeRici e OF5o 1| ow
to at | grst-s@Rnalsshape.Station via capillary force, for exanple and not
require the addition of air or liquid pressure. [001561 The assay stations

that mi}i)(ﬁ%ﬂ}—'tme' &8od b detddig ARSARYr abRVER I8 HisKBY dRENE o MGt hYinPntio
configurations. In FIG 12, the assay station's central portion I's provi (riled
wi th fl eemprisnsdhe fedlogtesaxenplagy stsps. Thdest samle bEwbelehlomle orakamplst fromlant y of
nod 37.. Thes LY..8Lr ronmote even flow of sanmple fluid 56
ot 20 ¢ n@imel S E RO A ok BlebL Bt R e BT, Rackiehg s tlin o B ERa e kict 10 i

t he assapythasbersiteddtdeuspoensita spgcific prsHelnd Priffy(s R lafid edvh BeVtdtads afied.

col ums_and/ or r‘?i sed g?rlﬁ‘&uber a'nc?s that . may be fornmed upon substrate 36 or
seal | ngSP A& 154 1G5t onsoi: PEpks 2ps/Qfgpinear dn #lf of e puny sieaphet en ¢hip 108at may
be for gkl RaSGERNGbnBISCH IERPHRErobe or primer (some assays, for example, FRET,

requires two primers and 1 or 2 fluorescent dye-labeled probes).

25 [00161] A quantity of the test sample whole blood obtéined from the subject is provided onto
the device by e.g. injection. The quantity of blood sample applied to the device can be
determined by the skilled artisan based on the number of assay stations to be filled. But in
general, the amount of blood applied will be sufficient to completely fill the assay stations
provided on the chip. Typically, about 0.01 ul to about 10 m! of sample will be sufficient to carry

30  out the methods of the present invention. By “application” or “applied” is meant that the sample
is provided to the device by conventional means including injection, electro-osmosis,

pressurization, or vacuum means.

[00162] A gas and/or fluid is injected into sample preparation chamber 6 via test sample inlet 2

exclusively with buffer inlet 4 closed, or else with buffer inlet 4 initially open until buffer inlet 4
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-38 WD 03/035229 PCT/ S&2/00251 5 conduit. These channels help to divert
sanple fluid 56 that may enter the assay station too quickly and run al ong
si des assw9 oswai2eon 26, as depicted by arrows. I n order t®@Cprs&ozni2st he
sanple fluid 56, which nmay run along the sides of assay station 26, from
neeting at the entrance to second assay channel 24 and form ng a bubbl e,
sanple fluid would instead flow into second assay channel 24 while a

| aggi ng sanple fluid front, so to speak, would fill in assay station 26 10

wi t haut ibaHbd, exffeo wiihiibie clo[s&i) iepirgbtigletickdnd®p eaitsinigatieased DA Gh sledileDf
assay station 26. Here, second assay channel 24 has adgacent toit a

bevel ed 398 pusthebpsier mis e %@p%@h%mbﬁ 1212nd spmpleirdy Tifl ghamberpl 2e thxampdtsaafi on-
medi um 54 4d Anhy&%g& sﬁﬁ;%?é‘f& %@ﬁlamgﬂogiﬁg g{eoé}ﬂ%veﬁgon %hﬁﬁsg%n Ledue! idfhed

bubbl e formation orm- as Ws “pas corners

ease of tomiudabirndionide, rEﬂrdS@h argbn, m@@m@@ﬂ@hqmmﬂﬂc@uﬂp@\sﬂow bﬁdﬂﬂnﬁing&?ulbﬂEPF} S
surface treated |n order, to_ jnpart desired characteristics, such as

hydr ophdbriamber 164 then seleased ngo et 42ty prengiffysipa phangolsrl 4s [NA capteimed i n
a ner, S I A

apgﬁ Ped trﬁgg%kngga’fsas ch aég) Weﬁdgggﬁ?ggwgw ﬁl&%%a{?) ﬁfﬁp&l—%ﬁ%@@% ,E’Ql%ose

appl i catchameb80,tfirst asemkstatmy chatneb28 exdadshy sthdmédut to cover over second
assay channel 24 in order for the applied treatnent to be restricted to

bei ng af@oticadl Dind Jigital cAblemealettctithé tipwriesallahamig) stdonsdviraglieeyel 112
provi. de%tnt_for an]él ncreased_t ol erangﬁlrfor the application of the surface
treat ne Womediumsyfis ipcted throyghent flepst ong of poxthdd, h§drtojchannsls 3 and

sone of ziztﬂ@ﬁﬂgﬁﬁl'l%rﬁaﬁ piBoRRIALAGRA. &%ﬂe t??lsgfa%?n gﬁhﬁm&gﬁpﬁu ﬁ)pgmsay

channel 24 an adversel y affect ng and eve tua
st oppageilgphasechirgitg plagicsehérmally semblebodgsayliquih annkda-ddet @d) curabial | y,

havi ng such a bevel r | | ows for oved fl ow of soI t|o 2
nedi um gﬁf Giagi- ﬁgo’ﬁ% ﬁ?JWF WS%HS@E%%W‘J[ tempgratygia ‘bvef P%ﬁ?ﬁ Eol | ed
and srm«)tarpremaaﬁa ABQOEME cBib 180 s inhnSRCRBEMBM! df 2R UIcPRSE tepkiRRASe. 2Epiddlf,
reduces the |ikelihood of bubble formation that may occur as a resul't when

second ¥&enihedpelghen medingys wagctha avamis Piediseisdde 2 patigniaelenperatires singe s shar p
cor ner, nﬁﬂﬁﬁ’n ARe daRld6LEbt hgwﬂ% s }ﬁhé BiasE X AW Cor, SHAMRALAL IR FrehmallTRUSL S

yet another assay station assay C anne
I n 2hi sambdMi cguabit: reiny ars anjquad ’sﬂawaﬂa%omhahpérhmmandnhaeﬁmjﬂmd thatesisie Idoassay'
stations s not econv ctive flow

t t h th
Pl o of Ratrpafted preieating it i Sons SPATEHSR bk O Rlsr TRL s e fo P
heat i Nnga&odtding &MBhdvid mbthddsVSede.B. Asady¥l &lLatldRRst Prbfictls it MbiSallR BibR oy,

Greene Publishing Associates and Wiley-Interscience, John Wiley & Sons, New York, 1995,

incorporated herein by reference. Following DNA amplification, at least a portion of the device
25  isilluminated by an excitation light source having a wavelength spectrum required to excite the
fluorescent dye, e.g. fluorescein, contained in each assay station 26. When the illumination is
performed, camera 32 detects the fluorescent emission images from each assay station 26. The
fluorescent emission images are analyzed for: fluorescent emission intensity at the location of
each assay station 26, shape and location of the fluorescent image and the emission intensity of

30 the image in each assay station.

[00164] The main components of the analyzer are the fluorescent emission detection camera
and the related optics which are available commercially, for example, from Hamamatsu, 325-6,
Sunayama-cho, Hamamatsu City, Shizhoka Pref., 430-8587, Japan. The camera and the optics

system are installed in an enclosure together with a liquid handling system for liquid / sample
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| ong circuitous path provided by first assay channel 28, which results in
the slowng of the flow of sanple fluid 56 out of said assay station and
into the Worosi3sm¢ ti pur pose channel 30, for -39 WO 03/ 035229/S8QT0@SD2/ 00251
5 exanple. Under particular reaction conditions, isolation fluid my not
even be needed to seal assay station and channels fromthe nulti purpose
channel s. [00159] Figure 16 depicts another exenplary configuration of an
assay station 26, wherein an arrangenent of at least first and second

nul ti5 puipasienc fTho aedlyzdr alsp imhidde d terAperhitasdon@Esy8Ray petfbah tRAmabeycling
situated in, a ﬁgi%éion Lfterne iate between a first ang second nul t'i pur pose
channel sTea¥fed il H(R pmpkticatign ebRPNMMOlchlsh therewith. Here, first multi

pur pose channel 30 has internal surface characteristics conducive to
conduct i 91631 EXAMBLE f1 uid therethrough while second nultipurpose
channel 22 may have a hydrophobi c surface characteristic that is not

conduci vE0#66] dontkeniplay method afprepafihgiiie shingleaind e@tsghing DICA fiome ge/tsstr f ace

characteristics,are, str nough to  repel sample fluid 56, and retain it

in the assaéréf{%e lsstlgfl?t@ﬁedlz‘é%%gﬁ'ﬂ}" pmple: & %‘l?léf ustraied ipBigsak415 wel | as

t he ot he npel s, . may have ot her exenplary configurations such as
@Pffg@ Bfe(!?s]e Injeating g

tri aH)guI éﬁﬁ%l-ef ype cross-sectional configurations in
addition to circular, semcircular or other cross-sectional shape. [00160]

The met H981GH Sample; fos gxamelestestsamalesess whglettheodis knjesteddinememlof t he

present | [ ! f.ol -Ng. ex | teps, A _.test, sanple
o ahol &"BY e anBFBUER shilfic il & S RCim R ROR u s Bieta be AgtiF <o) oo
Bef or e ttheanasadlyas jressadedtionseipillasy pirhping Ot vabus Bidtiodl @y V&Ruka9 coftiBaMEy
deposited at lg%?t one ﬁf a %pecifi c probe and priner(s), and each assay
stati on §°€cigigddsiow ggss blaeke3t)s at | east one DNA probe and/or priner in all
of the assay. stations 26 gn chip 100. Each assay station 26 contains at
| eas't oﬂgoﬁd)b%teﬂlzt prsgrof celsrpmd birding;of PHA axperpiseglassiiork 31r equi res two
primers and | or 2 fluorescent dye-|abel ed probes). 25 [001'61] A quantity
of the tlB&L70Fqpll bysinedtudiepisdaigctod inip naniple pospatatien Shdpleec 6 viis indet dv i@ dlysingo

the devi iDjs €GHd tity of d | lied to th
tovi co. (SRe] Yy Boul0a Sl B whlid el o IR e Rl ot
assay stvdtiiearls,tandbecdmé suspendBiliin ihe lysyenRidr cohtiRied FDARIp1OprepAraOsh anphtied

will be sufficient to conpletely fill the assay stations provided on the
chip. Typically, about 0.01 ul to about 10 ml of sanple will be sufficient

to carry. 3 ut the t hods of. t he present invention. By "application" or
" apﬁpi eiﬂﬂllggf n(éxé%?xa(t;gl& olftg% cel hfﬁqng b?lffer contemplated by tpe pres{:nt inF\)fgntion is:

(1) For lysing of red blood cells (Buffer A):

(i)  4.15g of NH4Cl dissolved in 500m] of water and Tris-HCl adjusted to pH 7.2.

(i) Make a separate stock by dissolving 2.06g of Tris base into 100ml water adjusted
topH 7.2 '

25 Mix (1) and (ii) in the volumetric ratio of 9:1

(2)  For lysing of white blood cells (Buffer B): 6M GuSCN (guadinine isothiocyanate)
and 10mM EDTA |

[00172] The above buffers “A” and “B” can be added together or in sequence “A” before “B”

or “B” before “A”,

30 [00173] Another lysing buffer contemplated by the present invention is:
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is provided to the device by conventional neans including injection,

el ectro-osnosis, pressurization, or vacuum neans. [00162] A gas and/or
fluid is wojososed i nto sanpl e preparati on chanber 6 via test/Ssappi2siinl et 2
exclusively with buffer inlet 4 closed, or else with buffer inlet 4
initially open until buffer inlet 4 -40 WD 03/035229 PCT/ S&02/00251 5 is
filled, after which it is closed, to purge the elution buffer containing
rel eased DNA nol ecul es and push the buffer into an enpty chanber 12 and

conplset g0g174i ! 1 patafbe¥ Trdon ExRODHige &f 10 pasARIRM TuHdiybeaiiapt t abl e for
the nethods of the present invention include, but are not limted to air,

car bon divésdchloridg) @nég@MTEr@éﬁ Tor a purging liquid like oil. A flow
pronoting fluid (FPF) in chanber 16 is then rel eased into chanber 12

t hr ough [09¥75) sbample leamaled be tixedDhith kysing duffedbeloreibeidpuffeeted (movamplep! e
fluid W|IIfJOW|n el 2 nd fyrther flowinto first ur pose
chann?al artion cham %raih@fe;lty e&ﬁ”ﬁ%ﬂ%@ sargple (fpesibenyith thelygng g#ferkm?mgl
The di glsmbleqﬁé@&aam%?chd&b@ﬁé B shdl@d throRgihR 1Ak 'blotcla%l 28 BYthe LBLdrHtith BPuR

filled b buffer. Isolation mediumb54 is injected through at |east one of
por t1§ 44bsoteent Aty bytvapuien.s Waen dredysedzamplet Peskep throhigh theelass btqcban,daw

i LR T D R i

(W)  cubnieks1pab yerbility Golbitract INCAicdflailed @ satBpleum remai ns at an el evat ed
t enperature above about 100C via preheating and/or the chip 100 is in an

envi r onpgyt76Pimafdebs (@ RAbIRPRR HAUhE vaclvBI ﬁ@éﬂslﬁescr%@ Bbdva&o Eﬁﬁltﬁé 1y38d

mediumis wax, the wax is pre-heated to a particul ar tenperat si'nce a
medi um FaRele aas l)@é%b‘ﬁfﬂ throygh the glass blaski3d, %é@l@mwmqmm applied:i al s

l'i kgsthep resin are in stat at..a.room
terrper a u@eaﬁggﬁggg% or € '(tjdn(lgﬁséttagér%[ae? %F‘?g}’s Sﬁ%ngerpl?nq"é%ﬂgf’%% dnl?jsmﬁl I
assay sbafférotisomhethpbhckd1ionekcitdiosmadis pyapiap. and subj ected to PCR
according to known nethods. See e.g. Ausubel et al. Current Protocols in

Mol ecul gmmvp T \slass GlorR3e chlbisd 5O tdplhchs B9 GHRE BfterRedi N RIS LIS HbENGSE:
John W & Sons, New York, 1995, mcorBorat ed herein by reference.

