WO 03/ 035229 PCT/ S@2/ 00251 5 , SAVMPLE PREPARATI ON | NTEGRATED CHI P [ 00011
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 the apparatus and
designed to provide for isolation-nediumsealin ations.
100091 BAGKGROUS AN PILE DIERARA THON ENIRGRATERGHIR o' becor 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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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.
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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 oyedcetls preiat isplateg Sios a W@AV‘}JE}% 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 ¢
sanpl.e pk [ : : ks Qaad

di sa} vanatl'%%é%?@ﬁ%@%??%ﬁ‘%g{ﬁ%ﬁ%Q%hﬁr’gﬁ%“%‘?‘gYél %‘g’%%cﬁ%\?gb?eéenttcl 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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anal yse under st an genetic rnformation functions in diverse
types ofmici@inagitasdd gssays exsesnberipre, thikireg dbont arddytodemphie gathwequiring standt oy
the binding of . certain target nucl.eic acjds nucleic acid opes der
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conpl eMeRt@hYmictEAHS HetRes dShdtPehiid l’sinﬁ%lé%&ép&fhtfoﬁ ehbé Hitergated bnioheelspi 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
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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.



-2 WD 03/ 035229 PCT/ SGD2/ 00251 5 [0009] Chips to which nucleic acid probes
are attached can be used to conduct nucleic acid analyses. Probes can be
attached wD ospa2edi c sites on the chip, such as assay st atPCarss02/Mesay
stations are situated in areas internediate between first and second

mul ti-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 nmethods utilizing arrays on chips are 1lo
advanf agpgys] ORip S RhRHGRCRIY R Vﬁbb@\m BftachbdTbdr BNeed fo copdid@ueleicpicat essi ng
that can increase the rate at ich anal yses can be conducted as conpared
t o conveanalysnnlProhes eabe aftdched aifspegific sitegnrthe phibotuch A assay sietiongnpgyseay
preparations and.el ectrophoretic.separatians, r t cl e ' met hods
(st hg. ot B sy i BRAF RS aRRRR SR R el Bl
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maki ng current chi ps and associ ated 15 nethods of using sanme very  expensive
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| NVENTI Ghk [0 32)hith endlyeseah bé ooteluticdns canpired ot @avemioaalmethodshwhichpfien at us
and assay systens, useful, for 20 exanp]e, for detectin; ana di aglnolsj n ({ he
pr esenceealirelsberatengve saapls PEParaioys %wﬂo?l@éfop PTG PERAEAHIONY L wEgnt figeletc act

ampl i f i gl ity Ay Bloaty RepirPborlex BRRHIBSARAE TN A idfiiBh Mg lak N hicrIhe

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 tri al[ﬂﬁ’ﬁéﬁ%@?%@@ﬂﬁﬁ VBNTIGRCtions that indicate the absence of a

parti cul-ar such as, but not limted to, a protein, antibody, 30

nucl ei c i . , i ndi cat . Y ed
in the a[? @iﬁo{;ﬂe a%%?%:lﬁllagrrn%}a% g g‘g‘éf@‘{%%@g‘:r‘?\%{‘%%‘%&?ﬁ‘ croc %:S% )égéétglgrg g%(ﬁfglt Rr
conpoi S eexamples fntdetntingasdyfiagtaingthe pleseree of ebehcasEhseases time sadjestapd/or for

comunicate with a_first .and second assay station channel. .Al's rovi ded
re s pReboe AT S B R RO AT G RDUR Ok PR PHSugh
whi ch saRplRis&Od sifbis@ite 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.



and/ or isolation nmediumcan be introduced and conducted through the

m crochi p. -3 WO 03/035229 PCT/ S&2/00251 5 [00141 An enbodi nent of the
present iwWoeadxIis directed to an apparatus for detecti RgTaGodIERSASE
conprising a substrate, the substrate having enbedded in the substrate: a
sanpl e preparation chanber which may be configured for filtering white

bl ood cells; a sanple introduction inlet fluidically coupled to said
sanpl e pregarat ion chanber; a buffer introduction inlet fluidically -
coupl éd t[801HeAn ambodimenteyidheapriesant ithantiar is direttedwr o ppdiatRdof detbdinghanber ,

10 st mher f toring fl noting fluid, the st hanb
o) 10 oL oA LS Ihg ot Rroror ng, (L £ Lhe storage chanber
pr epar at ipgépaedtintBEmbéiidiieaky e %&%@ﬁ]fo&) ﬁﬁt@% Hhv6R6E @8}%? ?%%Jli’%l d

chanber. The present invention can er conprise an IsoO evi ce
for isol rtrefichermiinks fividicallyi gomploditasaidsdnnle drepmration demstarpl R @RATREHG

hanber t ing fluid chanber: a fipst multi .
it 1 buiSiet et ol AT AP afiafo Ghimbers oy sipprirbindghmnbena
charher ; sekagechaiberter ass@y 6% arb@bing Neidf itk %%ordgé!ch%rpl?w fﬂﬂ&‘ﬁg&"@d@%&@rw the

fluidically coupled to the assay station; and an isolation

i sol at i ngoRnRropwting fiidhamberyand the sample mtepparatinntchembércivigicaliyptdupdedstb dhel
chamber L t At | urality. of assay.stations. Further there
may b pr oy ORRe fiult AR MR ehy oot AT ettt device

i nt r oducfaresolatinigetnd petmittitigdidv yf & Gujd Rentiee Sahid presdratiot dHamdef RARE ASHANNE! ;
second nul ti -iglgr oquel} C annetl ,, the second 20 nulti-purpose channel

f1 ui di caPioyPe ;ﬂo“é chamber, & Tysiagyltiguapess distrhition shanmmeb i uidivelin couptedtoatie de

venting, fiwvigtombeng MhidtchihbirdhQald i seg@nd multj - pur pose
channel . Thg}sarrplge 1prepar'arf i on scﬁ%ﬁg%?}% &?tﬁen’s egfr%tgnéu W&ﬁ%O@F,ChT"ﬁ’«?{
f 1 ow pr offeidically pounlel torbaaseay, stativen; and ay isslasibh device fobtholdtiag GHAPBGhiRing My De

enmbedded i &b trate and.can he, if desirable, sealed fromthe
envi ron rr%f\r% ﬁ‘lﬁg 3} %%?@E’%ﬁ%‘ﬁ%{‘ﬁgﬂ“i@&g&ﬂ & fﬁ”? AESaY HoUeR/Plorality peassay stations.
f | ow pr ofmthien thetd miagibe prwtied at Ras ons PREEALEIduEBAMIE fre R, fgrab%dﬁét%rna}gl%t
chanber fs%&ipgﬁntte and the functions perfornmed in t hose chanbers are

i nst ead errisd to e drsiapnkt preewchannsh seermdiveylti-juf@ike thakel, tler egaidg
appapat ug lqa@,\rpgs RRAR t thod- of the present inyention
of det ectlilr_lg a _preesencgﬂ%g&gggg{’\&cdée%#tgéglgggg%{éqo%?ﬁ‘%ﬁr.‘miﬂ"g}%é?rﬂaﬁpwv hod
i s di r ectenting, 3gth e idetdbiidinglyacquplesan dee etormbasiiicRirdse 2hlineL BK: shghie. in a
test sa ubj.ect such as, for_exanple, an _organismsuch as, but
ot | m@%%.r%t%}%%%nﬁgﬁ, {he stqr%gﬁcgiagﬁar, &%?W-Ipfrwﬁglgé}l@%ﬁgwy, the assay station,

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

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.



The nethod conprises the steps of. (a) with the isolating device in the
isolating position, depositing a specific DNA fragnent in the assay
station awoodiyizey t he assay station; (b) applying a sealPcagdGoay@sito the
assay station; (c) injecting into the sanple introduction inlet a 35

bi ol ogi cal bl ood sanple; (d) injecting a washing buffer into the buffer
introduction inlet to form-4 WO 03/035229 PCT/ S&2/00251 5 a m xture of

t he sanpl e of blood and the washing buffer in the sanple preparation-

chanber ; ; pgkturé 8% BAnFI6 df BI8bl Snd heSeRBINgbRTES BMhebinide plepadtiorbhanbdrh@)ei n
| eaving said white blood cells in the sanple preparation chanber;

,
i nj ect i ngrusingyreil nellsdaferarate from white blopd eells; hereimlsating saif fyhete blepd %lf% i thee

white bl ood cells containin . ; i ' ie0n:.i VEi
R e e et
pushi ng hRevhivshlogt sullkf @htairihe DINVE flabmentd Shtp seliién ghé lysing talfitert(g) ;injetting
diffusing a chem cal fromthe chem cal storage chanber

A 2 i nto.the
f1 ow pr oages ngp theshapletpaenseation chymbery dieryy il m&@%}fﬁll&ﬁqbl&féﬁﬂ%@ eI i t

flow of the lysi f . i i . j : [
pur pile BrREnHEE T BHEE i BRh SR et AU I LbrinabEl i,
is filledowfrBmbtigg Ayilichambert {ip causirg the isohgion deviBiNa ferai flomt of th¢ k)sing buffer
anplifying the DNA fragnents; an 1) .detecti the anplified DI .

f r agnment gontaiginedeRiA|fragpgepts I’Efﬂégﬁ%ﬁ‘%‘ 1 PP FHY £ 10% dptepting,
plan vie ayiing ALRitR kheAPsiRY SIRE ANt SRRPIHR DN AR RRpRlcn®) (K

i nt egrat \gg%f%%% chl%n?%ﬁlgccortgg}}]cgﬂwéth t he taeac- ings of the pr <(as)ent

i nvent i ommpliBaddihe BING fidgingnts; @idd® detesting thetanplified N A fipgeanis. of FIG 1;
[0020] FIG 3 is a plan view of the upper surface of another sanple

pr epas at j0on7] BREBF DESCRIBPION IOTHEI PRANWRNEDr dance with an alternate
enbodi nent of the present invention; [0021] FIG 4 is a side view of the

exenpl ar yoaBj FICf 1 ¥ SpladieWOSFARE uppebsuceiof an epdmplanyi samiptd praparati@nintegrated
mcrofluidic chip in accordance with the teachjngs. of the invention;
[0023] F(SBD gBpimaceopianse Wit fhegrachingsiof Sepieiepo¥eRBt ary i crof | ui dic
chip; 25 [00241 FIG 5C s still another view of an exenplary mcrofluidic
chip in 938} BEneiswiside vieve of thegxpmplssy op 0hElGrlesent i nvention, having
sanple fluid and an isolation nmediumtherein disposed; [0025] FIG 5D is
anot her M9BOHFH® R is efplamviex efiiearpensuefase pliansther sample waspariion apperater| (§PH

20  chip in accordance with an alternate embodiment of the present invention;
[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;



and isolation nedium and a detachabl e absorbent; 30 [0026] FIG 5E depicts
the chip of FIG 5D having isolation nmediumtherein disposed, sealing

sanpl e flwodsioss2a9 pl urality of assay stations and an absorharsiGobes2sng
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 merofluidic chip nade in
accordance with the teachings of the present invention providing another
seal i ng arrangenment; [0028] FIG 6F shows another exenplary sealing

arr a@gegsg% | HGRC 8,%? ﬁg%a&ﬁeﬁl RONDRAS elﬁ%@g?tg@gﬁxgia%ﬂua{@m AMhdeli9029]

FI G epicts ano r exenplary m-ocro p nmade in accordance
+Wi t h t hecordendeasighihe gachifigd dethe presaidtiioventipd pRO Lty @Sther Aealing Arrangdnoentan
exenpl ary sequence of filling a plurality of assay stations with sanple

fluid; [[003}IF16 68 shois droftBr éxéhﬁlﬁytsié@h?gaﬁngeﬁémmﬁ a@brdeaopivithfahoihdr dspean

i solation médiumand sealing on one side of a plurality of assay stations;
15 [0032f the BSentiv@; | - 7C-4 show the sealing of another side of a plurality
of assay stations by an isolation nedium [0033] FIGS 7D-1-2 shows anot her
exenpl ar[p02% 666 dépidts hndthmy eaomipleaimicrgfhadisl chiaadeyingecordansgy-vathdhe ons;
[0034] FIG .8 shows an .exenpl ary anal yzer system according to the teachings
of tifle it??é%”e{%gﬁ"?gﬁwﬁ?gﬂ?i on; [00351 FIG 9 shows an alternative anal yzer

systemthat maybe utilized in accordance with e instant jnvention: .