Fol | owi Pigflesswelassiavidessapprrglasymedia sugh a5 qsploso Abesfmather rargmetie paticles with
i 11 uni nat.aeh QieRBs @%&@pp@& loldfes Seg&" Phe Qﬁg@ 816ciés MOV SU Do fiRGGL rum

required to excite |'uor escent torescern, contalred in
each0 assagbigstim @ifilRe medie rﬁheﬁB\IAlalttmutmamanhamsn opelief ﬁiltdfﬁﬁbdlﬂ?@iﬂi&fe&n:ﬂ?e

detects,.t he f uor es ent |on i mages fr e t n 26. The
T or ety SRR et Sk e S i oF PR B Sl Oy e
i nt ensi imdnéiﬁxhkdﬁﬁoﬂt@%ﬁl% n®fdia.

[00178] Step 3. Washing the chamber 2 and glass block 31

[00179] Washing buffer is injected to sample preparation chamber 6 via buffer inlet 4, and

25  washing buffer is pulled through the glass block 31 due to the absorption by the absorbent 5 or
by vacuum. Under the flow of the washing buffer, the DNA molecules bound to the glass block
31 still remain, while all other substances including cell debris or proteins in sample preparation
chamber 6 and glass block 31 flow through to a waste drain, which can be the absorbent 5 itself,
underneath the glass block 31. At the end of this washing step, only isolated DNA molecules are

30  collected for subsequent use.

[00180] One example of washing buffer contemplated by the present invention is
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each assay station 26, shape and | ocation of the fluorescent inage and the
em ssion intensity of 30 the inmage in each assay station. [001641 The nmain
conmponentwoB/083229 anal yzer are the fluorescent em ssion deCFSGIN2SANESr
and the related optics which are available commercially, for exanple, from
Hamamat su, 325-6, Sunayama-cho, Hamamatsu City, Shizhoka Pref., 430-8587,
Japan. The canera and the optics systemare installed in an encl osure
together with a liquid handling systemfor liquid / sanple -41 WO

03/ 03522P0Ke1]/ SENAMON26I 26 mM| RristHOD SmMEDT| st pHlof eiktafd todess Bilute
tenperature contr systemto performthermal cyclin required for PCR
anpl i fi CAEYH Wﬂﬁh fg%&eﬁw%lda Hassvolymeyiig satiopntanirf keg: @éfig%rpl gthanok gni0mly et hod
of prepaimg). t AR TS %ﬂ%&&ﬁ&{{ @gb%h L '

i1l ustrat edg)i n the ;%sﬁg%i ng exanp I"l)elt&ltgcelx m{%@%%l&ﬁlﬁ/ﬁ%tﬁ@l?é?%ﬁ?(%pgo | 813 1-4:
10 [001 e -1 nj ' he sampl e: [00168] Sanpl e, .for exanpl e,

test s aﬁ@%ﬁ? eﬂlga?dd\l/;[}]%{ tgctﬁ% %%‘8§F),tf%}l Zm?ﬁ’eé@{; %‘Hn F}?f%s fegﬁ%l?eg abgyei9hest

chanber Gasiting Hugkt tisongH deighisebloek 3 Thige folioRGid @Barisitah Biss be bliedaPodiBve
achi eved by . neans such as pressurization, capillary punB| ng, or  vacuum

suct {%n Rressyraeatiomsieh suhtesrneigied|oyy? sysegepunp P panpibegvashingbuffekthamgh the

[ 00169] 1pb&s 1201 rdbfdol -(i)%!”] nd bi nding of DNA on porous glass bl ock 31
[ 001701 Ce%l Iyrsﬁgog% Ha |sp|§n ‘ected into sanple preparation -chanber 6

via inl QPIWS%J ﬁitﬂ%ﬁ%fff&}@gﬁ@?cg? h red cells and white cells in

sanpl e l'ecul'es”are re mthe white cells, and becone

suspend 1) t | ysi ffer.contained in.s ] e preparation chanber 6.
20° [ 001 1091 Bz s plop &1 e e vlgion e er s cuR e pras et lpgrephgion
present chitbetd WA busfer inlet ¥ thGilly dcSipBsAiplé BRpRlaBOE ciefhies 6( B droingM : (1)
4.15g of NH4ACL1 dissolved in 500nml of water and Tris-HCl adjustédto pH 7. 2.

(i i )13 vawerfarmeshby methods sidk ap payra doiing eigby2elowiingftheramsictidempératuce or 0t

wat er adj : X | Li)ein the volumetric rat.ig. of

o1 (2) EaFb e, The BFvife Auraiph Wilbalt tordR B Wik U O SR et et

i sot hi ooy teatwjon buffer can also be performed by injecting the buffer into the sample preparation
chamber 6 through the glass block 31 ("bottom up”, i.e., injected in the upward direction through
the glass block 31).

20 [00185] The elution buffer is capable of releasing attracted DNA molecules from glass block
31, and the DNA molecules released become suspended in the elution buffer contained in sample
preparation chamber 6 above the glass block 31. One example of the elution buffer is autoclaved

water. Another example of the elution buffer is 10mM TE at pH 8.4.

[00186] To enhance the elution efficiency, a vibrating actuator 34 presses diaphragm 48 to
25  agitate the elution buffer in the sample preparation chamber 6 and glass block 31 to allow more

DNA molecules to leave the glass block 31 and enter the elution buffer.

[00187] The present invention also contemplates soaking the glass block 31 in elution buffer

for about five minutes.

[00188] The elution buffer can contain, or be added with other chemicals for subsequent
30  analysis, (such additional chemicals can be added by premixing such chemicals with the elution
buffer, then by adding the mixture to sample preparation chamber 6 subsequently via test sample
' inlet 2 and/or buffer inlet 4). Additional chemicals contemplated include the enzymes for DNA

amplification, fluorescent dye for fluorescent detection of DNA molecules based on principle of
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and | OrM EDTA [00172] The above buffers "A" and "B" can be added toget her
or in sequence "A" before "B" or "B" before "A'. 30 [00173] Another |ysing
buf f er cowDenjpbzzeed by the present invention is: -42 WO 08TGEH2ARS1

PCT/ SG02/ 00251 5 [00174] 1 part of 10% Triton X-100, dilute to 10 parts
usi ng 6M GQuHC (guadi ni ne hydrochloride) (in 10mMM TE, pH 6.7). [00175]
Sanpl e can also be mxed with Iysing buffer before being injected into
sanpl e preparation chanber 6. The |ysed whol e bl ood sanple (together with

t he | §si digodesdehes §nergy resamgabetrmisfd FRETYITaq oBhé BlotdealeedydidithQuad, t he
the_10 absorbent 5 or by vacuum

gl ass bl qck 31.d t }Ig&ge absorptjon b

When the%PVE‘é’gp%ﬁbl@ LHga® HWBE@ al’tﬁ;éb‘?ﬂ&é?sﬂﬂgm OR), argNMoleppeBedces, i n
the |ysedysaRltRerh8m 0t - K Eqp sj.ncert he
glass block”31 has t%%&ggﬁl?l?etdytt}?] 8 at rﬁg%f %ﬁ%éﬁ %?‘iﬂe@l“?eﬁ“%nz eﬁege.lort'ggiem]
I'n addi t inpetibo int thés siersmapbe achieved thﬂaeglvplebﬂlmzﬂﬂﬁﬁﬂﬁaﬁli@?rphb%dlga@l\a@mt 0 pass
the |ysed .saﬁl e and lysing buffer through the glass block 31, the

fol | owi niHE8% S can al so be applied: 15 positive pressurization, such as
that generated by a syringe punp, to punp the sanple and |ysing buffer

t hr oug h ‘Wé&ﬁ | oldie agoust OE%BEW butgashayld fllyrqsicney the cample|prepaeatigh sbambirdcio 31
can al sogbent eRkiaaSds t ' r ba i ind. gl fisber jmat or
floss, glass pofge?s,fgyn%a%-rg aggé}rrlltlle iogﬁgg%l fzgg’éqlsgmglfﬁér S?‘Pﬁfﬁh%?
nmagnet i cexpels ¢ valve§, thieehitionrbaéfee confiicdde sarhpledidpasdtion Bhifinba|6atuvih g $his €t C.
The gl ass _block, 31 can al so be nmade of a 20 conbination of filter nedia.
The DNA FTHYESTBn nechanismon the filter nedia can be in the form of,

for exanple electrostatic attraction or attraction of DNA to ot her
mol ecul e "'g?"é- Alhsiderts shoaldl bsnarda therevertithe elwion huffpriam gjovaige putside Wies hi ng

the ghanfiglidofimd cBhabS PLRek | ASNRULEBR L Se L Dikest.ed, to
sanpl e prepazli'rgtior? c’1anbérS 6 3?%%8%1?355%#%%?? ) and&é’%c%ss °f%é’S%ﬂFP%r S
pul | ed tamelysigh (Infrertiguda sinbiharienBdppliveiohof theatatbbont stonlidbe dvoRle@psor bent 5
or by vacuum Under the flow of the washing buffer, the DNA nol ecul es

bound t d061d] gTasshimoedhke siBdadatatd df DMeABRIIecudsi iht® thé Enthé h@lﬁlﬁﬁlﬁgﬂieaﬂﬁﬁﬁxd
I ncl udi ng_.cell, debris rateins .in, sa e preparatjon chanber 6 an
gl ass blrtglg% g ‘PP&EAF‘W?‘%%E?&%‘ ‘E@}S‘%égtf%‘ %?‘g‘? P%Woéﬂ?ui?aﬁl bydferribe fhlovringnt 5

i tsel f, methods can be used in the alternative: agitating buffer by actuator 34 acting on diaphragm 48,

20  asdescribed above; applying a vibrator to shake the entire substrate 36 (chip) at one or more than
one vibration frequencies, especially at a resonant frequency of (1) the entire chip, and (2) the
mass of the elution buffer contained in sample preparation chamber 6; heating the buffer
contained in sample preparation chamber 6 non-uniformly to generate a thermal-gradient
induced flow, or forced convection flow, of the buffer inside sample preparation chamber 6;

25  adding surfactant to the buffer contained in sample preparation chamber 6 to help to release the
DNA molecules from the glass block 31; or adding magnetic beads or ﬁbers into buffer and
using an electro-magnetic actuator to agitate the buffer to help to release the DNA from the glass
block 31.

[00192] In all of the above steps, test sample inlet 2 and buffer inlet 4 can be used
30  interchangeably, or a single port (i.e. test sample inlet 2 or buffer inlet 4) can be employed to

. conduct the methods of the present invention.

[00193] While the description has been generally directed to PCR and other ampliﬁcaﬁon
assays, the invention is by no means so limited. The apparatus and methods of the present

invention may also be utilized to conduct a plethora of various assays, including homogeneous

45-



underneath the gl ass block 31. At the end of this washing step, only

i sol ated DNA nol ecules are 30 collected for subsequent use. [00180] One
exanpl e ovowasbizey buffer contenplated by the present i nveaTisSeo2i®st-43 WO
03/ 035229 PCT/ SA2/ 00251 5 [00181] 200mM Nad, 20 nM Tris-HC, 5nM EDTA,
adjust pH of mxture to 7.5. Dilute mxture with 95% ethanol in the
volunetric ratio of 1:1.4 (eg: add 40mL ethanol to 100m buffer). Another
washi ng buffer contenplated by the present invention is 80% i sopropanol .
[00182] aksayadHoimbgenebas 4598y satdsiol piay ®8 parfctnied @n\Ae chipchl BAGivitRaE Giito Benarave
to pass the _washing buffer through the glass block_31, the follow ng neans

can al s&alsgonssPNeYRNSY Aptampss ruclsicesid hasedls Frotein/artibody besedtangeplbbasedd by a

syringe

Shi f : bl ock 31
ol cot 1o SR  PRerf o WS orls o b BIBY BHGh TR From glass. bl ock 31
00184 t Lock 31 is dried, .the elution buffer is injected

i[ nt oI s!ar@f 1599%2) rI?ng\g‘gmﬁ/ Appéﬂg%_glzuc d;?/ P‘ﬁa E%ﬁcfl)eineﬁ’?dléghi’ Rrgw‘fga F‘?‘{/bﬁg{;ﬁiﬂﬁ) {)E

sanpl e ARRETA! foPEkalhIT IR 1RBEY if@the S 6TBsH such as
napﬁr al dryi neg’ or by el evaft:i@r?ét; e a%bﬂi%nt .ts.e?rstea?gtﬂ%e or %lg/mt?gt gcilr

bl owP ng Immipbiliratiomef # igast onsrieacfion campynenhibin 4t desst epefassaystationdean dsa f ew
m nut es, I i ] Utk e rf d.b .

nj ect i R PHE St PRamBle, bl A NGl oER: Bibrpfesl ShBITRHG Bpesetien

gl ass birdedse SDNA' RN AMeR ECR réaction njieatedthinug grivgers! pdipdbel) 8¢ theOihdloir ough

the glass block 31). 20 [00185] The elution buffer is capable of releasing
attract EHXtBR?GﬁW’@ fheassy siah Sd‘é‘é%%?tmtl parposechanpg] SOrgshammelsc Ypez re-

rel ease Lot R8s i fer i e e
fly REGONRe SHARR ARG rbks ﬂ&ﬂéﬁ?ﬂ)df@ iHQ?B p@f{?)o? -If %‘%&ﬁ@ﬂ,@ﬁ-ﬂ’e@ko %Qtﬁ?g ol uti on

preparation chanber 6 above the ass bl ock e exanp
buf f&r Dstegtiowef produtts way be comlvotedry, axiaop limitofl to, wiilieingtiluorestaricé exsonanct0nM

TE at pH 8.4 0 Q_enhance the.elution effi.cie vibrat ]

act uat of 3% B?’%g%igﬁd;ﬂgﬁﬂ&%ﬁ?&g AP %gecﬁgﬁl,t%pgm@ﬂ@og#&%’l}%ﬁy%&%e& tﬁﬁ t he
sanpl e pée@RnairiotRer hedhiaiorHPactGredd Sk TODO Kys Farhily &b! P¥o O POPOONBOBO- -

nol ecules to | eave the glass hlock 31 and enter the elution buffer. [00187]

The pr ebbior exavRlptReskrtimedsta i marANA amplifipatigniin eolipciedslupng sachayclerand

el uti onghpt a"""ﬁﬁ‘["ﬁgwﬁﬁ%ye m nutes. [00188] The elution buffer can
contain, or be added with other chem cals for subsequent

20  [00195] Inexemplary DNA based assays, amplification and detection methodologies may

comprise PCR, isothermal amplification methods e.g. nucleic acid strand-based amplification
(NASBA), strand displacement amplification (SDA), etc, as well as ligase chain reaction (LCR),
rolling circle amplification and ligation, etc., using FRET, molecular beacon, etc. as described

above.

25 [00196] All of the following assays that may be conducted in accordance with the teachings of

the present invention are meant to be exemplary and non-limiting.
[00197] DNA Based Assays

[00198] Example 1: PCR assay with Sybrgreen in assay stations (diametet ~0.5 - Imm), chip

thickness ~ 2mm:

30 [00199] PCR mix: 1ul of 10X Pt Taq polymerae buffer, 0.8ul of 25mM MgCl,, 1ul each of
10uM stock Trytophan hydroxylase, Forward primer (5'-TGT GTT AGC CAT TAT GAT TA -
3") and reverse primer (5'- CTG GAA TAC AAG CTT TAT GCA G - 3"), 1ul of 2mM dNTPs,
lul of 10ng/ul human genomic DNA, 0.5ul of 10%BSA, 0.5ul of 60X SybrGreen, 1ul of 5u/ul
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30 analysis, (such additional chemnicals can be added by prem xi ng such
chemcals with the elution buffer, then by adding the mxture to sanple

pr epar at iwp osloastber 6 subsequently via test sanple inletP2Tdad2/on2sbuffer
inlet 4). Additional chem cals contenplated include the enzynes for DNA
anplification, fluorescent dye for fluorescent detection of DNA nol ecul es
based on principle of -44 WD 03/035229 PCT/ S&2/00251 5 fl uorescence
energy resonance transfer (FRET), TagMan(r) (Roche Mol ecul ar ‘Systens, Inc.,
Sonef vi Plaginunileg Pelyprerayecmd (2:3ul (Wetdir e buthe corabibs aboveccompnegnare tBRyamand
Mol ecul ar Betﬁcon i.nd a1 ot her chem cals required to perform DNA

anpl i f i SEPHRECAHIP ?%8?3%155&}‘7?' detection. The injection in this step may

be achi ev t bhrough pressuri zatign, .capillary p i Ng, .vacuy suction,
etc. 1ofq0§g‘118 Jetealipsmo: serdiodk rdﬁmb&rﬂfcgfz%é RHOT & T 4995 e u&;?_s‘%%lcg anpl e
prepar aghoph B6PC 6. 530n, 118l foh&eLIpeiR Q8 Rielif G MPAPCREAGHOE eﬂéP'I@- of

t he channel 10, 'as shown in FIG 1. Since there exists a valve 8, the

el ut i on2@)fWidrani is-sére FdRaght modalepAgerdt(@hahatchipr 00 vavbbseréeddundemagleiba s

oper at i tep. 001901 All ,effort houl d be de to pr nt. the elution
Rt Tl A R o A A A S S AR S I A
woul d Cﬁ)‘r'%%iﬁahi%]ajg@%%tﬁfe. PhidrdrnliesiovRa Pﬁﬁﬁvéaﬁﬁlﬁ%&ﬁﬁh of Bfkahy top(m&u@

particul ar, i nadvertent application of the absorbent 5 shoul d bé avoi ded).
[ 00191 1hyrwoaiitsa igere fragmeryee gompated tofonphlreagsiamsul es into the entire vol une
of the elution buffer and to enhance the uniformdistribution of the DNA
mol ecul #9201 Bufmple 2:tHER -FBHTodkitengion pEthh 338 Rk ghee fremdPlesiodrersal t er nat i ve:

agitati ffer actuat o 4.acting on di aphragm 48, as descyiped
Sbove:  Sirstides ipERetilye bocteiibl Bt BN RHE e e e by Lo Site
Or {®r eEHORM. YRRER M catle Real- TREVPOR] WIStho@SRRCAPPlichtiahs, MERSRRantiFR@HENCY
of (1) the entire chip, and (2) the nass of the elution buffer contained

i n sanpinalysisePaReis¢hd st-chdhbe). Springeapr Hj-1He buffer contained in sanple
preparation chanber 6 non-uniformy to generate a thernmal-gradient induced -
flow, of002@¥ cBdRauiny beltafdAXf Planunn iTaq hetldsul vl of 2 iddd Psabrpilecagh efphdd i on

chanber_6; 25 addi. rf [ ' aml. e ,
pr epar AT nf%c aéggg{r}%é%#()‘ls‘hﬁgﬁ gglaico%reg} (Iggl(s:te&| %?AW%?Z% IIeéggrfS %rrlﬁn e gl ass
bl ock 33TG TCT €ddi GGATEYGCAC -BOatid oft 2buMetteck fhiopedoetitippsbea§t LARdd6g0 an
el el [ SAIRIEL) Co RELNRLEN, AR 8G Er WL L ot Bl Gl 8T e O
1.6ul of 25mM Mgcl2, 1ul of 10X Sybrgreen, 0.1ul of Su/ul Platinum taq, 1.2ul of water and
1,5ul of sample containing P. shigelloides DNA.

[00203] PCR conditions Hot start: 95°C-1min, 70cycles of 90°C — 0 sec, 70°C- 4sec, 72°C —

5sec.

25  [00204] Single Nucleotide Polymorphism (SNP) detection; Allele-specific PCR, dye-labeled
oligonucleotide ligation (DOL), PCR-OLA-FRET (oligonucleotide ligation assay), LCR-OLA-
FRET, allele specific Tagman assay, etc.

[00205] Example 3: Dye-labeled oligonucleotide ligation (DOL) assay is an assay that usés
PCR to amplify the DNA sequence and then post-PCR SNP detection using OLA or

0 oligonucleotide ligation assay with FRET (PCR-OLA-FRET). The OLA assay uses 3 probes to
detect a SNP, one common donor probe is labeled with FAM (5-carboxy-fluorescein), and the
other allele-specific acceptor probe labeled with either ROX (6-carboxy-X-rhodamine) or
TAMRA (N,N,N8,N8-tetramethyl-6-carboxyrhodamine). Thermostable ligase was used to
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[001921 In all of the above steps, test sanple inlet 2 and buffer inlet 4
can be used 30 interchangeably, or a single port (i.e. test sanple inlet 2
or bufferworB®ss249 can be enployed to conduct the net hodecafsGnbveo2st esent

i nvention. [001931 While the description has been generally directed to PCR
and other anplification assays, the invention is by no neans so |limted.
The apparatus and net hods of the present invention may also be utilized to
conduct a plethora of various assa¥§, i ncl udi ng_honpgeneous -45 WO

03/ 035 digrparrtsbobyegp 25nateh axwismatchiyisgtdeddbe dsefdhe agspionpiohy. rference:

f v ' hY] N 3 | t i es:
N R AR e D Fh g R A2 MR 051 ol o ant 1 body based and cel |
b d I t jded bel ow. ..[,0Q1941
T o BRARL PR PR Rt Eraddr sa CERR Eboc MBS brrgre aRtigienes i n
QA X Tetefthhssen®. EreAiRh&@s al® &bé@@&ﬂe‘i‘%ﬁm&‘éé% {HRtaGsal RRtiBSSAN thE BN ANS
26 and then lyophilized.” 10 I mmobilization of at | east one reaction

conponeinm wample prep pdrbers wap mdused dalg thet assdyotiatinay vid the varcanyghinzels desgribed
exanpl e Oi mmobi | i zati on onto beads, gels or nenbranes. Sanple fluid
pre&graeg)ﬂf)en rel eases DNA or RNA into a PCR reaction m xture (m nus priners

i P P CReArn gl o R b B RGeS st Abl kg™
probes Rpapt | GhBVAD, Dul &2 MM @UTPS, 18PSdath SOLM BhcRPRR R2%AN Piimet $5°-CAT
Det ection of products may be conducted by, and not limted to, utilizing

f | uor eSCEREA G & oh &1k gl GITepeGe3 ) #RETYcrsqpimeuParGeGA 4t oh Cddt ect i on,

or nor 5 PRV t,i,0 h i ot r
(PicoG eéAn %E&O@%ﬁd‘é‘ gcfggr}r?’l 1515 gf.%u.ﬂ?@?\gil ?Ll?e?ﬁg(gf?&g gp %E%Pe@@_a#‘g? (Aeéx%rrpl e.
Reals- t iQTEI daaCot3 NAL of 4R aivabiled aakpton piode ¢Sl plrspiete-dwG AGGEETO T e
and then subtracted froma baseline. 20 [001951 | n exenplary DNA based
assays,CAGdH tROY; b o4 ﬁHWW%@%’@F@t%B%Wd&P@S(SN'@WSP@%‘{% AP TC

i sot her ~1 cad @ I{éo(;ﬁ, . NG A 50 :
anpl i fi@?%@%&g%%, gmnd di‘%glr?l£=1 ggérr}gir??mgﬁbﬁis ?%g{‘lqg%hl(?%%i)g etc, as
wel | agpolyngasse, Lhaithok Ampligane PN ERgase and|witergo@Duk| e anplificati on and
ligation, etc., using FRET, nol ecul ar beacon, etc. as described above. 25
[ 00196][00R08] GFCR-fhigatia tanditivgs aBerapsatide?s Gayming b dynd¢sedf IIC adbscdance with

;gﬁpf ie%:rgg!ﬁﬁ ?Iogjly tot g'Se’ Cpor“f(?:ls ?.%}nih,”é’sea t B%Qec?%cﬁlor\yv%ﬁ %ty StO%ycqgs (%)@%U@l- ?ggéc,a é‘sdc
— 30sec, and ligation nusing 25 cycles at 95°C — 15sec, 45°C — 1.5min.
[00209] RINA Based Assays

[00210] Example 1: Amplification and detection: RT-PCR-FRET detection of Dengue virus
type II. Reference: B.H. Tan, E. See, Elizabeth Lim and Eric P.H.Yap, Rapid cycle Real-Time

25 PCR, Methods and Applicatioﬁs, Microbiology and Food analysis, U. Reischl et. al. (Eds.),
Springer, pp 241-251.

[00211] RT-PCR mix: 2ul of 5X RT-PCR buffer, 1ul of 3mM dNTPs, lul of Sug/ul BSA, 1ul of
25mM MnOAc, 0.5ul each of 9uM stock forward primer (5°-CCT AGA CAT AAT CGG G-37)
and reverse primer (5’-GTG GTC TTG GTC ATA G-3°) and 0.5ul of 4uM stock probe (5°-

0 LCRed640 - AGA AAA AAT AAA ACA AGA GC- 3°-Phosphate), 0.5ul of 20X SybrGreen,
0.5ul of 5u/ul Tth polymerase, 1.5ul water and viral RNA added to 10ul final volume.