[ 0036] OG0T TIURephck 2h Tk Do a SRR LA R g PR phaoes b vy
in accors%g&eﬂ rth the present invention; 25 [0037] FIG |1A depicts an
exenpl ary Sanpl e fluid preparatory area; [00381 FIG 11B is a top plan view

of sarrpI[ %gslg;ﬁlgsp?ﬁﬁ%ﬁh%éﬁ%@@is@%féﬂx&t ]g)?'sdnﬁile BRR3R bnRLatidPmé@RhCin @ top

vi ew of stattons having exe ary ow pronoting structures; [00401
FI G 13 sedlinssorexengidessfia fltrality ofestaychmiongl's of an exenpl ary assay station

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-



configuration; 30 [0041] FIG 14 shows an exenplary bevel that may be

provi ded according to an enbodi nent; [00421 FIG 15 shows anot her

exenpl ar ywermbosi2aent of assay station; -6 WO 03/ 035229 PCPCISG22/02351 5
[0043] FIG 16 depicts still another exenplary enbodi nent of assay stations
in accordance with the teachings of the invention; [0044] FIG 17 is a
side cross-sectional view of an exenplary configuration of channels in
accordance with the teachings of the invention; [0045] FIG 18 is another
exenpy ar yogsPpr. Teepfls s anBEESedeRtpldFy ehibBlithchPIRls&viBf fdndh ackBrAREOHAHNT
to the teachings of Phe invention. [0046] DETAI LED DESCRI PTI ON OF THE

| NVENTI Ole fep0Uinps dhibe prvesi@ort; i nvention relates to an apparatus conprising a
substrate having at | east one assay station in which the at |east one
assay st044InFlaad 7as a kidastosasdctiond] viess afarséahiphay cheipnedtioarnd chamnepant i cul ar
enbodi nents may have at | east_a second assay station channel. As utilized
her ei n, 3ckerdence withihedeashings af thg AneleR; pes the area at which a particul ar
assay takes place. In particular enbodinments, an assay station conprises

an ar ea [B84MdE&. BY is ansther examplenyi agrhodiraent of ghgnels formpetighe sempier testingnd
second as . statdo e] S, - . separately are in comunication with

sai dl% atacﬁgrﬁérfgtgkfée%%%é@gs%?gﬁlgﬁ&ﬁﬂﬁ' arrangenent of at least first and
second i - ) Vi i,ch are in fluid

conmuni M@ﬁﬁgﬂf@m@@@?@ﬁ%% mul ti-purpose 20 channel
and first ‘?735 station chan&el have internal surface charﬁct_eri stics
conduci V8049 Thegmersat 1yentiop relalos iprbarpralys SeRTiiieé whgtrinhavies adeasipre, i f
an aqueous fditiod if WHRHRRE 8t 1o BN Qs%alyb staﬁ&ﬁhm@wagla%le@éségﬁstﬁdn%&mel and in

hydrophilic¢ or are treated so as to 'be hydrophilic. I'n particular
enbodi maatticularsmbotmpmtohaypbaveiat ldasira sshomhassay (taforrbaniet. Ak atitizedhdarein; he

provi de articul.ar .conduci ve or ng: conduci ve characteristics.t
D P consrr A i oGERe ' Fof bt IRER SRR P BRECHRSY. diRicufr
rel ati venpedirBéds, an @by setief tehpises ah @rdarbotfdailbyi iSdkticimediGRd &lr cRbmpRASt

one sanple fluid inlet is in communication with the at |east _first . .
mul t i - puhs§aid lrstandisesond asspy statiop shannstieeack sgparatel asean comupication yithygaid

conmuni l%regarbnwam tsra%ga.t A}u%?r%ﬁ%éﬂméxﬁ bf Qt{}gast B %gtgségyﬁﬁf fﬁﬁ%@ﬁ%& aﬁﬁl@as}ﬁ-

The at least one sécond nulti-purpose channe east I nterna
sur f ace pporidédowhich areciprbiidt ¢onempgicatomdweith said asshy statich. SEmpfist swltitpumpnse For
exanpl e ample fluid.is a he,second. nul ti

charfel CPEIH{?S} g’lgc{#l?sgasga 6111(31 cglémnel have Hl eerr01 Ssh ace characteristics condl?clilxl;ep t%s €

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.



hydr ophobi ¢ or woul d be treated so as to be hydrophobic. WO 03/035229

PCT/ S&2/ 00251 5 [0049] The apparatus can further conprise a sealing |ayer
whi ch seawe taw3jzeast one assay station. |f desired the seaTiSey2h@ger can
seal only the at | east one assay stations or can seal portions of the
apparatus substrate up to and including the entire substrate surface.

[ 0050] In one enbodinent, the internal surface of said first multi-purpose
channel permts flowhrough of at |east one of a sanple fluid, air and an
i sol at i oppIRtT W AAAnIREn RRHRF Bihprld@ SYEERERYG wREl shakef Mg e dstayRudtRase
channel O@e?@its tp%e f"fsovx?m}éugh o}? at | eas %ne of air or an )

i sol at i difidesichdithe fFating kyeratan seal dnlyi the at lsadtlooaassapstglhonsioe cammal porftions df the

[ 0051] In another enbodjnent of.the invention, the internal surface of the
nul ti -p&%@@@lséﬂé% up tSr‘i‘&?b‘?C?‘édlg%ﬁ?a?B 4 lbftF?ée %‘}5%8% assay station channel
i mredi ately adj acent to the intersection of  fhe second assay stati.on
channel [ﬁﬂ%"]tlﬁ‘é’@é@@ﬁ@lnf?ﬂ?:ﬁlﬂ‘ilﬁm§%rf%q%ﬁ feid ﬁé?tém%‘tpﬁrﬂ?éﬁ-cﬁ%ﬂ‘?ﬁ pUs 15 t o

conduct | @lvflordR o aPBIR b, b4 dlathpld b, EERAFLIROfbM R ARPHS hifeldl ! N

| ocal i zati on of sanple T Qi t(}gt e assay station as well as the sealing
and 1ios ol satfaenodaid eeombimalyi-mirpdsechantjed p&alits Theflsuthsiughtod atkeastlvee obaif bgam ed
such that at least first and second | ti-purpose channels are in

conmmuni déﬂlf*féﬂ?‘mealﬁnhb‘ﬁlliﬁ%lcf”? cb‘fe%@mﬁlg&f{hﬁﬁgnwgﬁfcﬂe first and second
assay station channels, respectively, of said PI ural%{%}t}/l of _assay stations.
The pl url@95%lyIngnothsxempbegdiment oh thejngeripngthe ipfgmal Wpfaps fihe BUE-PIERSE chsmachf
simulta i ikd DG ' . j with
I e T D A e e

mul ti - puhpszend assay satien cindnél hed the stombsali-pirpesechamgichmedioth noddcintducival |y,

the plurality aof assay stations.can be .arr d to proyide at |east one of
Si mibe artaseadsfion 8 i satiate FRRY T mbediBertpaiet e Citn Rt p Rt
channel sy {dhk Rssal SRkish hPRIMBIINReAlhgsRalisdlRnlf tiedstdyyst@fonassay stations.’
25 [0053] The assay stations can have di sposed therein at |east one

reactio ﬂ(ng?szz ApheGAPRRAE N beleBhfi %\%@ BihGhat! dt 1264 RirsSan@ QB oRIRh@ti§fhrpdsBRhannels

reactio ay conponent can 6 - one or nore primers and/or a probe. [0054]
A sanpl erd inudognrvmieatiopavithrepliraligp ohassdycsietians vid the figst sadvpricend pespy station
' rea and

P cpar actameEn SaBargH: BFseRE SR S AR, S Tne b b R SR ©
el epgnt at@hgsDipi@Hld Adedst ohcdbffdiultineoas od easdntian@iliag oftieplwhkityrdlassagan be

i ncorporated into the apga,r at us, or scﬁgstr te. WD 03/ 035%29 PCT/ SQ02/ 00251 5
[0055] Fhéons wihdhe samls Buidsatugon ondnstediiacrriorda b af astdupiSPYHRBAR be

faci it afathelWaddife 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.



introduction of a flowpromoting fluid in to the sanple fluid via a chanber
for introduction of flow pronoting fluid. [0056] The chanber can be in
comuni cawpooa/osdeh a chanber for m xing said flow pronoti ®gT/SGozw@sw t h t he
sanpl e solution. 10 [0057] The present invention further conprise a nethod
for conducting reactions on the substrates of this invention. [0058] An
exenpl ary nethod includes introducing a sanple fluid to at | east one sanple
inlet; filling the at |east one assay station and the second assay station
changel Mﬂgﬂ?ﬁ i bESIIPMEd il Heldhaftdl PRS e SHARAR can 8L ERIABA by the

i sol ation- rumfromthe at |east one isolation nediuminlet to 15 fl ow
into at ihtesBictiomef 4 flowtprombting fhuid po gethe lsamplelffuidivid achambergdonintriodueionode
reaction at said. at, lLeast one assay station. The reaction in the assay
station ‘9¥ﬂ@§"ﬁ§h*€ast one of qualitative or quantitative data, for

exanple, a colornetric result. The at | east one of qualitatjye or )
quant i t 40056 Theshamberrap be sheoammpricaiqn with 3 ghambrs fudarng sl o amometine

provi de%u?&'@h%%ﬁ%p}}?%@ut%.i ntercal ation of a flurophore or fluorecently

| abel ed "pro uorescence is enployed, the assay stations 20 in the

M D e B e L e

pro eas e ore, “an enzyne

conponeRtbstated ofkHislinventtoanpl ex. The result of this nethod provides at
| east one of qualitative or quantitative data relating to the sanple fluid

bei ng azmd&n GG metidahdhddsi iHRodicirpupdiipietlni €o HEl¢add EnexaRHb aflét Y
provided by florescence resonance energy transfer, |um nescence or
col or i médlingthe ableass ont assae sighen end ths sp@dgpsay statige shangel vig e at deaskqnens

conduct ed,on the g R be. cC I rol. . for
exanpl o P pladSs SRES HASRER R REM h tork DS 1 TRE TR m SRt ]
appas at fiswhiyitd atilédsedhk firs uijldpuipige thenntl ahd samajpiget leastatnelremtibn anwid at least
preparative operation. The, npreparative_ operation_can be perfornmed

separ at @ngaFsaBApEeR-d L Asagtiondn thiassaysiEiondupYdesAt dFagh ongol PELER VG oe
pr epar al, ¥fitSialdafl) M txERpleSa BRBAN&QFic Wshltl ThE Belesd BRd SR litadle BPQ@-Q}E_’(&E;@ at

| east one preparative oper ation can, for exanpl e,@c{)row de nucleic aci ¢
suscept dikean bopblaiediutlizing fluerecencsryshiclncancbequndded lexdatileast pree alsgteycatationi ons

componeht * Dafrbarerabpkatiyaby8RRlsnt, Phon ARHsoARE AR LGB, apiops

Theo§ eagt theRGbdRke @hdéiittaditned With atRhadine eRcittion ficqudnayi The probagat Bé c -9 WO
03/ 035229 PCT/ SQ)2/ 00251 5 aci d sequence that is asio%l ted with virul ence,
di sease labglegdwiat kgrtaane sk @ ABTGRROTS A1 EREERS PRcfopgnst 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-



or interspecific variations or differences. Such variations in nucleic acid
sequences include single nucleotide polynorphisns (SNPs), tandemrepeats
and i nserwooa®3red/ or del etions. [0062] The at | east one Pe€aEGIYN28Ni ch can
be conducted includes a nucleic acid anplification step, and the assay
reacti on conponent mght in that case include a priner or prinmers. 10

[ 00631 The nethod of the invention provides for sealing or isolation of the
assays stations by displacenment of sanple fluid in the nulti-purpose
channel s,y sfheh@Qhaitis £RodTREd With viiiRncé, Sedde @ ParfBElbtpAcmdfypb Or inériiviaast
sequentially into the at least first and second multi-purpose channels or
i sol at i oor intetkpacific aaridgions pr differenceso dwek datiations iheuckic had sequeneestinclude
mul ti purpose channgl . followed kntroduction into t.he at, | . second

mul t1 pur GOREnGr AR Po LRSS GNE b e aadindulins fyer BRbOBFE” "ni o
is of an opposite nature as conpared . to the sanple fluid, that i . ‘
subst antﬁoggﬁy herdtileet pledeqiiion W %aar?ﬁlCén‘ih}‘iﬂfiddga[‘&@d]“c%ﬁ“ea‘ilﬁif‘?’agﬁ&%‘l%‘n of
i sol ati Pﬂ%ﬂ& REQULAESn EORp S PInRcht Hf 13 East FRMdE Aiindr of BARLers. S€CON

mul ti pu?%e se c ar?nea?’ a%ﬁ 1l?he 1|"?)ur gl ngglof sal dassarrpl e fpﬁllui dof rsom gsai d at

| east, fi | £ ] . t in: ' t sal f., at

| cact® or20631,TBE hpBYY BARE (K AARAFLovIdES ety & idoiioh BEUR OB AariB B,
wher e t hdisplasehahi efsampit fluid irsthe ohiltdiphigdst eharinkie by aa isehdtiomehédidm. iThel udes a
step of at | east one of solidifying, curing and_polynerizin ai gd. isolation
medi um isqlgeRgsmediuphrap;bedp g soqBént PFIRP i ST 5&9?‘91%451‘8“ FBYente

i nvent i Qiyadhse1db i88066h 1hedifRMaA B R4 SPASREL PRt b 80k $hst riIBPAPBY Gannel

m crof luidic devices and nethods of using such devices. The " devices, and
met hods followbdbpintmdnttiannnterihé atdedshghcond snmudipampdsy shasmelf Thedbdaitonamiedism . g.
DNA,  to 25 rapidly detect.and/or assess the risk of diseases in..biological
oanes. AR R Prltall i ieh S Spaf SR Tk A pdmPatef oAPE SERRC Rl ol

det ect i ngbasmialllyiiRehisvilsik oiith tRCsanie adiact s for e. g. pharnmacogenetic

determ nations such as for genetic fingerprinting. As used herein the term

" det ect "[06¢4] T1ah@6ducBON oPisolafisi REliufbproVRIed thelplrdthPENAS foflsaidWilgat e t hat
a subject tést sanple contains at |east one di sease-associated nucleic

aci d. Byecanduhelapuipesamaantel and Hiepurging i sand saple Hwidragn seidapdeastditplecessary
to transpqr | g j . . . @i i i . h as
B L e e
el enment samplecsdation. flarthe @ise oheye thesbhtion medfunnisabhdifiable] ks instant metivrda

mcro-filter, sized to tra ite blood.cells froma human, hl ood sanpl e,
for oxarffigies s farenb ol i i Pt b ot o SRS Caen oan
be rapidly analyzed froma test sanple, e.qg. a biological sanple. In one
enbodi nﬁﬂJQS}GﬁN,e@‘hgqlgr oy noblipdmeenhodyn esent 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-



5 applied to the device,; the test sanple is assayed to determ ne the
presence or absence of a disease or assess the risk for devel oping a

di sease. wo'wBm322sanpl e enpl oyed by the present inventi o®CTiSGok/oess ani mal
ti ssue and bl ood. The test sanple is preferably whole blood. In one

enbodi ment, a tissue honbgenate or blood sanple froma subject is tested in
the assay systemof the invention. Were a tissue sanple is to be assayed
by the device and nethods of the present 10 invention, the tissue sanple is
convent i apgliddyto higsdean] he st singRs isedsHrd td ddtéredifdiht Prdsendue absinké of 8 Gﬁ&és%
and obtain DNA in a solution mhlch can be applied to the device of the

i nvent i off 250BdbY Nisirfr developingea disprsepredest é@npiﬁ” ¢mpleged bythepiessbbianention
(viruses; i t r r the like) or
Cancer ouln Rt bt (i pBER. BAPRRSsauy S eateRby SURICHRE Bl 9MEr rer o

CDNA or tmbgdiaing, atizlslﬁ-}io&bgbﬁdeWblbodissirhpl@ﬁ%ﬁﬁ@ﬁﬂmd@is&éﬂé&m&ﬂ@ Bssa$ sydtem of
fluorescein. The test sanple DNA i s conducted through the device to the

pri mer wHeraveptiopy N‘él?eé%amle $3pPIS s 1R bey aswe%bw@cs@wcpﬁn@ rethads of thermesent
cont gj ns

sanpl es }nﬁllglgt(l:(%iér anclé&vm enl? Céh‘é#gg%%tﬁl“nvagn ?ﬂgﬁﬁ%eg&%%?ﬁ@%} ? rtgrghér&g‘}ebst(’?gt S
usi ng. wédbriskandwbtaieDNA oeesleionwiash verbeapplitdiogho devicssfithe bivepson. V\her e
the 20 biological test sanple is derived from non-hunan ani mals, such as

| i vest ocj0066} E&dex’&ﬂﬁ)ld, tegiiesenGadiihRstiGusepagRipensvirisedBarteriabfi@ef, pdtbzoans,
| i vest ock, processing plantilE Dependi ng upon the particular _enbodi nent

bei ng prBtFPRBLOTERHEMS iifie %&ﬁa@r%éu@p@\ﬁaaéa detgetgd by previdiag a véms-

opt i onal {geifcGirhd? or SHNA! xdfhgrfL I reRALAIPS it B hBRHE §38NYs | nventi on
i ncl ude, anp e, humans,” repti l'i'ves avl an speci es, and
donest i cﬂmcedscpm: Theest saspld@ﬁAambndactsd t}ﬁomgiﬂhedﬂecb tartherptimeswher2a hunman
bei ng. 0681 cor i nvention, device.is . a

| ab- on- a- %%F%eaﬁ ?Eﬁgb“ﬁ% u‘i?élrlfﬁﬁzeﬂé?fﬁwﬁéf’n a’inﬁlg}‘?s‘f 1SS EFUSEE iRyt hs,

wi dt hs, fRBbghssPCRI ameters). For exanple, the multipurpose channels nmay
have Iengths of about 1 mmto about 500mmin length, fromabout 2 nmto

about  1igoenNBiologhéAl ki safxfp%@‘lﬁ Beddrddhce Wi thO pRBW Invi ik ReliPd LEHGSS. The

assay station channels 30 have sim | ar di nensions and have exenpl ary
| engt hs sbjegtsowingoveltkeawn t@claweﬂs sBCnea venipusetrsl a tissusdappyi dﬁha‘r:élac may be

ab ouf, > hl{l&o%&ﬂ%ew C 1& Herk\%ﬁ%cgn %5'19 hum%i.n Qn%‘a S glp :’zlité hivﬁ?tg%% {l?&od 1161;%:? gm

in helg can contairn one or nore

one or smmpiesahagheraly obtunable fromdiviestbelt prOBERRIE Hhned BRPedding ShcEelle borticular
accommodat, e fIU| flow %%W g? surface of entire channels or a part_of
channel §HB>&dﬁaeI§ g 95 & e COMIMRERLTEE Prowided g dpiestegy or opfionally 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-



WO 03/ 035229 PCT/ S&2/ 00251 5 hydrophilic or can be treated with

hydr ophobi ¢ or hydrophilic naterials, and one or nore assay stations for
nucl ei c awoDM3(0&5292, DNA and RNA) anplification. The devi cecalsso2/pist erably
contains at |east one nucleic acid-adsorbant surface, such as a
silica-derivitized surface. The device may alternatively contain at |east
one nenbrane filter for separating white blood cells froma test sanple.

I n one enbodi nent, the methods of the present invention are carried out on
t he devi.ce 10..f ol | ow i . 1 I MRl ®r e assa
subséanthyﬁTﬂpgﬂ%"n‘%%é’g‘WB?gfe%é@ gvg{i?]g%%? g(f’sbt} tO ghﬂégﬂhﬁgﬁg{gtﬁgﬁ’t?gl l'y i1 nmedi at}é" IS
neant regiohs faancki @il @ign@NArRndRNA) dnplifinaties The deviabelge prederekly coptgins
anot her enbodi ment, the present ipnvention al.so contenpl at.es | e

pr e- pr o esirmpesneleigac-adsarant Sriage seh %%Slﬁ@é er g}?ﬁnﬁé? i 3?‘%@15‘215? RGYi s
desired at a. | eSS filer! iR WWiite BIoBH eyecrohenedthe

t est sar@ﬁ%l%l‘s’aggérg%%}e i%ag)t(r)o%e%? ow celﬁﬂgof?{%gl%gg%/i ces or centrifugation 15
devi ces,samplé. hend éntendiBanrtpthe mpttepiaoéthiequessnivinvenios aeparipdous onfhedeass be
found in Sanbrook et. al ., Nblecular .Cl.oni A..Labor at or n

edi Upon TollpRna ek et dleREn ot AR e Praneey Agl By B e By
whi ch “t°‘sﬁﬁs¥e§xtiﬁg& HIRSARARMY A8Gt t@ullt 8 ENtaihQDBIboktE mpiueesps Qcbss Hogrs.
non-nucl erc aci d” nol ecul es that may inhibit subsequent anplification . or

i nt er f erle anbthér ¢rhiodimens the pesentdnedniisn glsecopemglaes SaBPls HERMPFEFING O -chip
Pre-processing is. .20 conventiQnal | erfol i -devhee 1.Ch G

ol ar SRR BP e Hgr el By e g AP PN oile SRRy
pre-pro bRd WRAULE tesORLIIs abrthdddram flewvdellsorimg/devicéd aricgnitidiigagionat t ach
to the device of the present invention is 6% sﬁﬁgceio nge rrgd%ll e, .Tge ts)t a?(d
al one moltuices,iasd the liliee PapplePrEpHion IatACS Y r Y-S 1527 B FUGH A 2 fmpry©
sanpl e inl et f i ?ﬁvﬁﬁ OE Bhd/ S be2iecbMPiTdhkd with kits

Pr ef erabeit'f?" %/foégcgg%@grg? é& ?Jg&%%ttro or negag%l}gdcekﬁl%?&plaéld/gg%ordan@e with the
present frdo QaadengWhatran, picg whidresienglupinsémenslrenatorppt®eDNBNA and/ or RNA is
separated from other biological macronol ecules and small nol ecules in
crude sgoPéRFospedpRgesigyndd-nidsc tidaheleiuiey thitowy, inkibd esbsegynt amplification
aspirates, swabs), honpgeni zed tissues él?ﬁr%pl es (hai Mp m)%tQSSlsvvq S,

bi opsi ePr infgereayigsthe (grescet LhHE)Ppro WEITRNCS) PLARSFES eSS f ace
swahg, Q00 130 HPbEF e 8 adviendihich@ah b modilApaRl spaptedfion die ddvire dithe
enri‘Ched and sem~ pur i 11 ed. For exanple, the present mven{gl on. ..

cont enplatsest iemeitite dThepreprocessing modide papempleics famgte Wil g °rcf§+1ﬂ’§a]§f ter

huf fy coat centrifugatjon ration: . c [ ' I 8hik $s
obt ai ned™ 3¢} & IdSV\l/g% 8#?‘? ng.%gﬁ F e%l?g% éssag%t%\lgd @gﬁ‘%&é{{@g?'ng%é/%ﬁ%hi pto
di si nt eq@te bl ANpRidiases e whithstanoatedt torsomplitunlet 20f the device of the present

=0

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
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aspirating the solid sanple through a fine-bore needle such as a 21G 28G

si zed needle, for 35 exanple. The sanple can be stored in standard

chen cal swognmbs2as guani di um i sot hi ocyanate, for -12 WO 08TGEH2ARS1

PCT/ SG02/ 00251 5 exanple, to inhibit the degradation of DNA or RNA if
sanpl e processing cannot take place immediately. [00711 In accordance with
aspects of the present invention, DNA and/or RNA is isolated froma test
sanpl e. The DNA and/or RNA is adsorbed onto a derivitized silica surface

i moRi | i Niq § e i i o i rs such
e gaani T o N S SRR BRI

adj ust edmimedptely. 2, for exanple. The nucleic acids adhere to the surface
due to electrostatic charges. The adsorbent surfaces contenplated by the
present [00M1¢11h acsordanct wikd aspratstof eheepro@adhive@ioas PNyeadkor KIAds isplatdpRbar:s
with filters; paramagnetic particles imobilized i-n_chanmbers by magnetic

fields; teshermpahd b4 and/on KNAJs adgorksdiontp 2 degivitizedsiicp sadaceimaedhlizsdoad on

convent ANy agneg e e S ap e EIlfih & kb AR Raflf B ARy o or€
mac r1o no INFE11 dissolvbe inDMACRINA Tris-H Okadjasdted oD Y.2cfoaaginnge.t The olvddig acidk

surface and/ or_nucleic acid using buffer _of neutral pH (including water),
ei ther BYPFOIURF UG H gsgﬁroa & Siprgeh g adspraenf pulaarTeonGrmRlaiRg by the

| Nt r 0dugtds@rt inVGE0h RENARIpFHME bOsTERsCRAE)HIOH ChMRbRIWRRTRINE OF active
val ves and punps, positive pressure. 20

negative pressure suction or
Pr ef er abiupmagesiic Mﬁﬂg%eimlmbéﬁz’ed tin ohhmatets hnmegnedie fighlsi @ mehbgnene fdtersior e
punps, such. as. syfi.nge u nual .syringes eristaltic punps or vacuum
punps. f@%%%ﬁﬁqﬁydgé%g?saéﬁrgg@a?ﬁsgggﬁéonécs%@ﬁge%?p?ﬁ%& present invention,
nucl ei c I are.anplified,at . .ass stations. digital canera having a
condf ng B 2hErioRe or i Rigiei B8 i Guyiitonaly vl frachin spwoagl oyed
to det e@élldlir@iébﬁ@én&ﬁﬁ&bﬁioi‘ecﬁ?@é(@}ﬁﬂﬂﬁmﬁ}ié {nesl elf\ﬁéamry]gdnsng%ﬁgme%afg% drhe 25

icien

wel I's. Nucleic acids are selectlveky amplified to su | uantities for
di rect @anfrcsiand(or avrdeia scid gaing bufferofgenial ! Gncluding waten), migher by forward-flow
post - a i1 catdon. St . 1.t |0 cLl .contenpl at ed by
Phe. pr eden PR AR PRESpHS bf rfbTB icdhBlde W IRE WA GERL SRR R
| i gase udiag passwaot activeoralvies atdpumpd, neggiive prasaire suction a€ podiinge pressutyle
enbodi ngnt,, reverse-transcription step (enploying enzynes capabl e of
Fovet s e EHEy FHeRRRIES SO Ohoat ity PiR ryRNANE P BOEP U aTHon 28 SHAS: e
the mai purApdahbsiatifgesSh@Rtaldd AR deL8HR peihpENt a reverse transcription
step is conbined with the DNA anplification step.

[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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[00751 In accordance with the present invention, nucleic acids are

I ntroduced into the assay stations together with conventional reagents for
t he anpl iwDgaws229 reacti on such as enzynes, priners, deorgmiSeopoeebeoti de
tri phosphates dNTPs, fluorescent dyes, detergents, salts and -13 WO

03/ 035229 PCT/ SQ02/ 00251 5 buffers. In an alternative enbodi nent, sone of
the reagents (particularly prinmers and/or probes) my be pre-applied to
the assay station and dried; these reagents will be solubilized on contact
Wi th 4 hepiffeQNinng afigmRlifd ERBERRAENL doM & 1A XeapbhtS GRARA Ty WtilersBnd/or prob
characteristic, inmscible phasne’ such as M rgneraﬁﬁoglq, \IX/aqé}Jl %rslgnt ne’ls I?g),
can be adaebe prs-aphbedtoi the adsnystgtioroand dirednthese reageatsneillbesbivbilizien contact
sanple/re nt. mxture. The impscible |iquid wll "seal off", flu;?)].g'c
nccess T GeinEmIbE S Aol A S0t iy SRR Rl on
the unweithedsuth %k Min&hl 8ilSvaxOMdans BkQfcan bOSIRATE et thRhghiohd of ke Of

adj acent” assay stations. [00’761'The assay stations on the device of the
present channeht aften thespaniple/rpgeny auxtiure. Rhegméenidile Jiquid wiill fiseal off” flvidicdicoessgbons

or in three-di nensions, wth.each.having an | ary vol une ngi from
aboul 1 T &t R0 gplhne heS S oPBie Y et R Pt B Rt Y Ehtehss o ne
capaci t ythé &sdystatisiwitadeoubidjacidskdyystassdet ect nucl ei ¢ acids present in
about 10 to about 50,000 assay stations. The present invention also

cont enplpd ey THesiapGtaivhoon Ble detidi ¥f B hds2RAntdRbARAn 5Oyl $n hi ﬁfdeﬁ%}ﬁb
assay stations. In"a preferred enbodi nent, the assay stations are subjécted
t o conmitheriatweddirpensarmstos insthregadimensiotse with|cagiahaving By exepplany voluhe ranging -

reactio i h.assay, stati 10 be timzed to a single set of thernal
Condi ¢ e By RR T KT e Bl timefy M. i ioFRCnt i 36 BeSedflin ™ or 't he
concgnt rsailensowly ddiglifyead dsiest nublic iRt in®oal to fabeatsio@DoReast i on my
take place either by cycling through aset of predeterm ned tenperatures
for exarfstigns. ghepresent igEsmtien alsp roemplates te inglusign iofindivddyrbized thgrmalicontrels

wi t hout 4 1 fi ' cti i s
Conduct o ST Rey Fa” AR eFR AR ELRE Rk kS Tob! SR S5 ok
accor dartimemal panathéterspCemgmin thermahparametetsiperpitdbkietstiont 1DM&h assal isfatioats be

are detected 5in sit nogeneous!| y,by detecti fl yorescence.entted
Rl o R R e e A A L P S e
achizgVv egeadBon) @r thef doodpkionEoft thateasds | Freahiplef thd ARPHEEERioATeaddiol Ghdydtaltd t h
doubl e-strand DNA such as ethidiumbrom de or SYBR G een |, for exanple.