[00212] RT-PCR conditions: RT — 15min at 50°C, denaturation 95°C — 5min, 8 cycles of 95°C —
0 sec and 55°C — 7 sec, 50 cycles of 87°C — 0sec, 55°C — 7 sec.
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[ 001971 DNA Based Assays [001981 Exanple 1: PCR assay with Sybrgreen in
assay stations (dianmeter -0.5 - Imm), chip thickness - 2mm 30 [00199] PCR
m x: |ul wboBos2¢Pt Taq pol ynerae buffer, 0.8ul of 25nM MpCIAGok/mw25seach of
10uM st ock Trytophan hydroxyl ase, Forward prinmer (5 -TGI GIT AGC CAT TAT
GAT TA - 3') and reverse priner (5 - CIG GAA TAC AAG CTT TAT GCA G - 3'),
lul of 2mM dNTPs, lul of | Ong/ul human genom ¢ DNA, 0.5ul of 10%BSA, O0.5ul
of 60X SybrGreen, lul of 5u/ul -46 WD 03/035229 PCT/ SG2/ 00251 5 Pl ati num
Taq Pol Lﬂﬁ%l%]sé‘xp&mﬁr@@ati/%\ﬂmér In the control, the above conponents are
the sane except there is no Tag pol yneri se. [002001 PCR conditions: hot
start 9@G214]l Aipemas axeysgrh‘é]stim)DN% BNA Bﬂﬁqm,de‘é&@ence%@éﬁﬂl maybe B&hal ad@sec,
72C - C - farever ne. i rmocycl er TC- 200)
with anmPﬁ%f@%iﬁg MERIGF Bﬁ%{mﬁa@é I(ﬁﬁfi%ftﬁ@Ph‘ﬁg}QWl?tﬁ% B% R rachuth oo
under C 0 S for
each |ma tﬁﬁ(t)ééngcgam%%aa&(% ullé%rﬁ{é 811 |g?gaA&%#§§g%gge}gﬁgi?g£a¥%ﬁe ‘esul ts
showed POBIRA Y& eamk)lef neytbiespntbésized mad sﬂ'crtgeﬁtlmtphasay chyrdbarﬁﬁloa{s;hargbere and

et B o RS DR LS e RSl 5 T e OF Sip Sy Br Ay Sefiony iliding |

G am ne&ﬁ@chb&@ast&géﬁddaabbh@tm@a&@ﬁt ﬁmm@txe@ﬁaymt&rmﬂm& tofsefeRhghce: J. F.
Loh and 15 Eric P. 5 Rapi d cycl e Real -Time PCR, Methods and

Appl i caerpitmﬁ;/ert;xrbmdmg e&f@i ing peinis/lebeled with M forescestt dyal . (Eds. ),
Springer, pp 161-171. [002021 PCR m x: lul of 10X Pl atinum Taq buffer, |ul
of 2mM [6P2HS  Potcu 1 AetibbdyobastdAMayst ock f orwar d primer (5 - AGC GCC TCG GAC
GAA CAC CTA -3') and reverse prinmer (5 - GIG TCT CCC GGA TAG CAC -3'), |lul
of a 201002 15§ oE:toteﬁhMmtﬁsdﬁ asayy ofeh af FLISA m&gﬁ&mnkzﬂ) irlin o eCAs s dyl Be AGG

3' - Phosphat e | ul of 5ug/ul BSA, 6ul of 25nM Mycl 2,
1u|1 of ‘F@ bqg’é%f?ﬂ‘@t?ﬁ 108§ Oeéh? Bﬁesﬁl"é’i“’eﬁﬁﬂ’i‘f teft E%P%O%S’PS {@8-ePPeind 1, 5ul
of samhﬁdvﬁeﬁwmp@r&elrﬁﬂém{ek&hsﬁssmﬁmug G0 .PCR condi tions Hot start:
95C- I m n; 70cycles of 90C - Q sec, 70C 4sec, 7 - 5sec. 25 [002041 Single

Nucl eOt[wﬂﬁo!Mpgembﬁlma(rysuﬁto&akﬁg}thQ thb%ldke%'o?pﬁﬁ&ﬁé EdnbeREtRie A% AR batehed

FRET dyes, bioluminescence resonance energy transfer (BRET) protein, fluorescent dye-
~ quencher dye combinations, beta gal complementation assays protein fragments, and dissolved in
20  1X PBS, spotted and lyophilized in the assay stations. Sample fluid preparation releases proteins
or other antigens into PBS or TBS buffer with or without detergent (e.g. Tw-20 or Triton-X 100)
of various concentration (e.g. 0.05% Tw-20 and 1%Triton-X-100), and these flow into the assay
stations via channels as described above. Upon re-hydration the antibodies or protein pairs may
participate in FRET, BRET, fluorescence quenching or beta-gal complementation to generate

25  fluorescence, colorimetric or enhanced chemiluminescence (ECL) signals.

[00218] Example 1: Antibody-antigen fluorescence quenching assay: An antibody was labeled .
with OG-514 (Oregon green 514 carboxylic acid, succinimidyl esters) and the antigen (peptide,
protein, whole cells, carbohydrate, aptamers, etc.) was labeled with QSY-7 (QSY-7 carboxylic
acid, succinimidyl esters). Fluorescence quenching prevented or suppressed the detection of OG-
30 514 fluorescence. The Iabeled antibody-antigen complex was lyophilized in the assay stations.
Sample fluid preparation releases proteins or other antigens into PBS or TBS buffer with or
without detergent (e.g. Tw-20 or Triton-X 100) of various concentration (e.g. 0.05% Tw-20 and
1%Triton-X-100), and flow into the assay station(s) via channels. Upon re-hydration in the assay

station, the labeled antibody-antigen complex participates in competitive reaction with the
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ol i gonucl eotide ligation (DOL), PCR-OLA-FRET (oligonucleotide ligation
assay), LCR- OLA- FRET, allele specific Tagman assay, etc. [002051 Exanpl e
3: Dye-| awelos@3z2k? gonucl eotide ligation (DOL) assay is anragys@p2/ibiéeat uses
PCR to anplify the DNA sequence and then post-PCR SNP detection using OLA
or to oligonucleotide ligation assay with FRET (PCR-OLA- FRET). The OLA
assay uses 3 probes to detect a SNP, one conmmon donor probe is |abeled

wi th FAM (5- carhoxy-fl uorescein),. and the other allele-specific acceptor
or obie. 1N LR SormsHURONt Bhlsh B egtisenrhisesRtisg) Oor 4 I pRidentibody

N, N, M\i‘ig:l\& - CAl |a /g . Thernostable |igase was used to
S47 I Ogyg%%g%&gg(;e% /ag%@ggglgg%ﬁ)m nat e between a gatch‘ or

m smat I I t ' 1 Of 2 aC r probe. Reference: X Chen,
et. al C[B%ﬁ@?%éﬁa g%@@%&%ﬁg?g@%%gﬁﬁozoa] DOL assay for detecting
codon tation in t et a- bi n. gene responsi bl e for

ot o o 0pEol s T eoRutt it e Grted sl En b R GHAYE Poltcre AT 5 T say

st at i ongpRANafneerPV¥izdd. ORE AMB nSoRERBAR WsisR1a4851H (AE H?@g}?id%@tﬁﬂﬁ? pﬁé}s ay
stations via the various channels described 1 o above. [00207] "PCR-Ti gation
m X0 2wind dhe atberallophycocpnig(AXCRul of 65mM MyCl2, 2ul of 0.5M KC1, 2ul of

| OvM NAD, 2ul of 2.5mM dNTPs, lul of each 50uM stock PCR forward primer
(5' - CAT002Z1IG ERETACHS BAGvARGhACToFRliodight-v@ds)dimnidd teDB bsethp effindenclySvas GCA

GCT CAC T TGG AGG -3'),  Lul of 4 FAM | ab no r obe

(5 - FARRCD R et PRty et 4 e O e Aea el G 1B CRSRGRY G obe
(5" - phaRERMBy 6Empered E%usmgr neairalred FIBO lye %%fs sath 24k L ¢ abal ed
accept or grpbe (5' - phosphat e- TAG AGG TTC T G TC- 3' - TA

, 30ng of
human ¢ 2d[9R600. @ﬁetlce@f)swnlélﬁ»?é@l.l:&amjwrBéocé@él,istty.ZﬁQnR%2@f77A%QﬂQ)gase
DNA |igase and water to 20ul. [002081 PCR-ligation conditions: Denaturation
95Q5- 200222] 1oxoypledsRofhssosidionFgecomizifantantivody light ewd/haapy 6b4in directed b n,
65C - g)(laec f{)llo&ed b dSO%é%Ie of 95C - 15sec, 65C - 30sec, and
i gat i GROBERAGUSE (OPeh SIRIChGERY) |'55ec, 45C - 1. 5nin. [00209] RNA Based

tas ths I[é}%ggi %ﬁé@g&{l}? ?%}gboé%t%-ili}iia&ie%negg qygsog}grglee)cftreitg%]ént &@%ﬁﬁﬁ%&) and

light chain (VL) were labeled with succinimide esters of fluorescein and rhodamine-X,

respectively. The weak affinity of VH and VL towards each other prevent association and F RET,

20  but at low temperature e.g. about 4C and in the presence of antigen, the VH and VL interactions
stabilized and hence FRET occurred. When excited at 490 nm, significant decrease in the
fluorescence at 520 nm and its increase at 605 nm were observed when an increasing amount of
HEL (antigen) was added to the mixture in the concentration range of 1-100 micrograms/ml.
Reference: Ueda H et. al., Biotechniques 1999 Oct;27(4):738-42.

25 [00224] A modification of the above method may be utilized as follows. Instead of labeling
with fluorescent dyes such as fluorescein and rhodamine, chimeric protein of VH —Rluc (Renilla
luciferase) and VL-EYFP (Enhance Yellow fluorescence Protein) is constructed. In the presence
of Rluc’s substrate coelenterazine, chemilumiscence with emission of light (475nm) is observed,
but no BRET (Bioluminescence fluorescent energy transfer) is observed. However, at low

0  temperature e.g. about 4°C and in the presence of antigen (HEL), the VH and VL intéractions
was stabilized, hence BRET occurred and fluorescence of EYFP is detected at 525nm.

Reference: Arai R, et. al., Anal Biochem. 2001 Feb 1;289(1):77-81.
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type Il. Reference: B.H_ Tan, E. See, Elizabeth Limand Eric P.H Yap, Rapid
cycle Real Tinme 25 PCR, Methods and Applications, M crobiology and Food
anal ysi s,wpofos3/oBeeschl et. al. (Eds.), Springer, pp 241-2%C1/560020%] RT- PCR
m x: 2ul of 5X RT-PCR buffer, lul of 3mM dNTPs, lul of 5ug/ul BSA, |ul of
25mMM VMnOAc, 0.5ul each of 9uM stock forward priner (5 -CCT AGA CAT AAT CGG
G 3') and reverse priner (5 -GIG GIC TTG GIC ATA G 3") and 0.5ul of 4uM
stock pro 3' - Phosphat e),

2 (R oLCRed64g -,AGA%AATAAAACAAGAGC— ) :
0. zsuiI oi00335] 3@6?@%@@?& catipp obfhegiipstimethod isnsifghnrsafstead of Bibelipgpath and

: : i 00 i s ) s
\z;!t r gOC, @elﬁ%gﬁgﬁelgglrl\c%g 1{0&%%1:1%?58% - cy§1n 2}1%’ gﬁ&g%&gfn [ F} %glgﬁgﬂr%btgg@r-o ’S ec,m "

50 cycl Bx-WH -SIRFR (Bhawe bikGuordcatqrotehd aMDTH3V D IXIPO(RGTS@R00251 5

[ 00213] tamer Based .Assays: 214] ‘Aptaners_are synthetic DNA . RNA or
pept i deﬂ@gﬁﬁ:@ﬂ@e&‘(’m RO (5@5, prfireag ther‘f'ﬁ]&b]fhitbéﬂf%ﬁ%Preﬁéﬁﬂ‘ﬁ@nﬁ-ucI eic

aci d (Pt ol:@%r?é(%l{liﬁ r)éée%&%%t}}%ﬁfén%ﬁ.hg%fe}é%&rzg{téf }){)_’,"‘e{ 'Al.;'iPrétéi"n]@g@él ed

protein, ligan pi d, car ydrate, neta ite, C Apt’aier's

wit 1 a 208, Mey:d3(5)BE8AR6. f or exanpl e, may be synthesized and spotted into
assay chanmber 26 or chanbers and 10 |yophilized. A target protein/antigen
may t hejo0226]i Mhe apipeatds aml aethbds efthayresém tnveRtorifiby higd by utiieddntodondsct

descri bed abqve. .Fl uorescent . pol arization may then be utilized to screen
for aptaifeREGFHHEYRSSEY S di"iG T Probe ibragines BieaPagetp arschpaisna i) EguiAing t he
f I uor esGaffar hiRess 082 1droR 08 kinderifibs i %ﬂ}é -Jaqp-heli

Prot ei n/ Ant i godissgsgéégg;u such as Igi1 SI)Alll Pgﬁ%éy&?n%%%?tﬁcﬁg |ﬁ1{9rgl%§%g%?e}rll?hxassay)
may be (bibH)ttiansagdiondacerdi digetigationeffpateninalggowth fatter (E@Eeateptorvigoni on t o
detect path ns (e.q.,.0 sandw ch ELI SA), protein-rich interactions
andlesdrL}E?ag‘g%g@r?ﬁ%%sgegff@fff%ﬁ?afﬁg? lé’gepoé%%ﬁﬁ‘ry embodi nents, the anti bodi es
or protej can .be | abeled with irs of FRET dyes, bioluym nescence .
resona 5@%&%@%&&%&%@?@ oRraieins o) Doy SEBiesedype TusiRuproraRs wifl
conbi naihaed IPBscERPRIGHRBGRDY Ofbr 38SANIS, MEPLifleNbd I RESi

di ssolved in 20 1X PB.SS,c sggitgg_]aand” yéph?ﬁﬂzed }Ipl’{ tehe ayggg% stglti%cg)%]s.

Sanpl e staiefiscPrpndsddet inthydes gslsiadhgrsstesinigonso The tangat oafthait) expressad es RB®or

var | oud Remuekf et 08 gl SEORRLeid Bode) Wi Rled i 0557 Bontcse

fl ow | nhouglntheadannels as described above. Protein-protein interaction activates FRET activity, for

example or other detection methods, as known in the art.
[00228] Cell-Based Assay:

[00229] . The present invention may also be utilized in drug screening and toxicological assay
applications. Numerous methods for drug screening based on FRET, and other detection

25  methods may be utilized as known to those of ordinary skill in the art.

[00230] For example, toxological assays may be conducted according to the teachings of the
present invention. Synthetic small molecules from combinatorial chemical, or peptide library,
aptamer library, etc, are pre-loaded into the assay stations. The assay stations have conducted
thereto particular cell type of interest, which may have been recovered from a sample preparation
0  portion of the chip (if so provided), or from tissue culture, growth media. A fluorescent vital dye
may also be provided. After a few days observation with microscopy will reveal if cells exposed
to the provided pre-loaded components undergo cell death remain alive or are otherwise affected

by the pre-loaded assay components that had been provided in the assay stations.
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stations via channel s as descri bed above. Upon re-hydration the antibodies
or protein pairs may participate in FRET, BRET, fluorescence quenching or
bet a gal wormplossrent ati on to generate 25 fl uorescence, col @ciIrssoeH@s50r
enhanced chem | um nescence (ECL) signals. [00218] Exanple 1:

Ant i body-antigen fluorescence quenching assay: An anti body was | abel ed

wth OG 514 (Oregon green 514 carboxylic acid, succinimdyl esters) and the
anti gen éé)epti de, protein, whole cells, carbohydrate, aptaners, etc.) was

| abeb ed [M1234] QBv-dmg Leeninge eallsery be engiagered] tosupiehhibaidaig taggst orbe)tested e.g.
1 vor codbhiaubleReNA, REELAMSHIH aeRBUTE T A0 EbE i e ittt e

assay stilabiegft Eroﬁﬁﬂ?é.  HGEP, & YFBPp As8ddigibnce kRas BakiAE of RicBstoflor Pkdieins

antigens into PBS or TBS buffer with or w thout detergent (e.g. Tw 20 or
Tri t on- ¥ithgbymesdves ar toilrsir sobinsis friggareshby @/nihetio lipgw binding, molecule or
1%9riton-X-100) . QW. I e t.atl i

re- nydr SESR07 i B0 el ot PR RN B L e o FASRE B pell,
par }1@ ci B«?hp&rﬂaﬁtaﬁ@ﬁ?@ﬁﬂ lbbaéaﬁ, foeagdrhpls. Goheriehe disfk&)tm? dﬁ'&fuﬂ%aﬁﬁ&l d'zed or

PCT/ S&02/ 00251 5 unl abel ed antigen. Conpetition with unla ed antigen

r el easeS8eterdingnzsd o1 pEselpl RO BPMRlFLSEsYEheHE dgardscemalimgleculs: gfaner,

about 5gé_é§@(?]mag§%l?%§%?e§g§ﬂ§‘ﬁ? S%rlapoubl e sandwi ch anti body FRET [ 002201

Two nonocl ona Irected agai nst 2 non-conpetitive epitopes of

t he CD8 i £ 2 I o . eled with
t he dyel%ﬁég{;grrhagﬁlrapﬁx@é%%%%‘ %]n S?lne ot Sé‘%@?%ﬁ%?@%’?ﬁ“n }5%?6 [ 002211
FRET waHends efry&grovianioexsotiratd anbd a ghfacupmtdhy, 8ot @t HeanRhtriveilulbhprotein or
efficiency was only 10% _ Reference; Batarg P., et .al., Cytgonetry 2002 Jun
1; 487 2) Te6iRieD 396111%@%%%%9@08%@06&% theromedimpizs ifghepiseensy of g OH%%K%
Infra-rﬁgegﬁgglegye pairs such as the squarai ne dyes (Sg635 and Sq660) .

Ref erence: GCswald B. et. al., Analytical Biochem stry 280, 272-277 (2000).

15 [ ooz@égﬁk gmaglysslgn s ARORER! flailr LECARPHY ﬁvearﬁcinbgtéxmk){.%%gﬁ%ﬁeavy

chain directe gi hg”anti'gen (open sandw ch assay).

Reconbi pepitle apithésiaty, page Libiaty, Gtde andayg first spatiatatofthagssen stahiemand thbai n (VH)
and light chajn.(,VL) were.lapeled with succininde esters of fluar {n
and r hoRaPRTet oA heliEuer vy e ek AR LD B e e a0
eachy OEI;B\Q{S ¢ 9168 MitrcBRS AT indS the RssaR GtakiBH(E) 28 VialtHinrRls, hoWestEbaAtRV L c6ll .
about 4C and in the %r esence of antigen, the VH and VL interactions

culture media. Incubation of the cells with the potential drug at about 37C, for example, may
trigger protein-protein interaction resulting in FRET, or disruption of protein interaction would

decrease FRET.

[00234] Drug screening applications according to the invention may utilize cell based and/or
25  protein assays. Such screening applications may utilize the introduction of at least one of a

population of wild-type cells and a population of cells expressing a recombinant molecule, for

example, into said at least one assay station, in accordance with the teachings of the present

Invention.

[00235] Besides FRET assays which utilized two fluorescent probes for PCR, PCR-Tagman

30 assays make use of fluorescent quenching whereby a probe is labeled with both quencher and
donor. The probe, when hybridized to amplified DNA fragments, is digested by the 5° to 3’
exonuclease activity of Taq polymerase extending downstream from the primer. Upon digestion
of the probe, separation of donor from quencher leads to a detectable increase in fluorescence

signal from the donor dye. Colorimetric detection can potentially be used in conjunction with
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stabilized and hence FRET occurred. \Wen excited at 490 nrn, significant
decrease in the fluorescence at 520 nmand its increase at 605 nm were
obser ved wban/0a3229 ncr easi ng anount of HEL (antigen) was a&ddasdor/oozshe.

m xture in the concentration range of 1-100 micrograns/m . Reference: Ueda
Het. al., Biotechniques 1999 Cct;27(4):738-42. n [002241 A nodification of
t he above nethod nay be utilized as follows. Instead of |abeling with
fluorescent dyes such as fluorescein and rhodam ne, chinmeric protein of VH
- Rac beegel ¢oa1pl¢rumt¢tmnaa§@epysamesoty@ngallampéxﬁmtmsa‘ifél Powthier exsiepdasnssay

P
cool ont BPLDARBES HRbfey Srtifas DB RN feult aolaftEriopm PTEIFFEITY feorsisent vea,
but no gREds ﬁ@h@do‘rﬁﬂrﬁt@&%ﬁ@?@ﬂﬁr@@ﬁ&%@éﬁmﬁﬂ@%ﬂ&’aié?d%ﬁft%ﬂxblb%s@ﬁﬁ&ﬂé@éhse

However, at |ow O tenperature . about 4C and in the presence of antigen
(HEL), thhis effertamdhslenohrizetion Dﬂﬂéﬁ appliedde HisiassayetationgeduvBriie BeBunixggeand

fl f EYEP et Ref A R, t |

Anal . B SRR b%rfd‘l‘—’:et%ﬁefm%g?%&%&@ﬁeﬁﬁ"%eog/r 85520 Per/ SaDar D0gb1 5
00225 th diticat f the f t hod f | nst ead

of Tb IOl Ins s FTerbpa esfioy byRs el dadt e g ?#ifrfgesl?w%a?ﬁvﬁemh@ =

thi or ed@xbdihdhts Inifl Y8 bophrd & mo@e of &Hﬁiaﬂf skillfiéh/bit 1EBER dRRORRAGRIY ue

fluorescent protein) and Trx-VL-EG-P (enhance green fluorescence protein)

i s consdeseripte. IMswot ntanded Bt thireingentionibeilimitedfexedns agjshicatesidy the eppended

FRET ocgurred rese the antigen HEL. Reference: Arai R, et.
Pré %gmanéﬁﬁu‘%?ée r&}‘5&16(%“53\3(5):369-76. [ 00226] The apparatus and

nethods of the present invention nay also be utilized to conduct proteomc

studi es/ assays. Protein protein interactions are inportant nmechani sns for

regulating cellular process, e.g., regulation of transcription by the

di meraztion of basic helix-loop-helix (bHLH) transcription factors,

di meri zati on of Epidermal growh factor (EGF) receptor upon 15 |igand

bi nding to generate cellular signaling, for exanmple. [00227] Uilizing the

appar atus, candi date proteins or ~Preys' expressed as fusion proteins with

enhanced green fluorescent protein (EG-P) , for exanple, may either be

| yophilized in assay staions or enbedded into hydrogels in the assay

stations. The target or "bait' expressed as fusion protein with enhanced

bl ue fluorescent protein (EBFP) is introduced into the assay stations 20

t hrough the channel s as descri bed above. Protein protein interaction

activates FRET activity, for



exanpl e or other detection nethods, as known in the art. [00228] Cell-Based
Assay: [002291. The present invention nay also be utilized in drug

scr eeni ngweard/os229 col ogi cal assay applications. Numerous PegtSeo/80260r dr ug
screeni ng based on FRET, and other detection 25 nethods may be utilized as
known to those of ordinary skill in the art. [00230] For exanple,

t oxol ogi cal assays may be conducted. according to the teachings. of the
present invention. Synthetic small nol ecules from conbinatorial chem cal,
or pepti We Claimary, aptamer library, etc, are pre-loaded into the assay
stations. The assay stations have conducted thereto particular cell type
of interest, wh) cAnvppaiaarehhaesrizeicaies @ ppRahe cSRAPALR: preparation o
portion of the chip (if so provided), or fromtissue culture, growth nedia.

A fluorescent vit alsubhwate HaBhgat RAstMeREQY sty After a few days observation
with mcroscopy will reveal if cells exposed to the provided pre-|l.oaded

conponent s underg i L i ffected

t he pre-|oaded as g%%? %:dgrerglgﬁiteér;f'tai E{gﬁﬂa@eﬁg%ﬁ%ggémgé%ﬁ%g%%ﬁ%%ﬁZeaglts%ne?fecon%y

st at i ongnultiswpae dahod5dReiPeld 2302t 0AR bkap shd?Rilg Hamtedrila pesitiogni ng,

cells can _be Lneered .ta express the drug target to be tested e.g..

mul tli%- sdﬁ‘iﬁﬂ??‘ﬁ%gbgwe&l ,Salhg’ﬁiraggi PFRoPf P wposs shawelseand 33 Ayidyosmapricasiont ner |
fused withdrofith/ B saldl HNRSIEBADOR! Gafthdl hbParloast il ohafatidiyic A3RALKAY) O OF
cross linking of receptors or proteins wth t%enselves or %o err

subuni t sorducgiga oéd syyplsyidideretirbugund bi ndi ng, smal |l nol ecul e or

anti body, brings the fluorescent protein pair together such that FRET can
t ake pl ace or betat-lepst onksauphpile demetinicomnomidatiow edtirsaidfad leagix@mep| €.
Convers%gﬁﬁ dig&;$gi0@ of, honodi-neri zed or heterodinerized or

mul ti - subung pro gWW’é%ﬁplex by synthetic ligands, small nolecul e,

apt 3ger etc, could tri q%ﬁr.a decrease in FRET signal. [00232] The small
mol &2ul es may di fAGESt 5P atinmraediupmanist mycasmmHeationariiosaid atlease first and
Hence, téog@mfisirgdde i 1 rpfei. . ap _be an
i ntracel | ul ar _p,r%%rgi n o%?l%%%lggglgfgsgtp?e gﬁzgﬁd glls&hgﬁﬁ@ggg%@gg;ﬁﬂmﬁ%é% o‘rn,le

t hat hofeRqieristisaopreonduciys tosondustion ofkaid swopleiflosl. d, for exanpl e. [ 00233]
The smal | nol ecul es, |igand, aptanmer, etc. nay be derived froma conbi-chem
library,  peptide synthesizer, phage library, etc. and are first spotted
into the assay station and then |yophilized. Cells engineered with a drug
target protei B)f Udedpparaiys eerordihg or daine b charaotesized 1@ )said fluid communication

20  isviaat least first and second assay station channels in communication with said first and second

mulﬁpmpose channels.