Al t er naPlageeiher by syeling throuplya sslefieriicierainediemprisecesder asmple. 8/t &1 t wo
f 1 uor ophgraxhahe '5@-‘150@%%%1 dﬁﬂ&mﬂg, PhE Qggvitgéﬁtrbg?zt"&a&?%@%n gf;cl:ﬁ.f g}!e%r%ﬁ ent

resonance energy. In one I ment etection's e pertorned
af t er t e aoiificetion maptdn is canduoted rotieemslly hina enstehetemperature (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
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enbodi nent, the detection step can be performed after individual thernal
cycles. In still another enbodinent, the detection step can be perforned
during i nweroamsi2at e poi nts of an isothermal reaction. ThecasGeznézsn of
anplified nucleic acids is performed with a digital canera using excitation
froman off-chip source of incident UV or other appropriate wavel ength
light, - 35 and off-chip detectors for the emtted wavel ength. The results
of detecting anplified DNA -14 WD 03/ 035229 PCT/ S@2/ 00251 5 products are
used 4 : . _ N Lf . ; e :
R i S e R A b R T
exper i medetergimedibyable Hnorasnehi ¢missivnh osadingydthén ferexperithemtrobadinededt ymplifieation

Pl tor o cabIe7Rtd, ettt e Fue e SRR LR e aited 1o Grnhed sk ecsbe G ifieent
react i onudddscélitiptctes Bl tha SAAY assay st dr whi prOLESlonl fheiréacgfxﬁg & cﬁﬁér}ﬁfét}ﬁga}ﬁl l

met hods of the present invention are carriéd out on the device.

| ab- on- &t&9np devi ce contains all the integrated elenents required for
detecting the presence of e.g., viral or bacterial DNA in a biol ogical
sanpbe dA078dsmpsifaged thet all mkthofls df the aseent Thenfioe sertarriddrove ot therdetfeds The

contenpl.ates that,both quantitative and qualjtative neasurenents of DNA can
be usedg}f'f}n'éétg‘ﬂ’siﬁvfcﬁé:og@ﬁ]s@bttﬁ%W‘?gﬁge plements ﬁ@q“éregif%ré%é@tlﬁg thegrereneo?l For
exanpl e.e 4 NerapbeSRAGRI PN ARinldbiBRfEidal $Sn Y &%és'éing'}l%; risifloffideast ﬁx%gﬂgés%m

i ndi cates the subject has been exposed to the bacterium which caus

ant hr ax lsysatigmihup eontemplatas thas boeguiangtativeandi griitdiva sweiranents bFiBNéwanthe
Conver sel t of . i,] | us apt hraci s inates anpl e

i ndi cat glggc} t}(1)aa?Seets %@gg{t}@jg%tcstn aogehsawrrllgta e HIf n@l!t\l@é'aggr 3@3‘6’1‘?’ ilegﬁesteﬂ‘éer%ﬁt h.
[007S] Mayiling atbracRIDNAfiR @ttésd yanpladlidicated|thO@subyéot Bhs BHeh RRFES ROWMe bAQ¥HAT

| ater-identified can be 20 rapidly detected In a test sanple in accordance
Wit h théﬁb%%a@?ﬁs apfhanandgnay b etiisk fechavang the diseassspeociateddbersvithnce with the

present doRv&sdiy Qe MBS BRUTusBhair e DNAM taetgsgﬁ%épl%trih b ﬁhﬁﬂﬁé bubi@@X:

Legi onnaire's di sease, AIDS, Hepatitis A B, uber cul osi's plague,
and nal dpé¢sanot have thedishase assopmtad thedewithr esent i nvention pernmits the
detection of cancer, |eukem a, thalassema, asthm, allergies, strep or
sor e t h{a¥9] Ahygadmpber stoinfeeousimaterial ghtimtidiseses now Rhdein enlagnddatitbd 5an BS

Ni pah and.sexual I{(.tr{ansm'tied di?sfﬁases.. '2\0804 The present .invention al so
per A t s TARNEY GEPHET Pbh ICSTSaPIRAT eRCEerarRey vt the prosgatinventign e Suchidisedseispect  of
the pr egesétable WO RANEAWtR eheisi8snt RiverRiol in1BM, Subdrd BoPEHREM I SntBfax Ghall
determ ni n3§ the presence of a drug in a particular tissue, for drug

ef f i cacporadsewsngry sdisease, AAydapatiidy Al 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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anot her aspect of the present invention provides for the detection of
genetically-nodified food 30 and for genetic fingerprinting. For exanple,
i n appl i capioa3s2pertai ning to genetically nodified food, PCASGokdEswi | |
detect the artificially introduced genes in the food by PCR For
applications pertaining to the genetic fingerprinting, the chip wll
anal yze DNA sequence variation between individual (human, plants, and
animal s) by PCR -15 WD 03/035229 PCT/ SG02/ 00251 5 [0081] The chip

appar at ug0@s1g The um? piatahdk feRH xb&weﬁmh%%ﬁéacﬁ&e& J&Ethé‘ihﬁ 19 séa%f‘

by existing mcro rlcatlon techni ques such as gl ass et ng,
enbossi ngxis n&glﬂqr@fabnmt@@twcbmqm glichgs glassétehinggtlastig hot @slessiap) Iﬂastmn

ohot oour I sRHARI G % BRIl Ve b SRR AR g ke e oA
st ruct ur geocested) GC ﬁﬁeh\mﬁigéphﬂﬁicﬁnﬁ@ or ﬁ%ﬁﬁﬁbr&h@ttb&ﬂﬁqueﬂtﬁfo%%rb ﬁb@ t%gén and
a

assay stations can 10 then sealed and closed with cover filmor
[0082] TREUGHRRHIEDGASPYT chanrele Autharshy statiansr Thgeperygiavadls ynd assay sl:atmns can

met eﬁotoﬂﬂeﬁs%d%n-ﬁh&\i\%ﬁﬁ% co%ﬂél?ﬁ ?Iﬁ%atl on is only an option, not the

excl usi ve neans o pro chip 100 O her nore commmon

technol o 0§§ ch as CO % |callg con | ed ((CNC) = machi ni ng,
netal fo an?ﬁf ?:Hj%]r? FRTHES bare Btm gueiopeteny 1988 be used
for 15 f ﬁbérbﬂ)@é Inﬁ&ofe{b@ﬁaﬁdn o dnbelp il HIRHIZTENIVE nldas 5 W0 %Rg%gel fhe

avi ng

FIG 1 and FIG. 2, exenplary mcrostructures of a chip apparatu
a sanpl echip A9 qOfhes proraeqpmon teshnalngighsush ag epraputecianerinally umrqihdéCBTﬁl)

Subst r at | _such as 9 |.as stl c, an
ol ast ooy Con@ TnOE B e ot Sk LR B cpdbeinE Ryl e B

conpBsi tfabridasiopr ovi de channel s and assay stations, for exarrpl e, vari ous
standard gl ass chem cal etching techniques can be used on a gl ass

subst r at [§083]f DETAILED MESCRIPTION QWIHE MIGURESOoUt netal | ic powder filling)
to provide substrate 36, hot enbossing with an embossing die, plastic

i nj ecti 0j00sA) WIRIQ. 1 bed FIG.CRSkdMBlary BRedstrabhak] 'o?a chiple ?bsx%istlh@ ﬁi&ﬁﬂgx sample

phot ol i t hagraphy, LIGA grocesses as known in the ar
phot ocurlitHg PERaTalars aters 2‘8“ aheeRsEasted pr Ribstate 86h r&uqmte 3G earblee ma@cbfau GA

pr ocessegithMP hEaY s kBMRASE phik % ti Si st ture,
such as pBI ymet hylarrset ﬁ é? tIﬁ S?E’%AIEES? Sg% % 9 dfrﬂetﬁyléi? @Mgﬁr
chemoc alrhgtald eezreﬂnamrng:cm;@sm r'ﬁaxpmv&:letahamfehsvarﬂelsﬁlymtaﬁoﬁs 116t €kabip$e Sfaiian
pattern ?andard glass chemical etching techniques can be used on a glass substrate. If utilizing plastic

hot

(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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the resist structure. Metallic powder filling may be utilized in order to
provide for inproved conduction of heat, for exanple, when substrate 36 is
conpri seawofo3fpbzetic. If utilizing an 30 el astonmer substr &Ca&/SGa2/m@pli cati on
(a type of elastomer casting on a solid mcrostructured die) and nolding
techni ques can be used. Additionally, silicon and silicon-based conpounds
may be wutilized to provide substrate 36. Then substrate 36 nay be seal ed
with the sealing layer 40 (not shown in top view). If seal ed, various

conf i §ur atationshaiels 84 2 andimyfiroeand/@wedad mIHsipas cﬁ?ﬂ%%@@anc@lﬁ%%sﬁg% f‘vg f

t he assa sta%in%?; 26 only, or sealing assay station In co

with assﬁl}‘e-s INgHYEEISg sy poipsatim tepsalsihe clrnhels antassaebtstichior pA8ragid/ or
first andfes i l. .30 and , respectively.  The.
Seal i ng Layer e, e B E LA AR R 2R Guly y RER e S sinldieay

station bt lphifedio] thyrmaiondingyelsdi@biatifibondes aMkcsRAMIREH .Gmé‘geaﬁhg aygﬂo
a baondi ng process including, bufg lrmte % ,

inlets and qutlets %P

t her mal B%hﬂf%‘éﬂns‘é‘ c%?%é‘?aé?‘i‘%s BRdr slsss asesiplastioplatt orgn elsense dike poly-ayer
40 ¢@n ainmh}qgmﬁh&t(p@Mg)}'her materials such as glass plate or plastic
plate or an elastoner |ike poly 10 di nethyl sil oxane (PDV5S). [00851 In

parti cul ()ggrrﬂﬂ% [ l. ayer may .al so be conprised of a
sel f - hegrl i ng/ se'alﬁi%%%'?{1 y%gﬁ%%?%lgiegsr% fﬂgfg%g}(f’é%Bé’%a})r/%%}é"r wmpisgd pbyEals, gel s
and/ or ahepling/sqaling typlei af maneial s epebisss, Uﬁaﬁoﬂﬁfshgélg &fd/or ?&ié&ﬁd GRSl nhgal .
and/ or n@eg(;\%}li(f .and/{ or. her(’jri cal neans that woul al low for I ntroducty on
of a syringscq e Mechical, and/pr slechical aud/armagnesic sandéor chémicabmparsvhataydid
the 15 afilpw Palidt@dn@fond hedl y: Leact | conpanent, for exanpl e,
into assay_ station 26. lﬁ%%ghhgéefr@{/eﬁ g%’ {nkoegogvf ef%%%?““ %’nrsj}éafq mgvide ferthe; | |
sel f15seAPPligaiop & ¢ patiicaler asshy tantoit sonymaentefor eRample) intd@8dy AR ilgltgmt ype
tati

of mat ertal iRy . tilized 00861 Fabricati.on of the assay s ons
or portions ihe F%%%’“gg% lf‘llf.ehsee a@%ﬁ {ag%fsw’@ﬁﬁﬁ ﬁ%‘f}?s Impasticylen erplodimens howewed, & o
only onecl¢heaing/realimiiypt bhinatedial @by 86 il Lpyer 40. For exanple, a portion
of assay 20 station structures can be fornmed on the substrate 36 or

seal i ng [0G86¢ Fakifcation df thePOsdy eionk I can be made on the
seal i ng | ayer. or alubst rgt_e.atylFoI I owpﬁ%@rg%}%&?%gg%dgﬁegyﬁoﬁs gwgﬁe£a%{be[ he
substr at“'eméée,d J‘tot?é‘f%‘?z‘?ec‘?féﬁbﬁrrs‘ﬁb@?@t’fﬁ 8 or shlinglayet). diceermhplepd porticeer sRQp/ i N
t hesgubsiatigh §ru el 40 brqught together 1 n proper

al i gzgnment o pr%gfsg%gltb%e coér]r:g?%?’é%@ﬁsgﬁﬁgfméf’ﬁg‘%ﬂgers"grﬂl@t%ﬁ‘é@o‘?gf qhaosel1

Embodi nefectursican bemagpan dteusali@lapeyor bitstrie FatlowRaHonaig of \Qing ULE 26! 1 N9

el enent

and the substrate 36, 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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Fl ow controlling el enents include various valves, gates and restrictions
that nay be provided at virtually any part of the apparatus, including
channel s &we W®B3229s poi nts of conmmuni cation, for exanpl epPCassor/di2zag to a
user's desire or need for regulating/controlling fluid flow [00881 Assay
station 26 may conprise at | east one conponent of any nunber or type/class
of 30 assay reaction, the at |east one conponent including, but not
limted to, nucleic acids, probes, prinmers, antibodies, cells, assaying
salts, ciatoadt)l&istsonerasmrsta&ms 2607itemcarees , A ety iR of catieisdhdlades, b hetdinited
drugs, small nol ecul es and fl uoroph for exanple. Additional exanples
i ncl ude 8> ARGAS{YtENGSP Eﬁtﬁé{ligeﬁrgﬁﬁ‘ﬁl é%ﬁiﬂ?ﬁﬁl@ﬁﬁlsalbelcp%ﬁi‘éﬁ‘fW #¥a epsTieicior es,
a pepti gast
one. compuairRioh R oMU BC Bihthent It S o UnsPIAAELy GRGEAaprgl s Bl ¢
PCT/ SQ02ep0gdhdn, For exmphs). Thapirtioumar mayorschaietm 2idized mag be adaptet to b& short

list of carriers includes,. but ueouys so utions,
sol vent STYRB O yevapgratiof, gyr(ﬁxalgpgeas&ﬁ?wngt}lggs ig é‘n(YB RE > HE &S E¥i er for
the l‘aep%ﬁhf)é ke fode IERRL, LRl RADIA E8HhobdthOhSAt. atll%ﬁgné)&%ﬁé ysuch

station 26 (spray or ink jet deposition, for exanple e particula

carri er aspraigs apdpscedlo fqrtelxmnpbdmm)be lbeumﬂwﬁh@mtdmaltserfa@roﬁassaycsta‘hom% by
evaporatl oq ford %‘gdz(})r B: %her nmet hods to drive off a carrier, such as
ovens Ve Spiiondy EP5YBPYE air, etc, are well knowntothoseinthe