3)' "The apparatus according to claim 1 or claim 2, characterized in that said first
multipurpose channel characteristic conducive to conduction of said sample fluid comprises at,
25  least one of internal surface characteristic and/or shape characteristic and said at least one second
multipurpose channel characteristic that is non-conducive to conduction of said sample fluid

comprises at lease one of an internal surface portion and/or shape characteristics.

4) The apparatus according to any one of claims 1 to 3, characterized in that the

30  apparatus further comprises a sealing layer sealing at least one assay station.
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20 pairs are then introduced into the assay station(s) 26 via channels, as
descri bed above, in cell culture nedia. Incubation of the cells with the
pot ent i alworoa®3zee about 37C, for exanple, may trigger pr@CFSGOpP@SEI N
interaction resulting in FRET, or disruption of protein interaction would
decrease FRET. [00234] Drug screening applications according to the
invention may utilize cell based and/or 25 protein assays. Such screening
applications may utilize the introduction of at |east one of a population
of wid d-type cé) | dhanppaatpomebalingio anf onebf slampl ©% chgaderiaadnttha

nol ecul e, , for xampl e,. Jnto.said at | east one assay station, in accordance
with thefesal ﬁ?ﬁ@“frggﬁa‘@rfgstﬁ?‘é@é‘ﬁ‘f’osq %@Wﬁ perts fpyshigpelpatatdeast pmeaf aissays
whi ch utdahipreeuitiar fdd ReI8H-mRERRES for PCR PCR-Tagman 10 assays neke
use of fluorescent quenching whereby a probe is |abeled w th both quencher

and donor. The probe, when hybridized to anplified DNA fragnents, is
digested by the 5 to 3' exonuclease activity of Taq pol yneri se extendi ng

downstream from t rimer. Upan digestion, of the probe, separatiaon of
donor from que@chzse E%ngag“%%cgr(aﬂ@t 8%'?%18?%‘@‘3%‘%4% 5% ﬁhaF"I‘CG‘?W@Eé‘é thesi gnal
f r onwt hen@emabsuréiee of Sl Qdo@ kil 58 ChinBia] GEMiR AleSHlthv] '
conjunction wWth -52 WO 03/ SRl chunll SaRIE ;ﬁ&@dﬁgggﬂp? L oBE0L i on

assays i A eBufMatHErmEdEBM fi cati on assays. Another exenplary assay

met hodol ogy that may be utilized includes fluorescence pol arizati on,
wherein small fluorescent dNTPs are incorporated into PCR product, for
exanple, and as a result tunble |l ess and decrease their effect on the

depol ari zat i or/)of The giparaappiceedingdo tieomssifaisik dttb 6)lchafadidived ¢th thacatRER: a

m xture__and potential product therein and subsequently detected. 10
10023611’?‘3%’“#’%\?%@@?%% sltfg‘é’nri%'iﬁ} HEURUEResE chanae! Wﬁ%%@%ﬁ%ﬁgﬁoﬁe@% Bfd ¢
enbagli Neghied iiHSubstetbRgerent s wi Il be apparent to those of ordinary skill
inthe art in view of the foregoing description. It is not intended that

this invention be limted except as indicated by the appended clains and
their full scope equivalents. WO 03/035229 PCT/ SG02/00251 5 W daim 1)

An appar at us %ﬁarﬂfeta%b%ﬁlq ak&r&iﬁgtto LBt ﬂ%p%ya&ﬁésof%?al £ 15%§ when appended to
claim 4, characterized in that at least a portion of at least one of said assay station, first
multipurpose channel and second multipurpose channel is formed in the substrate layer and at

20 least a portion of at least one of said assay station, first multipurpose channel and second

multipurpose is formed in the sealing layer.

9) The apparatus according to claim 2 or any one of claims 3 to 7 when appended to

claim 2, characterized in that said internal surface of said multipurpose channel and a surface of
25  said second assay station channel immediately adjacent to the intersection of the second assay
station channel and said second multipurpose channel are non-conducive to conduction of said

sample fluid.

10) The apparatus according to claim 2 or any one of claims 3 to 7 when appended to
30 claim 2, characterized in that said at least first and second multipurpose channels are in
communication with a plurality of assay stations via the first and second assay station channels,

respectively, of said plurality of assay stations.
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a substrate having at | east one assay station; an arrangenent of at |east -
one first multipurpose channels and at | east one second nmultipurpose
channel wWeroaioss2sai d at | east one assay station being sit®arsdor/no2al
position 10 internedi ate between said first and second nul ti purpose
channels and in fluid communication therewith, wherein said first

mul ti purpose channel has at |east one characteristic conducive to
conduction of a sanple fluid therethrough; at |east one sanple fluid inlet
in cotmunication with said at least first nultipurpose channel; and 15 at
| east one isolation-nediuminlet in communication with said at |east first

and second nult) dlepppeatohanosing tosdaith B cHabatdrized i Bacanrpiiality Stdspase
channel Vi ng at Iea(ft one . characterijistic non-conduci ve to conducti on of

h : .
sai d sanPfuF PEf rangsd prongpatisish onaelcdmuliarpors orsegnential filingiod saidmluretityi n
that saig afsialy'sfhtféﬂmﬂﬂ' B BBle Rl %&Pﬁéﬁcﬁ{ u*:t% Zl%erétb rst and second assay

station chanfnels in comuni cation sal ir and second nultipurpose
channels. 3) 'The apparatus according to claiml1l or claim2, characterized
in that said first nultipurpose channel characteristic conducive to

condycti on of i g, sanple fluid. conpri.s t. 25 |east one of .internal

sur ?@ce char acf%r ?]g? P@% %&7 %?FOfg‘H%%& CE‘WQ?IZ)L‘?‘@WECWQA wibptsaidplyelityefassayne
second mutiohirePOSAsE RREVIIERAEAE RS bt blidedts bxsse&l&)éﬁﬁ%o@‘iﬂg bi’%i& First and
conduction of said sanple fluid conprises at |ease one of an internal

sur f ace SpedingHtinwamess chenpgle with srid dsadationthedium4) sdth said phaality v assag statbmg t 0
any one of clains | to 3, characterized in that the 30 apparatus further
conprises a sealing |ayer sealing at |east one assay station. -54 WO

03/ 035229 PCT/ S@02/00251 5 5) The apparatus according to any one of clains
1 It0_ 4, char aﬁ}%rlhwl nammsmcc;rlﬂimg ﬂﬁ anﬁonri]mbt;dainfsfme 695ha$@§téi*%zfeﬂﬁr§§hat saiid at

mul ti_purpose channel . perm.ts wt hr ou of at | east one of a sanple
f1ui'd, éﬁ%P U FSHH SI?%Q?F‘(;T&F(‘}WP?FEG%EH’{?’“@} NG ECACHGR BSAKE/BPAMCAY t 0 any one
of claims 1 to 5, characterized in that the 10 internal surface of said
second mul ti purpose channel permts the flowthrough of at |east one of air
or an isolatign-nedium 7) The apparatus according to any one of clains 1
to 6, charact ég) ZEh$ apRapHisacearding 4@ anygone of claims 1 to 13, characterized in that said

sample fluid inlet is'in communication with a sample fluid preparation element.

20 15) The apparatus according to claim 14, characterized in that there is further included

at least one of a sample preparation chamber and a lid.

16) The apparatus according to any one of claims 1 to 15, characterized in that there is

further included at least one element for controlling fluid ﬂow in at least one of said channels.

25

17) The apparatus according to any one of claims 1 to 16, characterized in that there is

further included a chamber for introduction of flow-promoting fluid.

18) The apparatus according to claim 17, characterized in that at least one of said
30 chamber or an inlet is in communication with a mixing chamber for mixing said flow-promoting

fluid with said sample fluid.
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portion of said assay station, first multipurpose channel and second

mul ti purpose channel are 15 fornmed in the substrate |ayer. 8) The apparatus
accor di ngwom®3esaem 4 or any one of clains 5 to 7 when app®cdador/0025c] ai m 4,
characterized in that at |east a portion of at |east one of said assay
station, first multipurpose channel and second nul ti purpose channel is
formed in the substrate |layer and at 20 | east a portion of at |east one of
said assay station, first mnultipurpose channel and second nultipurpose is
formed in the sealing layer. 9) The apparatus according to claim2 or any
one of clainms 3 to 7 when appended to claim2, characterized in that said
internal surfat® TheappatatiblbédoRrlAPRSAYHRBONEind Dt & Whdraq&iRk in ARt Sal S
second assay station _channel inmediately adjacent to the intersection o}
the secofiept 98¢ as5a¥ siatipn poraprsen &l leash gne ednapansobefdnrassayirpastipn pee-lohderhiberedn.e
non- conduci ve to conduction of said sanple fluid. 10) The appar atus
according to claim2 or any one of clains 3 to 7 when appended to 30 claim
2, characterized in that said at |east first and second nul ti purpose
channel s are i20) Themppuratas haording fo cdaifpl 19 ahdrigterifed s SRy sasd Rhét@as Vi a the
first and second asﬁggsstatipn cha Q respectively, of said plurality

|
of al¥sayFORPRRFYRE SaldEsayarartiop 655 tﬁ‘@sﬁ QFR0SHn pEOvidgs atfrastgnsafat us

accor di n@tdctbld faatPe GRaLARESRIE@8E. i n that said plurality of assay
stations are arranged to provide at |east one of sinultaneous or sequenti al

filling of said plurality of assay stations with said sanple fluid
sol ution conducted thereto. 10 12) The apparatus according to claim 10

characterized 4 i .al 4 of .ass statian re.arranged, to
provide at | eaislp %ﬁégﬁ%?a ?%tﬁsrr% #é%eigfﬂéh%?aesrgﬁgéhmaéﬁ‘eﬁ 1p ?‘Fﬁ’@r H‘F[”éiﬁii ge”qur st
and sedevitguidtat ppaspaReoadpanar los salll biyas adadtidgol ati on mediumto seal said
plurality of assay stations. 13) The apparatus according to any one of
claijgs | to 6, characterized in that said at 15 | east one assay station

has di sposed therein at |east one reaction assay conmponent. 14) The
appar at us accongli T dfpafis 206rdfe t6 B8 9! cﬂa&ciéiﬁe& BALACLRS 4»:;‘1@& bt t hat
u

said sanple fluid inlet is in communication wth a sanple
pr epar atPBRORaNE pEsrd agsgy 1&ictiqhis sepped tetsakl addevot atieragsaystationi m 14,
characterized in that there is further included

23) The apparatus according to claim 15 or any one of claims 16 to 22 when appended
20 toclaim 16, characterized in that said sample preparation chamber further comprises an

absorbent.

24) The apparatus according to any one of claims 1 to 22, characterized in that there is
provided an absorbent in communication with a terminal portion of at least one of said at least

25  first and second multipurpose channels.

25) The apparatus according to claim 24, characterized in that said absorbent is
removeably attached to the terminal portion of said at least first and second multipurpose

channels.

30
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at | east one of a sanple preparation chanber and a -lid. 16) The apparatus
according to any one of clains 1 to 15, characterized in that there is
further iwoloagat2at | east one el enment for controlling fl uipdTfSGOM6251 at

| east one of said channels. 25 17) The apparatus according to any one of
claims 1 to 16, characterized in that there is further included a chanber
for introduction of flow pronoting fluid. 18) The apparatus according to
claim 17, characterized in that at |east one of said 30 chanmber or an inlet
is i communi c2f)i Bhe mp;ialnatas smicmidng tohai a6 drahy bheoMgaifildild td Dovheh apBdrided
fluid wiith salg flu -56 WO 03/035229 PCT/ SQ02/00251 5 19) The
appar at 8 ck¥ad d‘fsl??gapctt%ﬂéﬁw Bakseist atdeast one How gontwllingeleraent s digpased hefwesn
said at ., e nponent of an
assay resgll(gltesia 0 lg[r el-%oa e Tﬁ%fr%ansgﬁ%&agﬁm%ui@ﬁg% ﬁé;&éaggégr ding to claim
19, characterized in that said | east one 1 o conponent of said assay
reaction at said at | east one assay stati on provides at |east one of

detectabl e qu ive or quantitati ta 21 appar atus _of cl ai.m 20,
char act er i zgda‘m ﬁ‘u gPreflysecrading i m G%H%f’o‘ghé’gaémgﬁg\‘)‘? A% When appandedast

one jgoNMpeaiant 16fchafictbrd; eaflt ARRAL

claim 19, characteri zedgi&ﬁ%’g}%at sdzg?%ﬁa%é fgﬁi%&%‘g’g conl}ﬁa%ﬂ{nzsn‘?%g&g%@gc%gsay
reacti oﬁalfi@heémmé@saaa,st%land at | east one assay station. 23) The apparatus
according to claim15 or any one of clains 16 to 22 when appended 20 to
claim 16, characterized in that said sanple preparation chanber further
conprises an absorbent. 24) The apparatus according to any one of clains 1
to 22, charact28)iPechpparatisaiccdriigg eo by o s\lige 1 a6 2AbarbRFked M that said at
comuni cation with a termnpal portion of at | east one of said at least 25
first a ?@Gé‘ﬁﬁyrﬁﬂ“toflﬁ%ﬁﬁ@%c%ﬁﬁ pEil Oﬁ?fom?@‘ga%@ﬁﬁ‘lﬁsus according to
claim 24, characterized in that said absorbent is renoveably attached to
thelferminal portion of said at |east first and second nul ti purpose

29) The apparatus according to claim 2 or any one of claims 3 to 28 when appended to
claim 2, characterized in that said at least a poition of said at least one first assay station channel
has a cross-sectional area that is less than the cross-sectional area of at least a portion of said at

least second assay station channel.
20

30) The apparatus according to claim 10 or any one of claims 11 to 29 when appended
to claim 10, characterized in that said first and second multipurpose channels provide a path by

which said plurality of assay stations are sealed via the flow through of an isolation medium.

25 31) The apparatus according to claim 1 or any one of claims 2 to 30"when appended to
claim 1, ‘characterized in that exposed portions of the said at least first and second multipurpose
channels are sealed with a solid from ambient atmosphere adhesively, mechanically, electrically,

* or magnetically after the first and second multipurpose channels are filled with a sample fluid

and/or an isolation medium.
30

32) An apparatus for analyzing a sample fluid, characterized in that there is provided:
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channel s. 30 -57 WD 03/035229 PCT/ S&2/00251 5 26) The apparatus according
to claim16 or any one of clainms 17 to 25 when appended to claim16,

char act erwpad/08322¢ hat said at | east one flow controlling @Cars&0/06281

di sposed between said sanple preparation chanber and said at |east first
mul ti purpose channel. 27) The apparatus according to claim 16 or any one of
clains 17 to 25 when appended 10 to claim 16, characterized in that said
at |east one flow controlling elenment is disposed adjacent said at |east
one assay st ati onas@@rahenidppatrate esmapesiagdi ng to any one of clains. | to
27, characterized in that said at |east one assay station is further
conprised of fl owagaapRipr@raioh Bib&@Ter retmosof TGesHBR BEApSRRCE G Y A1
claim2 or _any one of clainms 3 to 28 when appended to claim 2,

charact éffided in that said at |east a portion of said at |east one first
assay station channel has a cross-sectional area that is |ess than the
cross-sectional a#eznplf flyid inked Snidicablyrcbiyalnd tf saghsathpld preparation dpediee assay
station channel. 20 30) The apparatus according to claim 10 or any one of
clainms 11 to 29 whelmmigpenihdd fortrecaiViag mfldv-pehatiagtipid;zed in that said
first and second nul ti purpose channels provide a path by which said

plurial ity of assayflsivaboh@asin@eRnaeioRdomtdlihdiBow beWsihpIRYRIY R6matid S%%i on
medi um 25 31) The apparatus according to claiml| or any one of c]I al to
30 when PEH3ERigB $hamberdp spdchambas gr inleidor wsaiving a fhew-peomaiediydy t i ons of t he
said at least first and second multipurpose channels are sealed with a
solid from anbi emt leasherepfirst mulsidivesdse ehgnnehBuidmally edupled tolseidtchhmatd; y,  or
magnetically after the first and second nulti purpose channels are filled
with a sanple fl wdtdeashond/assayastationpl ati on medi um 30 32) An apparatus for
anal yzing a sanple fluid, characterized in that there is provided: -58 WO
03/ 035229 PCT/ SQ02idfkdbihulti purpose channel in communication to said at least one assay station;

15 a second flow controlling element for isolating and permitting flow of a fluid from

satd chamber to said at least one assay station; and

a first assay station-channel, coupled to said at least one assay station.

33) The apparatus according to claim 32, characterized in that said sample preparation
20  chamber comprises a sintered glass block which seals at least a portion of said sample

preparation chamber.

34) The apparatus according to claim 32 or 33, characterized in that portions of said at
least first multipurpose channel is sealed with a solid from ambient atmosphere adhesively,
25  mechanically, electrically, or magnetically after the first multipurpose channel is filled with

sample fluid and/or an isolation medium.

35) The apparatus according to claim 33, characterized in that an absorbent adheres to

said sintered glass block for absorbing said undesired undesired components.

30
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5 a substrate, said substrate conpri-sing: a sanple preparation chanber ‘for
renoval of undesired conponents froma sanple fluid; a sanple fluid inlet
fluidi calweg ososizbed to said sanpl e preparation chanber; &cCalssmober2sor inl et
for receiving a flowpronoting fluid; 10 a flow controlling el enment for
controlling flow of a sanple fluid fromsaid sanple preparation chanber to
said chanber or inlet for receiving a flow pronoting fluid; at | east one
first nmulti purpose channel fluidically coupled to' said chanber | east
one a%say st at i36h;Thegpamkius seconding ito pyr presd ckianbzto 35 chmaﬁuﬁzsdahlﬂm at 0

sai d at statl 5 a second flo controlllng el ement for
i sol ati nggge%‘gﬁ% 138’ ftal%)r( SqnS R Sﬁndéjnfr"ft %F‘?]g?ﬁo chamber.dHampeitippmose changel,

| east Onﬁssaﬁﬁaﬁorﬁhﬁ&fﬁiassgydha’:}ma rst assay station channel, coupled to said
at | east one assay station. 33) The apparatus according to claim 32,

characterized in that said sanple preparation 20 chanber conprises a
sintered glass block which seals at |east a porti on of said sarrpl e

preparation ch tus acc m 32 _or

characteri zed § ?ﬁgtagé%?ttﬁ?gcﬁgpcg Sy °%f © F ?ﬁt"r@t ?‘tt?‘ﬁ?#ﬁ%gé“@f%nel
i s seal eid fnklten mtmumulapmgnamm@mea@tamﬁﬁta%ﬁuﬁqcﬁfe&u\tﬁhmxor?&a%epﬁetn%é' Y,
electricall or magnetically after the first nultipurpose channel

filled vty n@ﬁ‘l’ltp fluid and/or an isolation medium 35) The appar at us
according to clai m33 characterized in that an absorbent adheres to said
sintered gl ass2M %mgf%§wa%§@r‘bbﬁﬂgn$aﬁldl digpbieaginy tdrabydgBatingh lysimgdoéit.s. 30
-59 WD 03/035229 PCT/ S&2/ 00251 5 36) The apparatus according to any one of
claims 32 to 35, characterized in that a sealing |layer seals at |east one
of said filtration chanber, chanber, first nultipurpose channel, assay

station, and fi¥)sThasgmyatehmnoeling tBZ\)xy bhe obglpiaisBous 3ACEH At th ARYsope Of
clalgs 32, to 36 characteri zed there 10 is further i ncl uded a
ra

di aghr agPSHRICFImaRies aslt gas9t @] %‘8?% @r?l%ﬁ“’dﬁ} elastomer; &) arpranostinde) siieom
t he and (f) metal.

39) The apparatus according to claim 38, characterized in that said elasomer comprises

poly-dimethylsiloxane.

20

40) A method for conducting reactions on a substrate characterized in that said
substrate comprises at least one assay station, an arrangement of at least first and second
multipurpose channels wherein said at least one assay station being situated in a position
intermediate between said first and second multipurpose channels and in fluid communication

25  therewith, and wherein said first multipurpose chanriel has internal surface characteristics
conducive to conduction of a sample solution therethrough, at least one sample fluid recewmg
area in communication with said at least first multipurpose channel, at least one isolation-
medium inlet in communication with said at least first and second multipurpose channels, said
least one second multipﬁrpose channel having at least an internal surface portion non-conducive

30  to conduction of said sample solution, said method comprising:
obtaining a sample fluid;

introducing a sample fluid to at least one sample inlet;
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environment; and a vibrating actuator for vibrating said di aphragm thereby
agitating a lysing buffer. 38) The apparatus according to any one of

cl ai rs 32WD®38F522¢haracterized in that said 15 substrate eomsGoze®sat | east
one of - (a) glass, (b) plastic, (c) elastoner, (d) a conposite, (e) silicon
and (f) netal. 39) The apparatus according to claim 38, characterized in
that said el asonmer conprises poly-dinethylsiloxane. 20 40) A nethod for
conducting reactions on a substrate characterized in that said substrate
conpsi ses at | easfillinpgaidaskystohahisap station siarsaidge leesttone fimdtipurpesstchitimel  and
second nulti.purpose channels wherein said at | east one assay station being
situated in a positdvafg isbRtien-MRdidh Gobedaieanesbb ifdlatkin asdiusaeend flow

mul ti purpose channels and in fluid comunication 25 therewi th, and wherein
sai d fi s atdepstispigh frsmultihemasg chiaasel; #der nal surface characteristics
conduci ve to conduction of a sanple solution therethrough, at |east one
sanpl e fluid recenmhing at kpsane reacthomatriacket least anetabsay afagions saidrggetion r st

I ti . ch |, I |.ation- di il ' i i
wth Saripangauerienr & s Rt st pela Mg T cast “one

second mul ti purpose channel having at |east an internal surface portion
non-@onduci ve 30 to conduction of said sanple solution, said nethod
conprising: obtaining a sanple fluid; introducing a sanple fluid to_at

| east one sanptle The wethod agordym @3‘!@35%@}1@@?‘}3%‘52}’1@@?ﬁfreslsffinfqlqrﬁ@d%%qdd at
25t O 570 1A ML L o AR SR 1 U1 pose channel

rumftrom sa ast one isolation nediumport to
flow into at least said first nmultipurpose channel; and running at | east

one reaction at said at |east one assay station, said reaction providing
at |least one o alitative or. quantitative data relgti 0_said sanpl e
fluid. 10 41) ‘Iﬁﬂgi‘%wﬁ@ada%%ilag claign 3 o' 56 %Ffé"regé’t‘ré}%i‘?ée&‘”is WAt there
I's Ilk'fltE&?diudea%@ﬁeﬂofé&&mn@&aﬂada&p%ﬂxh@mnQlfb@tgaa@w.l on under tenperature
control.

43) The method according to claim 42, characterized in that there is further included

the step of subjecting said test sample to at least one preparative operation.

20 44) The method according to claim 43, characterized in that there is further included

performing said at least one preparative operation separately from said substrate.

45) The method according to claim 43, characterized in that there is further included

performing said at least one preparative operation at at least one of upon or within said substrate.

25

46) The method according to any one of claims 40 to 45, characterized in that said at
least one of qualitative or quantitative data provides at least one of a colorimetric, flurometric or

luminescent result.
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42) The nethod according to claim40 or 41, characterized in that there is
further 15 included the step of obtaining said sanple fluid froma test
sanpl e. 48P 03l0ss2e®et hod according to claim42, characterizedTiSGorh@stt here
is further included the step of subjecting said test sanple to at | east
one preparative operation. 20 44) The nethod according to claim43,
characterized in that there is further included performng said at |east
one preparative operation separately fromsaid substrate. 45) The net hod
accordi ng to cl&)maaemetiod recording teahyi onctdfataimhés & 46 chahiétberediinehH A4S at
perform id at |east one preparative operation at at |east one of upon
or withi gg%gﬁﬁde %rg%%%‘?‘éet Weration %&é}f&m@cm 354t sucepille fy use imsajd eleasspnel ai ns
40 to 45reqhionacterized in that said at |east one of qualitative or
guantitative data provides at |east one of a colorinetric, flurometric or

| um nescent result. -61 WD 03/035229 PCT/ SG02/ 00251 5 47) The net hod
according to any one.of clains 43 to 46, characterized in that said at

| east one prep tH [ ovi des | ei ¢ acjds susceptibl e for use
insaidat | ea?{8§o¢l%%g[§§% |08§r)1£n é anyple ﬁg?ﬁﬁ’ﬂs@c GV eF iR iZeA o Bk there is

cl ai m& 4@urther dcludet alicstérest dgdsing at Radt dnbBAsRy réactidPcdiib el in-{dk“a!i&’gtqgasﬁ Nfe
step of disposi.ng at | east one assay reaction conponent into sald at |east

one ass&F2EFBPPHn. 49) The nethod according to any one of clains 40 to 48,
characterized in that said step of running said at | east one reaction
conprises nucleic acid anplification. 15 50) The nethod according to any
one of clains 40 to 49, characterized in that there is further included
obt ai ni ng sai d4d} Theassthashascordingtalany ahe viclaimsaDU8] eHarattrdad i thbi 42k 24P

fl uoresc . . The et hod according to cJaim50, characterized in
that sai ?@&lgégg@éﬁeg&ioger g%’ %Hprbi?sﬁg‘:l?‘éé‘ﬁ{d FAifGAtiaN- ndi ng of a

fl uorophore or hybridization of fluorophore containing probe. 52) The

met hod according to any one of clains 40 to 46, characterized in that said

50) The method according to any one of claims 40 to 49, characterized in that there is

further included obtaining said at least one of qualitative or quantitative data utilizing

fluorescence.