art. st. ogne conponen such as. probes eIIs r exanpl e,
may be 38@% etlﬁgari“}‘?tﬂéqtﬁglmg’ﬁ}ﬁf’ afion 15pctionssch ag gp%oﬁ togepyn 1 ?/éﬁsélht bonds

and/ or aREehPY6, Veford DERMNg &m& E@alﬂngfﬁﬁpw ddiRleiPabid ﬁa%mﬂt& BL b i /&n
such as PCR, is to be run in the assa% stations 26, before bon ing o

seallp ng prigyes or pOmeEs rm)fcbeedemoatﬁddmror gy st@tlwfampthefsuburamw wandy pr bye r

or priner 3 |ntoe n 26 the s trate 36
manual | y I@uﬂﬁ%s}? G%Siﬁgg‘ﬁ‘i Zﬂ% f‘)seSa Ftﬁgor%% 3,[3:@4;'%?%&8 gg}/’e gffg{}? HYeH N t hen
dried t eeadtibw eomﬁénehhl&f&&raﬂﬂmlgtﬁé sdalifig layepdl. | 18 hafiiRe BRBbdinehey ﬂle%gﬂin!gg t he
sealing layer 40. |n particul ar enbodi nent s the sealin | ayer

added bé&AYsF may jos agdegd; helors thedrying of pasay station 26 Apd irsomsam %ﬂtffrﬁﬁts Uphe
tat
st at i 0Ny, ¥ah: HALd t9%E Ay COREr Bh¥odifdehs! mﬁgggﬂgg%ﬁ@@y?@va?gg&ﬁgﬁhé ng

| ayer 40 added during the 20 running
sel £0 he ainmeg @fetht pysgy.| lmythe case witeird 2 z@ﬂhealﬂng/sptﬂmgdayqo is utdized, thayrobes/milded

aci ot Bohsoed b dia) Sl 2F e et e Bl F?mwgg%é&zzr“e”
by tne' 1Q0f ?EAhu'éwe.aglg ety Rt et et e o DA BRBRA © |

f r agnentrapeniy] cDNA aaeRi€lade privetarddN 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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25 invention can be pre-fabricated in a comercial DNA synthesizer. The
assay stations may be air dried in accordance with the teachings of the
present iwoeansz2e Drying may be carried out at room tenmPeETSGO2/@0281

anbi ent at nospheric pressure. Dependi ng upon the nunmber of assay stations,
drying may take from about 10 m nutes to about 5 hours. Preferably, the
assay stations are dried in about two hours. 30 [0091) Preferably, both
the substrate 36 and the sealing |ayer 40 have hydrophilic surfaces to

enhance ytRgtib, qybyi addn@%/\b Wydrephilit Ipatymdraointion Aorby pildiap atsydadpiiite the substrat e
36 is glass. nor mal hydr ophobi ¢ substance such as a plastic can be
treat edhydr@hahgﬁ@ﬁiﬁnﬁmé gSlPé%Sflance into a hydrophilic substance by

treating the plastic with diluted hydrofluoric acid or squuLgcgbfam d.
Anot her [0092] fFor ekdngyle, ttmsegﬁslflblcleﬂww@jﬁo@?f idlapwith mapy v eI BRE 8t ance

conterrpl ated by .the - 2 s by
addi ng ?ﬂ}’?ﬁ/ fifying s 'ﬂ)%? I"“Bf aﬁy ﬁp }%Dggggtgglgﬁéhgedlsfgir/ g%?gﬁfi ldto t he
hydroph Qgél?cafklﬁss AR pl Bl treafhetd drCcoalif39 Bir ekanplex Ammhexambhsgaﬁst whidhlik in
the art l'tar with many various nethods for %‘ig i fying

sur fiac e$yp1cpﬂé}ytqhamlc’@r12§d asthaviagdwdrophilicaueiages. way be freat ﬁf‘ér BEIGi di c
appl i cati ,3}035 g‘{wrf eB %g@#@%‘? %Ec 1 ackP¥ids" $Rich ﬁ@itm%ﬁ@rﬂiliyeee W83

exanpl eP° ‘haracterized as havi ng hydrophilic
sur f acesy prRIdPphiagBlai@osportibmd oftthe alspalreftas: E0(chravingqrarticwtas cbraptesstingr(susbe

h tead hydrophobic¢ ch t t Such .t i
R T R e
charact ef | 5t} f%r'g)ﬁ}gg Bn 2 g;%u%ﬁ§ &dn@i%uféaaarcé‘&ﬂﬁfg' 18 hipaficula®lise Pigehcd. MThe

accor dahcé ngs the present invention, . in order to
pr oy de saﬂfac&p pﬁt}&tmoum}faxmsr mﬂ datomsdiongrareple, mahave YPEeUS Rogtions (i.e.

preference. The urfaces of.th ri {BkibR Reatddor
exanpl e SUBREHIh § ng AR V’ﬁ‘greftp%rneh(%ﬁi’ d%le%erﬁ%ﬁ? eri[nsa@ gﬂ%llﬁdglbﬁaygr) havi ng
ei ther whghde¥ in Bidef @rRBViHEL l¥siRa atrangdiert ofrbirfiat clmactéristiat.ed surfaces in
order to provide a desired arrangenent of surface characteristics. [0093]

Channel IFEG. 1 fok ex dheyhidadl &ltténedd:al I
ot ehed @ﬁ%ﬁ?ﬁgsuc%%séﬂ@@ﬁlcﬂ% ik of exareplaMiuyehe dheynidly y

uoric (HF) acid on a gI ass slide for exa&?th
patter nhy@rdﬁyaoph OHE) adidogr g g,sl@,f@gexagg) @@gpmm% s phot @graélgi ?sé?g
pat Lern 3l 0 Ali11} B dds HrOirfmbGS Y a Bregtqr ed
m x€0r eSdS'cr gnot Ws’kf g(& %%P?ag%ﬁ% Iaﬁ% gbou 0% aqueous sol uti on o?
hydr oge ribre;ﬁ%dhﬁbﬂ@re(oﬁbmm 7680HRAR hcid tand bloaitt 3@%@1@% sghwign of bydregen The
slides %rereoxggee(gb(r)\llt%s(l‘nggOz) 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 examplé, 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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t horoughly by running tap water over them several tinmes followed by

dei oni sed water, respectively. During this step, the slide is checked for
total wetwbDrig/oa2ké eved on every part of the 25 slide, for permgob/e)2sand t hat
there are no remaini ng. hydrophobic patches. O course, a portion or
portions of the slide may not be treated if a user desires not to alter the
surface characteristics at those areal/areas. In the above exanpl e,
hydrophilic gl ass surfaces are obtained. [0094] In an exenplary nethod to
obt aisn lgersplu dbitgin SrdfopbebiosurfHcas cianfellPt andlaghirt dfohar@x b2 s, follpofing stepdy |
met hyacryl ate) (PMVR), polycarbonate, polyimde, polypropylene,

pol yet hﬂ%‘#ﬁéd 30 etc, hydrophilic materials can be used to treat the

pl astic surfaces. The hydrophilic materials include poly(ethylene imne)
(PEl), M0096] Wneytreated otledn)slidgsoirg storeg intdeiontzed awitdr mctmeaci‘/y fonusearBefomyusing,

ti brushi REI | ut | o I d then dryi [
For 0. &ty 4% Hathel st ik Apon g B shaBPo S Bt re i uetP B2y Sl
provi dednivinhbn Byele pRicitsbEctRHiaBCAS ussk) tHHQr{23/08 2Rdikel aiatc?(aD 2ir@225 dreTrultffo ]

To obtain hydro%ho ic surface in channel 22 and a part_of channel 24, the

f ol 116w meyligfedpy UVafh opidation fapebet 1dnde remestthellastirasanokontpmingreard or ed in

dei oni zed = L nd )
ari ed | R ST B (RS0 WM DS B ot GUB SIBMEBNGY
and whemrichisresipmes; sudlods eleistydichloassilans @UTSY, e edimpld) ap drepacdrfBatilyatitrs | al

surfaces are further 10 radjated by -Q3 oxidation for about 1 hr to
renove tHE qfééputt%@eé@%ﬁ%ﬁ@ﬁﬂ%ﬁﬁﬂ%ﬁ%@@ﬁ@ » §-BPIIRe: Srpdesanssify igse are

nonol a jqts ‘ . : _
Y &t br %édtlﬁto the @éffé[r?gmgﬂeclfl] F‘efoglrr%n;sﬁ? l(c%ﬁ'ﬁg 6&}1%909{‘95 80 kMh at room

trichl orosilanes, as octadecyltric il ane S), for exanple) are
pr epar etenfpeestintey fartexample. Véhanarsofg fatsoerthetdod eaméapalmbérpsuchras EHLHl 70D e

solvent, e.q. ne, .Hexadecane etc. These hen,brushed. or .sprayed
hto- nrage Py AV B SR A REGT B peTior SHERW R rod Bdcior SR il o 15
t enper ahédeSsary fr thxAfghiag cyiedslides fobd duted cherves al abdat $0 Bt ool Q0TEfor SUCh
as EGC-1700 nmade by 3M the coating solution is prepared freshly with
about aahoutdP seist Thug pafergedihydrophilic (pdasskand Ry drephobissurfages {weaigsl Zlasy atp

slides. ;1 i 2 —a@mﬂgﬁi’ §0ARAHD HABGr bfinarA OGNt 8 M N,
Thus paP{ogﬁ&égdqﬁyﬁggpm%g }%‘%ssﬁ an Iﬁig/%?op obi c sﬂg}gr%?aces nzafrfea%iglc]i gl ass)
ar e20 pr ent ifctedtering serface chadagtensies of a salrsyraexenpl ary net hods known to t hose of
ordinary skill in the 20 art for altering surface characteristics of a

subst r a{e897] T4 Zhmpleshles 2 figritest samhple (2gfwholt bbiodyBropheecied. tgpicathol e bl ood) is
o YL Ga e BELPENAL S L 0 LR UPRET  SULLARS R, SRS bShy o0

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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coupl ed to sanple preparation chanber 6 through channel 5. Buffer inlet 4
Is also connected typically perpendicular to the upper surface of

substr at ewB@3/0a32¢9 such that buffer inlet 4- is 25 fluidi caChsGovoEsed to
sanpl e preparation chanber 6 through channel -7. Sanple preparation

chanber 6 is sealed at |least partially on its |lower surface by sintered

gl ass block 31, to which absorbent 5 and/or a vacuum suction neans such as
a vacuumpunp is applied to extract a mxture of e.g. whole bl ood sanpl e,

| ysi ng bpfeberatiam dhawaisdaion grrbatfhbeve sibsauehcanhsotienised /o8 Sfass Bloek k1 3dsid30

[ 00981 T&g bl og(%of sintered gl ass powder 31, which is inserted into sanple
pr epar at §FRRSASeparatpn Ghambps® cal | ed porous gl ass. The typical size of a
pore ranges fromabout 1 mcro neter to about 500 micro neter. The

si nt er ed[%§P2k 4 varwak, Gliquidahsowsion he thanbeorbpury, iomeaiéd tivereatipthe glass block

i 6 and tvpically is.sigidly fixed jnside th moer 6
by hoar ShheEER e IS sontie SPishihe ot ALl ine it bitpp e s Gloo T s
sl i ght | yEheiog®ufféthis tnjthied fit@ Sangfle pRPaSANPLIRERD 6.\/\@119%%%2&118%%0 $40251

5 preparatiqgn chanmber 6. An adhesive substance can al so be use I X the

gl as¥ bl gase bhack Hsandrelepsrs thasiPempleeas fomche shfach of the glfsgbloel 3A Thenyuing

or liqui LOR; bent.. 5,.1Ls.create derneath the glass
bl ock 31291N1§hb121§fee81§/1%§§1tfr a%kl ﬁ"a’af?ﬁ??g&g"g‘%}"g? .8 ieﬁ‘g“’BS’f‘&]&‘f CORINGA LSRR U £ er
t hr ough prbgargfiaschahibec&. S, therkfous, itlenelbtidf Buffdr $ohtaing CNAl moMdcles AP Ltime.
preparaé%]gn chanper 6, Elution buyffer penetrates into the 10 glass block 31
and r el ¢aSeLOhHShpRYcalTeaRIRdde PR thesubssanent & CH repstionging dkiotsisesnk detection

Then, tf‘tﬁth%R?%@&%ﬁxsbéjMd@:ﬁ'%ﬁhéqutilSM bﬁt%gfrxiggﬂleat fon) into the elution

buffer contained in sanple preparation c So, therefore, the

el utj-on r ' i | NE- .SO ther chem cal s
eaqut’r o PHIUT 1oAY Ry RbEMMCD ik IR Red KOl e MM or a0 oL N g EREE o
of the PGR gelledlnsteadahe bellsadebded wtiliing bdatit Thelcdls rbedicatelitsa tysig. 15

[ 00100] I n anothe?(’he odiglgnt, there is.no r;ﬂe]ﬁ)g for the use of or addition
of a |ydFREFAUYS B &hep jull mosam e.erﬂ%rfE%?h T 6 &F may he gondpsted infpithg zi ng
heat. Thesagetdtionsmyd Beed'@tce dn hPadichlés bRABodihRAD 8 HAhihEe ﬁée&é}%d rSfutd | 10

e

sanpl e preparation chanber 6 or may be conducted into t assay statlons
and | ysé&ensehaag beembgdgasd infacqach pssayrBietivmam in orderio peefoum indivddwad theaml ‘

te ra e I nt o, each ass atjon 26 in order to
pe Fr%gr mtc?ér%gjlgveﬁ gg‘g{)éstsﬁg?hna% Poeg g@'cyci %rl?!él O}aef h%agghayas? saz%’ "i’ﬁféﬁ‘{) (Svaporate an
Fur t her amwoent dfedittioneyuftee imbisler totindrease dhd @new@ReioAbEa sdlute, 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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‘amount of elution buffer in order to increase the concentration of a
solute, for exanple DNA, in a sanple fluid. This evaporative step nay be
conduct edwato3pBe2sanpl e preparation area 78 or at i ndivi ecalSGagsept
stations 26, for exanple, wherein the sealing |ayer 40, may be gas
pernmeabl e but not |iquid perneable, for exanple. 25 [00101] I n anot her
enbodi nent, various el ectrochem cal sensors and electrical and electronic
sensors may be enbedded into each assay station 26. Utilizing this

enbodp mediaphragms4; thesebypraitativethe elution bofféraniticadanipds pdpatet @c thabad #t ta allswa
result of as S pn g%hin sai d asglgéﬁitat'on. The data_may be in the
form of C&¥5h melegples te feays he dhst) and, eréerthe, glution, pieffes (vihésh eesypieat or s

typi cal ggn}ggpgb?hﬁgaﬁgh%géri@i ng el ectrocheni cal detection, as known to
those in the art. 30 [001021 The apparatus and net hods provi ded by the

resent | W 1208, ar . f of . vani-Qus assays/reactjons. For
gx anpl e, I@F?ﬂo% ?Wg’ Ir%éggiﬂrlgﬂg aeg%% 9@@%@&%@@%@9 In%é?mp 88%%?9??188 ﬁh?:rflé?ft de
tri phosplimtueh cith@Pbroughttest ganpls inlerdexelusielyohigirbefiérSniend closdd! 6F SltganivRs)

added into s e preparation champer 6 through buffer inlet 4. If required
to eﬁ%an@é"‘{gﬁggﬂ é@ﬁ?@dﬁleé W@i@ﬂ?&l}lle&ﬁﬁ?@%lnwg ORER trndchps vt gl ibis fHlsdiwigh t o
osci | | at gyutidyPued! The MEGLI I =27 ﬁ?ﬁrl /00251 5
di aphr ag mu41f8, t her ebey gigi‘{“ggs%e ?Iﬁltgmgfugté? 8%1%%3&@&?%6%%? e sg%{)lggags’ anc?t

pr epar at ¢auseschamplary Boweroatrblbing eleorest, Biirophdtéc ubles 81 to oped permhiftthgddlase bl ock

31 and enter.the el ution.buffer which.occupies -sanple preparation chanber
6. [00 10@@1&“? ?‘ﬁ?rd‘fly% igptially %H%?%C@@ggfoesmgﬂgéﬁmpféﬁanﬁmsg g’flﬁ‘?ﬁ%\iftpéflanpm&)ﬂmd,
sanpl e pwkgraiiat dieforCiAerd €ills @harhbdr QU9 MTIRIVARRTS & D44 4 BFbe @ﬁmla?isiogeﬁ%dz

exclusively with buffer inlet 4 closed, or alternatively 10 through test
sanpl® i W wriops gihepmisamy seh pnmsehanicak lertricnly Pogyamaticor awignetis. Adribisgimd, Ithe t

is fille L1, ek Ut M oneits I e h L ut Lon ffer

cont ai ni QLR b RO Rk et eP Y BT R OB TR R ocated

. cont r ol |t tig ealrenentp, maiy diqojdhtiftiibutioal chenri] 20.0Pap&ling A8KiTak bé Athi@led ot g
buffer to enter into initially eppty chamber for m xing sanple solution an
f1 ow proﬁ@f’%@oﬂeﬁf‘@?al t‘?ﬁlttf@}q@e%/%%? PORZMiF er fills chamber 12. The val ve
8 can al b alye type that is operated 15 by various other neans such
as rrpchalﬁ&@é‘ﬁ,&é‘%éec PibeHPr inhawher i2d1os oH dhessre Statigns; ehamber Fecantaigo be

el utdoon Jauf 8 nd UBHANERIBSLL! @Mt RO bhite: FRAD I dFeninIMA ARRRPIS

valve 18 that is |ocated he entrance to main-[1qui IStri
channel ceotroltheyplmegfbutferiflewingiovt elixhinmben] 2gaproper dwia ghivelameaifichanbir
techniq Lﬁi &l)lqyre%n BLERSH: 'pér%cl c?fqime to let the DNA distribution homogenize before the

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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[ 00104] Before the buffer in chanber 12 flows out to assay stations,
chanber 12 can also be 20 used for the follow ng purposes: (1) to neter

t he buf f ewofoBosd2ey out of chanmber 12 (that is, to controlpCrissoyodtzane of
buffer flow ng out of chanber 12 by proper choice of volunme of chanber
12); (2) to retain buffer for period of tine to let the DNA distribution
honogeni ze before the buffer flows out of chanber 12; and (3) to increase
DNA concentration, as nentioned previously, in the chanber 12 by

evapofat i[f104] do p@m@nlabcmbb@mnatseonq o niaré fren safipde fleiludhbimed 2@ 5 fhiigleally

concentr f r flowng to stations 26 increases the
DNA det e%ﬁ){llpg%d 83‘%%5@%01\9 é 8 RREP f’ﬁ%ﬁn'?];ﬁ)s'f"g%hé)%}]“ CORURHAcaEian Wethyas drast
chamber bfe fifst @y bdgsh dHahndlns, métqwé%ﬂe%@sangsteﬁ o 6P A%”ﬂ?é &}E&Pn 'U' d (FPF),

rel eased through diffusion channel s 14
pronotin Qoncéﬁ‘éﬁoéléllf §PFre ﬂlﬂiéNAmww@meg seoplé floidk xeab}tem a clig@aidval, hqmzll WiEtting

dod I 0, bro Triton-X, Tween
200 N 4B Shltple B ok Bl o TR oo BB Hefiing e cpedbiaisausaia
anpl i6 i canffmo doo tﬂﬂilgﬁthe%l@%&hrchamﬁd?dZQ%%ﬁﬁ%aﬁ%lHquﬁF&ﬁnh@@gﬁ further

det ectlog 3{{ exci.tation. Upon diffusion of FPF into chanber
concent r 2PVHO drstandimugosgglannel 3 irsiigpsex Nation phasinaldfe and 2ssay 22HoB 26 In

03/ 03522
S ) A I B
mul ti - pump@@éh@hqmd&bm@fﬂ vﬁuorhfsurfsca mnsmrrmgen@aﬁed @ﬂﬂi&cbﬂtaét&e@@ﬁ‘éétwe@ﬂﬁlef I rst

tat 2 t at 26.
hom cal CEBNGANARRE fin 0B shbeats teinpi i onbar iRy obelnas 20.4E us.od2$ sadhes
cri tixal adsgyvsdtionk REYI Withehd édlﬁ’tlorpéf thOEPE Wé\ﬁfacé tndio ﬁY?foX\;epe%be%# ecda%%c? ow

hydr ophobi ¢ val ve 18 becomes | arge enough to cause t

t hr ough theeanplp flaidie fovothreughvabie IBZandmmmferfaIﬂnersmrmﬂle)ﬂﬁdruthaﬁd alssagnd

further %% Wsinto first nulti-purpose channel 30, first assay station

channel &nd assay stations 26. In this enbodinent, the flowis caused
surface tensiqQn whi ch__noves t he l'iquid

b i ted
f gr \(/:\/erolj fo gm? S ur S u 5 ‘%‘gﬂgaff)ﬂgf?%gﬂ‘é’f f 8t vaiunesdn chamngls 20y 35i28 and assagen
the sargutient 26iad aamésttﬁmegcﬁmyf Anle fidd eofiph MGeGhbR: 4&&?& aslsa%; 19Yr face

of channel s, 20, and 15 assay stations 26). th |t|on of the

FPF, 20t heViigh ?raé]énc? %ﬁ%’sz}' ‘iS‘HPieg to threaseay stahionyo el @amybmutthptxrpaﬂmﬂxmrfeuwm sbo
fl ow t hripaghaitRlsve, 36 2%%(1%9%& statfoh 186 bdcBh Mlda kD A samp r}ﬁndS 1o gns%%es ay

stations.
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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[ 001071 During this capillary pressure flow, the air volunes in channels
20, 30, 28 and assay stations 26 are at |east purged by sanple fluid

t hrough awologasi2z2one second assay channel 24, 20 which ar eCiisgogiheal | y
coupled to the assay stations 26 and second mnulti-purpose channels 22, so

t hat channel s 20, 30,28 and assay stations 26 becone filled with the sanple
fluid. To ensure that all of the assay stations 26 becone filled with the
sanple fluid, the volume capacity of chanber 12 is designed to be at |east
equal 3 t ogless grraastie surfangrio phisircavdsy ted filmlbynieyics. Ehexy whiararbs dR€stly3Ropma

d tat| 5. 01081 th le fluid fromfl owi
"t soot dhish BTATR sERecs R ke D92 P lg e Suaplsh ) Feneu bestingn(hdhes o
(1) Val vEgdreghbblematesilaloh8dt iasi fe sE%d%ﬁ@%ﬁﬁ%ﬁiW&pgﬁaﬂ%lq&%s saﬁi?g fluid

val ves can be actuated by actuating nmeans suc ani ca pneurrati ¢ or
el ect r ontRFrRECHRY second assaorhonsel Rdthait cainotentertintoi sasdrellthelti-pumsisd ehainel 2Ast  one

second . e o bl ock the flow, of le fluid but allowair to
vent inf\?)'ﬁgée/%lgEw?g%%ig%opsgggncgwghﬁgﬁlrpﬁ;ch%ue?g?,pa | ayer of hydrophobic
mat ey | al .coat at | east .a portion of the second assay channel 24 to

bl ock® ¢ O, ok epios <Enbad et e OEer i teR yartalle UBiHCG T tomatring seeand
pur pose &hRpIRoseeianhd1©2, ¥ HiaNARMEteBE LE& R mﬁﬂi?hx%%%és%'haﬁ%gl%?%#g%edgg tis

not limted to, poly .ést /I ene- but adi ene- styrene
net hyacr 8 lateey ﬂl@@wm ] air tfoneennsl, aspyl ohamnedl @4 ap dépiped pydrenplary OIS, 17,

f1 uor ocheyu A6 t ol yner. (.such as EGC- 1700 nmade_b or .

regi n. E‘gﬁcggé%gtg%{dg,C?(§%§e%5)rlila{3‘ée‘§iog & F{%%F ﬂzg"hs %Pﬁ%?%‘ﬁéma\%ﬂt 2? équﬁ’ m a
sol ut i orgnlaskémdnt osliiclomag 8 shaplyomade, BapHd B4R BABL 8ndEH4s ARA24 i 9l ass
or pl astlfﬁpsurface&ho obtain a ver_%§t hin filmby drying. Epoxy resin can be

di r &6t | PR PSRt Howyod sample h1id 36 prd Bigyem dldfsom shterngrsecond multiurposby

ul tra-vi ; ] L ng. - ohi terial coats at

ens origraiel b e dchRmdBennEANR farch bdfls ¥ P RISBUGIRL Firpfies 82,

occupy shewmthrhicsHy thehemioas cliptnblstand drirapatind telationships Sethe Relerplifidd-fkkOS e

channel 22 while air can be purged into second nulti-purpose channel 22.

10 [001@0a110h YWaen ising actadeehlidhterkiane (OTS), deiks p&ﬁeﬁbﬁlgx&}%ﬁféﬂ Reshydtdndfnb! ow

fromenterjn ﬁgcond [t ur‘ggggeos%ﬁnannel 22, the width/dianeter of second

nul t i pur"gSé%g dR%foafensatipn g Hyf o, 5 Hexass HexadecaneeteuFatlowing dhist er

of secomkt anamy iShanBalshédorspralRRiitlhake Ji:é?taﬁf‘%%}x@c‘f %égﬂng;f?r]canngmla% Jdepi ct s
I's

a side cross-sectional view of "an exanple of t pe of configuration. A

drast i ¢ 20amnat wemssmperatirefoneyande.s ethjsl waynbpboplaibiappfooss arabblajnet 'whend
of ass a¥131ﬁE @Iﬂ@ﬁ)lchéﬁlicﬁlsacrylate polymer such as EGC-1700 made by 3M, the coating solution is

prepared freshly with about 1.5% acetic acid and the finished coated slides are preferably cured

n an oven, for example, at about 80 to about 100°C for about 30 min.

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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15 effective to stop the flow of sanple fluid 56 and prevent it from
entering second nultipurpose channel 22. Line depicted between the various
channel s woa@3m83299 for illustrative purposes, to show grapkirssoryozshe
various channels and their spatial relationships in the exenplified figure.
[ 001101 When using octadecyltrichlorosilane (OTS), it is preferably
prepared freshly at the ratio of about 10% concentration in a suitable
solvent, e.g. Hexane, Hexadecane etc. Following this, 20 the solution is

t hen br ushudvopresysrization (sushastitjectvarwidh a spimicy cedllagdlomw eldcavwettingng f or

about 15; 20 m n.at s;room.fenperature, for ex le. In this way, hydrophobic
surfac es"*%?i'f‘&"%ﬁ?ﬂqmga‘?v ané’ﬁ %ﬁ'élfrhﬁlcf@ﬂrpﬁ’oeé%qg%ﬂts E[i,‘?r§ IaéF%hr{fﬂ)l% e 18 Hgih as
EGC- 1700 prmitRdlyedie niultihuesitk ichsh, 1#hiafbn RdiuB] SRADE Gi%éc{sﬁécg% cé’é‘tihg gﬁé’/BPt

1.5% acetic acid and the finished coated slides are prefera cur I'n an
oven, f ofobeliadispensing faglssempigowhishatmid puge Gripde flakinf frQA the first 2ROk 1