20 51) The method according to claim 50, characterized in that said fluorescence is

provided by at least one of binding of a fluorophore or hybridization of fluorophore containing

probe.

52) The method according to any one of claims 40 to 46, characterized in that said
25  qualitative or quantitative data is obtained via probe labeled with at least one of a fluorophore, an

enzyme or component of a binding complex.

53) The method according to any one of claims 40 to 52, characterized in that there is

further included the step of displacing said sample fluid via isolation-medium.

30
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25 qualitative or quantitative data is obtained via probe | abeled wth at

| east one of a fluorophore, an enzyne or conponent of a binding conplex.
53) The mwole@3zzezording to any one of clains 40 to 52, chrarscoenizzed in
that there is further included the step of displacing said sanple fluid
via isolation-medium 30 -62 WO 03/035229 PCT/ S&2/ 00251 5 54) The met hod
according to claim52, characterized in that there is further included

i ntroduci ng se &e)nti ally said isolation-nediuminto said at |east first and

second nul ti puPpbdee makidmererdingsy clpira SFeehasstaizedindhaighers it fuather Beluded
: o ! CTeTne y - PIC HEEHOD & T e og | 1t
S at bbb doBanG s i AR Tl oy e i AR i

at | easthasmedond mul ti pur pose channel . 56) The met hod according to clains
54 or 55, characterized in that said introduction of isolation nedium
provi des the purging of air fromsaid at | east second multipurpose channel
and 15 the purging of said sanple fluid fromsaid at. |east first

mul ti pur pose chan i i e zhS i ig: S assay
Stati on Gont ai png S aNHRRARG BRe 8 o o atRlcDePh (R S B LB 125
or dfy diret ipfrodicei imto 58idtableds finktenuldpuenstechatue] falosvehbyUntrehrrian g6 kzddti n
t hat thqre is further included the step of exposing said at | east one 20
assay stgFf8%”?@“?#?%&W%¥Fﬁﬂ¥wg8) The met hod according to any one of clains
40 to 57, characterized in that there is further included the step of at

| east one of solidifying, curing, and polynerizing said isolation nmedium
25 59) The nethod according tg any one of clains 40 to 58, characterized in
that exposed for Thomsthe agqerdingiteiclaimy Hhen 55t phasacterizad swthehshidinttodpetiquaste

channel . RE . j.€ ; i.an nmospher e,.adhesi yel
nechaniggﬁﬁgPagghﬁgﬁﬁg%?%§P€g&gﬂgggggﬁggg??§€£g%%S?@%@ﬁﬂﬁhﬁﬂ??$b flgnd
chanpsel shepuwginigldf sgidwaihledhripirem daid al leastifint mukipuaiosechamel, winltidg iffhe The

one of clains 40 .to 59, characterized in that there

net hod accor di .o an
i s 130?231011 ofSaid at ?eagt one assay station containing said sample fluid.

57) The method according to claim 49 or any one of claims 50 to 56 when appended to
claim 50, characterized in that there is further included the step of exposing said at least one

20  assay station to irradiation.

58) The method according to any one of claims 40 to 57, characterized in that there is

further included thf; step of at least one of solidifying, curing and polymerizing said isolation

medium.
25
59) The method according to any one of claims 40 to 58, characterized in that exposed
portions of the said at least first and second multipurpose channels are sealed with a solid from |
ambient atmosphere adhesively, mechanically, or magnetically after the first and second
multipurpose channels are filled with sample fluid and/or isolation medium.
30

60) The method according to any one of claims 40 to 59, characterized in that there is

further included heating said fluid sample prior to filling said at least one assay station.
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further included heating said fluid sanple prior to filling said at | east
one assay station. -63 WO 03/035229 PCT/ SG02/00251 5 61) The net hod
accor di ngwoesobszean 43 or any one of clainms 44 to 60 when appscizdizso claim
44, characterized in that the step of obtaining said sanple fluid includes
at | east one preparative operation in a sanple preparation chanber,
conprising at |east one of exposing said test sanple to a |ysing buffer,
elution buffer and a washing buffer, in order to obtain said sanple 1 o
fluid. 62) The method according to claim6l, characterized in that there is
further included adding a flow pronoting fluid to said sanple fluid. 15
63) The net hodlxcBermiéthed scsowling i ddimot3 G2ny ohapbdaisrs 4etd GOrwhenapperded tat

| east one. preparative.operaliion is conducted upon,sai.d,substrate, further
conpri sFRR gﬁe&?f"’é? riged H‘dﬁ?@%‘? HgP OE%‘?J‘BIWCES@F‘E’?? %“lgﬁla"é?&%% %F‘%tr%’fa e the
entry o i hdsi ' i HAHBLE b6mphdifk atdem shdbNekposisk said
sanpl e, Ege@&%’ﬁ?%?p%ﬁﬂtx%ﬁggfsgﬂgg%@%r?tfbf d. 20664) ﬁa“‘il'h{ig. nmet hod acc.orﬁg_i ng to

cl ai m 685t simplatt elysingduffer, ehtion daffer andepweshingdiviiar, im grdsafciobtaiisaidrsamele
perforngd. by agitating said substrate at the resonant frequency of at |east
one!bf nghﬁdd substrate and the sanple fluid contained in said sanple
preparation chanber. 65) The nmethod according to claim63, characterized in

that said agitating step is 25- performed by agitating el ectro-nmagnetically
magneti c beads in _said sanpl e preparation chanber 6). The msghod

. .66) A
according to &3y Wrenghodacsprdingsie daime, charagteriaed in thatithers 1§ filpther ppaludeds
further i b Al sl YhipRr kg fer contained in said filtration
chanbera#@ﬁ%gggglaé}gﬁ%hﬂ?ﬂ@rﬁmﬁ-gradﬁlreént I nduced convection flow, and
causing nore nucleic acid nolecules to enter into 3o solution. -64 WO
03/ 035229 PCT/ SQ02/ 00251 5 67) The nethod according to claim66,

characteri zed i hat there i,s further_ i nclyuded . i
sur fAact ant to6§gi eéﬁ}%?cg?%c%rgﬁgetlp N a(3Ir’1]t6a1i ?{e& ’ %}]m%cgeinggé g‘?r%hgésagfegg%é Ton

chanber pref@htiVé1epeRtiding cactuotediupon baid ehisitiated Rirthier eviyprivives Bt sebaif apitdidhigt o 67
when appended to  claim42, characterjzed in that saiéi,test sanpl.e is at
| east osfad Wbsﬁéﬁ?ﬁ@@?ﬁeﬁ @f,’mﬂ’ioﬁe‘g? ghtrg pfnucleic acids, contained in a nucleic a id

containing test sample, to enter into said sample fluid.

20 64) The method according to claim 63, characterized in that said step of agitating said
substrate is performed by agitating said substrate at the resonant frequency of at least one of said

" substrate and the sample fluid contained in said sample preparation chamber.

65) The method according to claim 63, characterized in that said agitating step is

25 performed by agitating electro-magnetically magnetic beads in said sample preparation chamber.

66) The method according to any one of claims 63 to 65, characterized in that there is
further included heating said elution buffer contained in said filtration chamber to generate a
thermal-gradient induced convection flow, and causing more nucleic acid molecules to enter into

30  solution.
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10 filtered before injection into said sanple introduction inlet. 69) An
apparatus for sanple fluid analysis characterized in that the apparatus
conpri seswoa3®ss2zd rat e, said substrate conprising 15 a samplrsGoe/eqar at i on
chanber and fluidically coupled chanber or inlet for receiving a
flowpronoting fluid; a test sanple introduction inlet fluidically coupled
to said sanple preparation .chanber; at |east one buffer introduction inlet

fluidically coupled to at | east one of said 20 sanpl e preparation, chanber
and schanber 067) flhemethnd acerreingtn glaim Bl oshapaciuged H&Bﬂ tt}gfa;mp ﬁ’“%?’f %’Fl‘faeg a
mul ti purpose channel f|uidi. - i LR EHaBber.
chanberSt%F ofﬁaﬁfgl%sru Ptapt'r}{ glfu(&% L‘th%}n g@g@%g&%&%@ﬁﬁg%@gﬁﬁ%ﬁrﬁ% flu d;e1 ar?r assay
station; an arrangenent of at |least first and second nulti purpose channels
wherein said at 25 | east one assay station being situated in a position

internediate and in fluid conmuni cation between said fir nd secon
mul ti pur pose €BhAhemethosiaceerdmg 18 qlaim 4g\r @BKPRGE ‘i"?”é‘ﬁ*élhtto ? % W%fB PP %1%168 iy

fluid flow fy %g%&;tgrﬁ@é& Msaiaftes%giﬁ%%@mé& HeaFbalobemzed) anksted and

chanmber“8r T receiving a pronoting fluidto sai assay

st afgl ongilteéd Béfoleciafdctionmtassdyansgla iitmductemnkt. f 1 ui dically coupled to said
assay station. -65 WO 03/035229 PCT/ SG02/ 00251 5 70) The apparatus
according to claim69, characterized in that said fluid conmunication is
via at least first and second assay station channels in commnication with

said first ape) serqpdraidlhi PHpkOSeidGRaNEE cRaradiddizedhie tiep pRrppuatsccor di ng
to claimao69 ord)70, characterizgg@i n that said filtration 10 chanber

conpr i sesnmiss$:nt ered gl ass bl ock which seals at |east a portion of said a
sanpl e preparation chanber. 72).The apparatus according to claim70,
characterized i natshbstrage sz sehstratstcoaphisings to said sintered gl ass bl ock
for filtering white blood cells through said sintered glass bl ock.

15 a sample preparation chamber and fluidically coupled chamber or inlet for

receiving a flow-promoting fluid;

a test sample introduction inlet ﬂuidicaliy coupled to said sample preparation
chamber; '

at least one buffer introduction inlet fluidically coupled to at least one of said

20  sample preparation chamber and chamber or inlet for receiving a flow-promoting fluid;

a first multipurpose channel fluidically coupled to said sample preparation

chamber or chamber or inlet for receiving a flow-promoting fluid;
an assay station;

an arrangement of at least first and second multipurpose channels wherein said at
25  least one assay station being situated in a position intermediate and in fluid communication

between said first and second multipurpose channels;

at least one flow control element for controlling fluid flow from at least one of said
sample preparation chamber and chamber or inlet for receiving a flow-promoting fluid to said

assay station;

30 at least one assay station channel fluidically coupled to said assay station.
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15 73) The apparatus according to claim70 or clainms 71 to 72 when appended
to claim 70, characterized in that a sealing | ayer seals at | east one said
first nulwDopwszose channel, assay station, and first as®ay/s&anizen
channel . 20 74) The apparatus according to any one of clains 69 to 73,
characterized in that there 1is further included a diaphragm which seal s at
| east a portion of said a sanple preparation chanber and a vibrating
actuator for vibrating said diaphragm 75) The apparatus according to any
one of cl ai s 769 Tths apparaiyp agcaediog t%&gam 09, tcharecterized 1p that seddluid e conpri ses
at | east one .of.(a) gl ass, | ast | C I o (o : htesq(e)
i 11 concordamiers oot A5 R B Connt S BaR ARy o i GRBA! &ia ¢

€ appara
char act gfst &@0sdcbnd haltighdddde Chaagtiger conprises pol y-di net hyl si |l oxane. 30
- 66 : )

71) The apparatus according to claim 69 or 70, characterized in that said filtration
10  chamber comprises a sintered glass block which seals at least a portion of said a sample

preparation chamber.

72) The apparatus according to claim 70, characterized in that an absorbent adheres to

said sintered glass block for filtering white blood cells through said sintered glass block.

15
73) The apparatus according to claim 70 or claims 71 to 72 when appended to claim
70, characterized in that a sealing layer seals at least one said first multi purpose channel, assay
station, and first assay station channel.
20 ' 74) The apparatus according to any one of claims 69 to 73, characterized in that there

is further included a diaphragm which seals at least a portion of said a sample preparation

chamber and a vibrating actuator for vibrating said diaphragm.

~

75) The apparatus according to any one of claims 69 to 74, characterized in that said
25  substrate comprises at least one of (a) glass, (b) plastic, (c) elastomer, (d) a composite, (e) silicon

and (f) metal.

76) The apparatus according to claim 75, characterized in that said elastomer

comprises poly-dimethylsiloxane.

30
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