Digital . ts n_aly, t.he. ay stationg 26 are filled by
B St D R PR e T CAANEE W
devime (&fd)tasednslyghddh wuy?_eﬁoﬁhéq byPE Stk dBctionRaS s&ﬁti&%é@%?ﬁ%ﬂgh cs for
acquiring imges. An optical filter is positioned in front of the Sensing
el ement Bfety that Brshipge sageple futd fsemyhe fighmubf-pepessi dchrenehand then golirs eyt ed

and r eacho pdvhdhth BSARAWEEFRIPER o8 I leBiPSe iy PEIE rur oo 12
At the tj.aedih | . the ay stati re filled, .isqlation nmedium 54
maybe i fr?p?l oé u?}él%rg%oﬁ?’g%eglﬁ&éé?%@tegﬂmbgﬁlﬁ' gill%(fﬁgt apf SF‘}?PQ{%‘BHQ{WBP&? chggmels g
21, for 30canigie, ThatisdldtionnBedifun54dk Galbdiyd SPasRb 86 ihBerhlehBib 1R PRIAMhtEer, i o,
mul ti - pu g sge channe] 30 and 22 respectively, for exanple, by any of 'the

f ol 118w n‘é EB&QY&@H%%‘F@%W@ medgymft. Fhadsplation seadivm 54 tipi¢adlymanpe mgx, h@d WO
03/ 0352 2 4 . L ) i.zation uch, as_injection with
2 oyt naa] S was o e e Aok S B NS R e, B S it
vacuum sigovatores, two-emepdkive ot slttahdolet @ 6pa visible ligheturdile bolynft liq@aawi ded

over the | t] pur pose channels, i solatjon nmedium may be deposited b
casting %ﬂydwg{’e%a{sgﬁ% ¢ 'S8 B’@H‘ﬁnp{d{ ll,hz?‘iﬂn gyegpedor WCMWCWW¥%WI e
f1ui d 5@sdlatiom rhbdiui 55 incltlel bRk PASEImERRBNBEm3Py Gkdd JolgnGaRAgks 30 and
22 with isolation_nediumcan be executed sequentially or i o

si maP t amebidensthylsilerans (RYMS) glastpmsar gsovabeas dther silisonmtlassoluet andriiquid sikicdnet | on
medi um i t Sy i ; | ui,d the first

ml ti - prg?%gié%&é h%ﬁ]x% aé%ﬁ%%%@?&%%e%ﬁ%ﬁ?‘?%ghﬁé)na blogﬂiﬁgé(ﬁrﬁ%é's i ntroduced
Into t h?ﬂ(ﬁﬁﬁf’ r@xe@tﬂléﬂy whH-PORE (ﬁ{}?&?r%{)letigolgﬂ)rn eedelltln{rx SElr]sxexéhe;srgoq}acrylate 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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[00113] Therefore, the isolation nmedium54 fully fills first and second
mul ti-purpose channels 30 and 22. The isolation nmediumb54 is selected so

as to be wopansRabl e to the elution buffer, i.e. 15 the bweCT®Gozeamnsot
diffuse into nmedium 54. The isolation nmedium54 typically can be wax, heat
cured wax, oil, phase-changing plastics, thermally curable polyner |iquid,

cyanoacrylate and its derivatives, two-part epoxies or ultra-violet (W)
or visible light curable polynmer liquid and hot- nelt materials (such as
those t yRiyCl prypvided.| Theeetnting fbleeaglimussloth ataydxpaplided. in ealing dayee 46 aydas that

i sol ation nmediuns, 54 include, but are not limted to, thermally cured

pol ymer cosgrdhe Bailtinyrpase ghAnAelsHior e1qmeklene (PDVB) el astomer, as wel | as ot her
silicone elastoner and liquid silicone precursors. Curing actiyvation

t enper af@d1d$] nlaglatien medier 54 in preferpblyt subgtaniahydaunissible oyt witersaskion agugous

ultra-violet curable isplation ium 54 s its
der | vat G gyt FABRAE B35 RGa TR Foetitodd S sRRyB oyt iU ESH

utili zeghayeendd\r@ispRtttand/onapsefiel (Abtat hadivaleh@h o8 ey thay elaydateefetdivitianp
that is focused onto mul ti purpose channel 22 25 and/or 30, for exanple, by
a | ehs dhe dsems@sd baveadow vaseesity-| uni nating onto nul ti purpose channel 22 -
and/or 30 areas that remain exposed after application of a mask_ having

appr opr i[@ft1d 7¢ Uin-eobodinpemitst Wisareinvisrilasfonpmediimied 4rremeinp iy o forpeaies introglughien or
30 areas ose 0 for exanpl Lt RV LAES e adi ation
sour ce ?Wg%‘l P‘P&y‘%ﬁée W@E{Pgae (c;)e}hatng ?2%4386%25{(%%@?’&# gﬂﬁia(k:’%ﬁst% %.I ni ngdf(glr

mul ti puep@sslectracnet mel adaRMkiquil poBimealigid] datedespart acbd dapeditddtosmdr ce
such as 30 fiber optics. [00115] Additional exerg;}lglry i,sol ati ]'%r}ygggl um 54
may al se&ead alhef ithedntgripces svgep dhedmbignt almpsnliers ad thuds{Sychagispmy Bnt

evapor at} 9, ist)f%ﬁoﬁ WS@\M ?xﬂﬂff}%’ﬂr}ﬁ &! cﬂgﬁéﬁ% A BoaldRet LR MBucRfes, such
provi si ons, such as appropriate venting holes and/or slots, 1n sealing
| ayer 4@s eapd/ hids sidbatveatoan aRb beBtilizdDR52ADIPATFIGE0 2itedass asd irayprséerable

provi ded. The.. ting holes, and/ or sl ot be provided in seal.ing.layer
70  ar eadi peliaitigns artimn 8! o B o bl Sl 1A 5 POReuRBRarErRgh M

| sol ati gRUABA0DTC. Sthd ealhed 2@ Yhe SUBSIcalid fhichirés Yol Gifixed voluie ofat er
and/ or aqueous fluid, including with water and/or_ aqueous_f| uid _caontaining

a sur f abiguidifluid dpthgpwes sieiens aadsurpresses Bie geasratiomplyrremd drmediChIfabr esce
(not . at e ' i ' i t i y)

i hay Y bl B IS ks bIRRE af Bt Elop il [The JUATLDE HREY)
r emai ns 67 mdyi pudepodited vicafobetic, inretonaldundt dtiean disprskidg tbdnsgasdfotmanthe t i pur pose

channel ?niczr%él?n%ic Ll%r exanple, a solidifiable sealant 67 (for

[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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exanpl e, wax, hot nelt adhesive liquid, polymer liquid, elastoners) are to
be deposited to and seal all of the interfaces between the anbi ent

at nospherwoana3f$2bui ds (such as sanple fluid 56 15 and/ or ipsalS&oe/orRsedi um
54) in multipurpose channels 22 and 30. Other sealing structures, such as
caps, lids and valves, can also be utilized to seal off air-liquid
interfaces and it is preferable that solidifiable sealant 67 and the caps,
| ids, and val ves can endure tenperatures up to and around 100C. The

seal aht elranapld]foand; sseorst dsgay chemlel g s thatitHeUDNA dr 0FHEY Sheniksl dy AbLATEuSS to an
generati on of vapor

l'i quid/fl id&'t_(g thet éss%stations and suppresses the tion

and dur i ﬁ‘@a ASSEY PEDON WA stalipe HY- othedsolatian sppertynf theikelgtipn medivat

el evat eds4 grEaskhcd HE&EmpeR | b $ . osited via

robotic, manual a.nél1 o{nﬁer alé%?l etﬁsﬁﬁgm#ggﬁge %gélgﬁeg@ﬁ%e{%ﬁ%’g&?nmg%ﬁmedi c
arts. [OD@RF¥odess ist95PC, ot duens cembmdiatien bscurk irethewhbisePuenpDBRA. SHANRGH DN FRY,

have, ingte f okl/wax-.like-t i spl ati.on nmedi um 54, anbjent air of

sat ur at gfdh %ﬁ%cdoﬁf)ﬂhed?gi%}w ‘?ﬁ%ﬁ@/ ggﬁﬁ‘i‘ ¢ pshioesddbroygheqayentignal technigvesdudd
and 1 spasaettohanaish, péditle ;ﬁ@@%ﬁbﬁ@y%jeémh{piﬁ&ghgw%i?c'trﬂ% fnge assay
stations, to mnimze evaporation from assay stations. Anbi en1ft fr or

sat ur at ébewnﬂlamﬂowmvmym@mmn.hum dity saturated vapor may be utilized
to purge sanple fluid 56 fromfirst nultipurpose channel 30. [001191

Addi t i orl8013k] aAdditionally, eiveashiegisiep inmmrtesaddedin @tiemio W6h Fayy BYestbhe cheLirt P

pressure ove at nospheric pressure. when placed inside an enclosure
514, s ucﬁ%’mi’gn‘g‘%% PSP SHE‘&? é‘r’S;P_GC‘L@&‘lﬁ %’%n%ﬂ’g? @giﬂﬁd Bi9bp of piker wganted
evapor atreattioh @ORPbAdHH, Forixa®BRPintskdy it 26S Thi | iHpm ze
sanple fluid esg%or ation fro?nrégissasyﬁstgtj ons.mFOI% 2081&11%5‘?%%’5@?%@8%%m

t he IONA VHieraR parokaiaaikenmeleryles #re uiikings) which arastooplydioneditd the éaeahal assay

station ks t ' ' onai n, of t.he assay .st.ations 26 and the
first asoggilsggtgt gklﬁgrbl@iig’ge%d&%éggﬁgl ?@Fé&lﬂg?ﬂa&%&ﬂﬁm@# FExampled econd
assay cltisatnedf ifgterso Uhar thehemPhifion bf thehesayGbamios ad wadhthe@p, dbkhibHs d0 an

adj acent_assay station.in.the assay station array. The 1solation property
of the ?%tﬁqdif%gr‘? W f‘l%ﬁ“r%%’ﬁ("l’%v%"ﬂ T RERFSHte, 108 gpapplelintosthe prulépuapesear ound

100G, Smapck i ahasich AL s iy PP RGSRRY hyBiin o
i nj 88t i GABPneRkofthopsiey tactinad Thnraarkeaiprétes duh amieand tdussagdhaamdiey 261t i onal
}[ ﬁJC 22!{ ﬁ(k)\%’?acgg i3 211% ?g}ﬁﬁ? %vc?%%: éh%%x%%%&?? fcﬂ'dl?g (p)rselsénlc\é or Bseice of the’ ;[nl()l(zzgulg%f
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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t hernocapi | lary flow or vacuum suction. [00121] Additionally, a washing
step may be added in order to wash away at | east one undesired conponent
of a reacwopma/o3ech as non-specific binding of a | abel ed pcals&owno26t her
unwanted reaction conponents, for exanple, in assay stations 26. This may
be utilized in enbodinents 15 wherein a probe/ marker nolecules are utilized
whi ch are strongly bound to the internal surface of assay station 26, for
exanpl e, and also bind to the particular nolecule (DNA, for exanple) that
i s of5 i raseayexationsjpoaetisemplempépatdtion chimbdires arisdlihe @aoti@lon i@let&?ﬁjﬁb BEn&hgP.
conprised of 'iﬁltgi[ oducj ng, a wa%h,lg{‘\?g buffer (via vacuumor pressure, for
exanpl e)PPHEHICHE G, PR HiTiteiboe thepmal baadine. chestinsiatiy bending, sechanical faintieg end i s
provi dedigh&ie Bifidide® MRSBaRANy R R4S REG &8&? he assa
reaction. The mar keg(r)s/ proabgiééqt%at aglggh‘%)tkm Sgﬁgggg@ggghg%gfear@%gﬁ%tﬁr aces
renmai n tpdastinplaind thermophstic,as stayediet or pladtie fiimemancheraiallgasentsl @heiie

nol ecul e(ﬁ{it' iﬂtere t bound to the marker/probe. [001221 Each assay station
26 may CSHEATHRIE SR YEIARY BReemmsge phihe same matesl axibe sybsyatso Preferabis, e

li ghty anedlin@ajdd@0fahd QHIRGEGRMTE BiraRbaRni Sn e LG Lhe
case v\/nere_t,he}Ii 25 chanbers, chann%fs?, gn assa(élbgltg}a{v%%gr?\in%ﬁﬁf%Tc{uqﬁ%ﬁhaye n
conpar t fEtigiblepectsaramdldo nos genernse flaobsddedthatwilkinteetatehwithexerinfoacg of t he
substra ot herwi se exposed to the environnent, a sealing

| ayer 4 %é*?‘*%g&g’ép ?%’d to the upper surfaces of all of the fluid

conpart nd ,.channel.s .20, 30, .28 and assay_stations 26. The sealing

| ayer 48@%%11 ﬁa ag‘(i}%%ﬂcfgﬁ’ ofgnentse s<aling davst %ggﬁyﬁiséfbérpé‘b‘i@ed%hﬂbh@e%/ Hents thaf
sanpl e b lagifatattaovariRey SRR R IKAhbRNGBA He int ' Layer
40 may not  applied t,ofysarrpl e preparati gn’%hanﬂ@?%,eglntgg%%gﬁ%%gﬁ%égfbet he

i nl df s proviflegaga loeation or lopgtionsen thinease efd plugplitpyfholdy) oearhdyearioms htead, suchm

the upp , and/ o 2 dependi upon th articul ar

assay p?%%}%g%%lg(éf?@%tgg %ﬁ@hgogééi”cﬂea? H?%ng&l? 3?9880 tﬁ@?%‘fﬁ%ttﬁ?t sealfig ng

| ayer A4byemd0 iy pecomprisedrofamaetialeing & g pbraddbld MmichaninaliswatiifsaaMs .
enhance the capillary flow, and enable the

station froml.he envjro nt, . Yy . \

li quid FISHRSy %@XWHP%cWﬂg%PW’%WeWéh%@ﬁ piryliquig 8piddiom sherappatatisy a

pl ast i c160, kep dxamiples Gabischt N\ RaENABRE!S pARlied: ;(%\ghg%é &%g%@ﬁ?%&?&%’ 6Pl S
Cha r an a Ii e

assay stations, except sanple preparation

i nt 2bduBwifpand yariqus magijunas todingy teougbrtbe esous obammdlsng, but limited to,

t hermal bondi 3% el ectrostatic bondi ng, nechanical jointing and adhesive
8

bondi ngl00%34 changelsPe30,08n24 ksl beancamger insedihahpiailly #astbowd mfcra gl ass

plate, r%e’;er 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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plastic plate, a thernoplastic, an elastoner, a plastic filmand a
thermal |y activated adhesive. Additionally, sealing | ayer nmay be conprised
of the sawe mmsee?al as the substrate. Preferably, 10 sealpcagdoay@st 40 and
substrate 36 are transparent to UV and ot her wavel engths, including those
in the visible spectrum and do not generate fluorescence that wll
interfere with experinental neasurenents/results. [001231 I n additional
enbodi ments, sealing |ayer 40 may al so be provided with hol es/vents that
are | écarchkamber 640 peltptetthe Bowlinto she assay. stdimns 84 afrpihés casé, th@aistnoarediigl e in
location, or locations_in the

th ling. .| be, 15 i ded At ,
nee’or iR B eI Fa i Bhaiher T8 Bis Bhip Gt o e vmat T 3490 BRG il gor
wast e r egRMRie's ABuméDihe TXRMBh BF vATW 1 H@IRY 8 FI1GH é'ﬁ%]laﬂ@ 9. %P AR I%é[gﬁ%tst,hat

. |
sealing layer 40 may be conprised of a naterial t 1S gas perne €.
Thi s wouthg dasigp@f therphimE0 X andiths operggingsuethed of sampéxpreparationdid apalysioys di ng a

b ' - | f |4 g d. 1 uj t I .100, f¢ | e.
7 such SRaAdF i BaPnlietd o1 b or MRislite R R PR freaior
(o013 AU Sl PEnS o ttaci e ahil i appelrghan) We wiay Fotous) bl |y
f r om abowdrdphilié; ftere i Pheet Qo AROMEPEOatIN at YEY gtg%cf) %ifchﬁbﬁéﬁ?ﬁ].‘o%e G Hhié 80 es(ﬁu?% ns

dept h tyrgli cally fromabout | mcro neter to a assay st
26 can r@aagenplg flgidiisiequeousi et Bow intpall tid ghahmedsruabassdy dtationis by dselEivdent O

about 10 [ Ly: froom.about, ;1 mcro neter to about. | nmjn depth.
25 The sur a%g%%g%%ﬁn%&iﬁrv é%’grgt%ngsva%ﬁégcﬁ#bﬁgﬁ’%ﬁ@égy %Wa?%%‘geﬁm@ﬁannel '
20, 30, @&hadi¢akyBlicRidal afagnsti] yhentiodNok peeudidier types of channels. Al of
the structures can be manufactured using such processes as mcro

el ects 0- WBLIBNICRrtiGN St BB NGNS hd SHRAALOY, ndt BERHBA Wik h&iﬁﬂﬂLy

controlled (CNC) machi ning, |aser machining,” electrica scharge nmachi ni ng
(EDV), cNeffation areq whetalp prepretion; of sample dluidyis cooduatebdBelip?. Bxensglaypi ng. 30

00125 ' . . ' to a.thermal conditio equi red
For D B R 8 10 #5118 bRk B afea TR e mEited: dBAK rons
i ncl ude substraee}6 bascit leagt orequssayathtioh 06 hhfiag RotombaREiG LRI £RE&E hany (PCR) .
[ 00126] repyer, . in an alterpate equ i.ment of the present invention, the
FPE can ST BL0dAGEHn APBY Ghmektd. <aiitenally) platonmediannlet 47 ipsovided o

el utdoon cothfudication SHHeEorld BERIH ALY CadR1 Ve 3fN3Rc20 e%%léﬁ%’%#&;gg%]mt?on

chamber 6 to actuate the flow into the assay stations ase,
t her e i dnlgi2lnis @lpofmsevided in communication with first multipurpose channel 30. In the

embodiment of FIG 5A, a reservoir 45 is depicted in communication with first 30 and 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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chanmber 12, channels 14 and chanber 16. This chip design is shown in FIG 3
and FIG 4. Here, the valve 8 assunes the function of valve 18 shown in FIG
1 and FI GvOod3/08322@l | ot her respects, the design of the chlCp/SGOQo@sd t he
operating nethod of sanple preparation and analysis is identical to that
presented for FIG 1l and FIG 2. Therefore, no additional discussionis
presented. 10 [001271 Also, if the chip surface (surface of all the
channel s and all the assay stations) is hydrophilic, there is no need to

use a5 FPrapped a\mhlraassmngtaiscnra@aaﬂamp&ﬂ fuid pédlatuisdmo abdnytshitidn 0896d eddnbgdly ihhe
sanpl e f}aw dtlts ueo 24 it can flowinto all the channels and assay
st at i ons®B TEL8 TR val ve 8 is opened. Both valve 8 and val ve 18 can

be opera y ans, for exanple nechanical, electrical, magnetic,
cheni cal 0@?3@ &ﬁ%’éﬁf 8t asgay ﬁt%iw?ﬂ}?nﬂeh%bﬁrdep@tﬁdaﬂxe@m hemings havieg appaniat us

may not wher. rati on of
Sl o 1 Tara PO AE i Pl (e AR o PP Ao M R rin G Ret R R Bon e

t hose deminitnize shmplelflzad SGAOEermtblﬁmtﬁMmﬁlrjbkﬁeI@hﬂﬁieﬂ@@ In FIG 5A
substrate 36 has at | east one assay station 26 having in comrunication

t hermt o @0131] Sk FISSHY, 2 srEHNS0 oﬁﬁc&&ﬂasgayss@ﬁ%%mm%%%}ﬁ'se&ﬂ

Additional ]y, isolation nedia inlet 42 is provid conmuni cation with
second rPiPPRPiIeTRH 2RnERY bo providedivdtrtiase chassppiristips Saypt eos-obnduicir to

inlet 2 h first.ml se c annel
30, 1 n_tihe oS op SyRBIS b 58, FETUEEE B0 Mot GruipdsE ol pBiaR Bave S
comuni deeaiedro piotvidefd h)shro;ﬂﬁba:rm&ea: dndhig 2mbnmhiehpwmgﬂe sdradiede isWhi | e only
two sets of as%aﬁﬁr?ttgti ons, @SS%{ ét 'on,channel S an mul ti purpose
channel S947%5§HY Mﬁﬁ i Wg QP @Sy stadips 2fraie e p%( itipadnlep5
Addisi omal dnd firsealik FRVACT N i reas

accolrsdl \r;g to gartl cp?]rb enbag%I gﬁ?@%gﬁ iése%%ggggﬁ%)rhz g}ﬁfsﬁ?y&?not shown due

to top whewetemstics.GSimitrly) themuelrpsisar first essay ichamal iaamd asmy statonsxshlsd gavey er
40 cover t o] i na one or_ both

mul ti purg Bﬁlﬁaanne‘{eg 1’0? 3%1 g?’xep]ea%lﬁg%gﬁgo\% Set"ﬂ WB&’“B?OS%WCPC; be
run and and kieps; dae &ﬁieebmdﬂtrmﬁﬁmqjosé thenélsl’d ey dtbpHobREsuabd ERsbdrRtiE QPJaHF}‘Pt I on
with substrate 36. .30 [00 SOme errboJ, ments, first assay channe

has a sRATICHA Fpbadiments@s ﬁ%fFfeéﬂléEKi Hdnthe ﬁbmpé@maoagﬁdgana terdflomas
Snowp | SedohPalbdy Bhankll 3¢ (RQUSREMLRBUSRREAANGT Al Rl SATRL S of L4 56

that enters assay station 26, thus aflowng t e arr berng
sanpl e B$say ehaggel Znmpy alse hévmshwmhambﬂacemabmnbmm rehiikeH pﬂnttsbﬂhplbgﬂmd

Thi o redn iy fABE HBpeORROE L & FrsitreBe W 11 Torm and be -20 WO
03/ 0352[?(%132] 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.

-3 Q_



PCT/ S&02/ 00251 5 trapped within assay station 26 as sanple fluid 56 flows

I nto assay station 26 and eventually into assay station channel 24.

[ 001301 WADlog/0si2est assay station channel 28 is depicted exargeoani2sy herein
as having a circular cross-sectional shape/profile, this channel may have
any shape that provides flowrestriction to mnimze sanple fluid 56 flow
out into first nultipurpose channel 30. . 10 [001311 In FIG 5B, a portion
50 of second assay station channel 24 adjacent second nmultipurpose channel
22, nhy BROIGEb N deddr to sehl assayf statdorc?is isabAtion nsdiums 54 badlloaved th dBwdaadisi ve to

the flow of .sanmple solutiaon 56. For. ex | e, second nultipurpose channel 22
may. have th%ggg) F Bl?acfué'gidt glscﬂ?%‘?}? %éﬁ%%ﬁ’ﬁ)’&ﬁ@d‘é‘iﬁ’@w&@&lﬂﬁ Ertemoés and in :
enmbodi meR¢corddncS R VEISH dtttiddindfs bEth@ %St@@iﬁ%&'ﬁﬁ)ﬂ? qilc)?J %ké}glfle 08 IIP]L'(?NTS

€S ni'e

solution 56 will flow into assay station via sanp utron’i
21, and P4 msy batraduped jptslrst maltipekpB0 chauintlcd0 via isolition exedigeh énlétad . In

Y sy cnkiieR e Rim GRS 5 bR i Bl LS s FRG S opow . eelognemscinm 1 or
exanp e. inkarmpeaysehvéta @Al SOmhltRpWEdsO 1S SEMITY |iﬁ1€t§2rigagﬁ§z§ia§% [ isBRtioNd

stops, due to second nultipurpose channel's 22 hy surtace
char act emediuprasghowain FIG 5SAadn pther embeditnouis ferexsmake, degicteed in RIGIIG 17,

t he abru | |, di anet er .fram 20 second assay channel 24 to
second rp SRRSOl Plnes BERBE oG PR T iy s Sl 357 8 ot e eomin pawesty
channel B4 rathygr ¢ adethavechyihohipoliose SkinhaCS tERAE aaldative té & Ry WiCHdRg] Nt
sample fluid 56 flow wuld stop, shown in FIG 513, C for exanple. [00132]
I'n the BUPTHRRTIEM S 43 g vioysly dissussed, isatationgediviniSé nes onlysetyes torsoeli atealy
Wit hys abgar r : ' f | t one of

el 111 sy forex Py B also bReo BRI 2B o g B3R P P
parti cl egulsipurposy dasnel@0e MihaldisplaRed eamde fludS6rayy lewseakadniow 45¢ad i ng | ayer

40 or .2pen e atnosphere. Furthe re and in particular
enbodi %‘F@%“ﬁg‘g’ﬁ‘ HB AR SRS iy iop b sealsd Y thssang By PrAAnd0aY ergnaoun
in FI G Rt t6fipin abécbdnt Svents 52 may be provided so that fluid flowin the
various channels may occur. Additionally, while reservoir 45 and absorbent
5 are Nqueis] JBRI difaskohfonb@IRALA! soofif dsOERISAGE of Guile Afid £ SRBFHAY cat i on
with a plurality of termnal portions of nultipurpose channe s, It 1's also
cont8npadlEpuppsechaaralBa Hopsver, additiofal displapemdrit maypdsaakdplacedystheny be in
communi i ] | Ae:. Feseryol s and/ or absor t 5 not i.n_ . :
Communi capamolbf folfe U YFink RS Sl T EPameR g2 wheral e olation

fluid 54 displaces not 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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WO 03/ 035229 PCT/ S&2/00251 5 [00133] In order to seal assay station 26,
isolation nedium54 is allowed to flowinto first multipurpose conduit 30.
| sol at i orwoediosszeb4 may be i ntroduced via vari ous net hods PamtGoZ00251
accordance with various enbodi nrents of the instant invention. For exanple,
isolation medium 54 may be introduced into first nultipurpose channel 30
via isolation nediuminlet 21. In particular enbodinents, for exanple in
FIGS 5A-E as well as FIGS:-1 and 3, isolation nmedium 10 inlet 21 nay serve a
dual 5or smtibhs. plarthie embadinsatphlet 42 miagl actras atveRiland modt assa point ofl eatryffarthesol at i on
medi um as shown in FI G 5A. I n other enhodi nents f? anpl e, as al so. seen
in FI G introductien ef patiorsdnid ints seeangd MEUPHPPB AU @2:3’5%%})%1%@% WM nlets
t hat do teyrserve a dual purpose but rather are inlets to second

mul ti purpose ‘channel 22 that is conducive to the flow of air and an

i sol ati i 4. As i ousl v, di i ' i um. t onl
sorves A005ah L3S erids BRI ostla3HS SoanbROLRL hAD pEROLUERS NP O
di spl acepRitunfatis@tith ehd muithhuffost chantiss Sere, ti¢l abbqrben Sgovidesoe thedhtakEhef

di spl aced sanple fluid 56 may flow to a reservoir 45, as exerrpgi fied in.
FI G16A, ewgrise bamply flgid papndiaay BlsoJwiake gt isokstion megiumbyr Fudesite ray or may

not contai.n i : i ts
o the PPBIveBPT SEREPeR s bl B proVi; € D0 NGRSO SE AR AR st
However byaastiting aadthel “ppllmge fiemne onmythatdemhaédsapipbecuit) p 6tih theapplecitet fimh of
isolation fluid 54 into_t cond nul ti pur e .channel, 22, wherei,n the

i sol at i SHIEPYRPY C‘\l}ﬁ‘.‘neiji ’é‘p‘ﬂgté - 1§78 aﬁé’ﬁﬁﬂdg‘r‘? ?%ﬁ?f besn Ifpduged via ﬁgﬁtépﬁ aflat in
this efﬂa?. RIS sERG S @sfor@havSBERANEalBuALd the HERPKSt § RANBRId, Réw KBYinpe

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

hal 15 t hexddsovarafle Saivpiostainadi thergin. aktenerg®ned prgwionsly r bderbenionmey alsg §r¥R i on
medi um 2 54#% 0. t.h(gl tsecon§ rruééfi pur pose channels, the air thereinis
PR PR SQaUQR WEAP

di spl acé&*® on'26, or pluralities thereof, are seal ed by
said isglation fluid 54. Thi s addresse he cancern of apor at i on .an
cross ci?ﬂaiéhf fALSTBHIVE FIPRER BRY E’roa’ffe ﬂ%ﬁlﬁérgﬁﬂcfﬁg?% ‘?forﬂg\\f\ﬁpfehsag?#eﬂlélas 6

[ 00135] jrkh @feEctith. € An BidHRSIArylontiBilRa S isuepibddGh Fig 8. afiten Jsadheindddndray be
introduced to ‘exenpl ari_. second_rmul tipurpose channel 22. According to the
enmbodi mendtipispesstchanneh2Fisgrovded imepmmwnieation yithaapliiplenssaysstatipnsodliged via -

i nl 2] I: SR - Q%Bhﬁﬂ -1 : | ti purpose
C ha%el b Iluﬁ%léﬁ‘rﬁzggsr (S)tlg{rl&%gﬂ &ﬁ% % resu r%léédﬁlog v‘?ﬁleg %gﬂlhgﬁ nggzrglafen%&@of assay
st at i onnRfitigtrpodelvhatmeivefor eaatpleass tshown (Hsand &7 ¢ intel whichohmpleofinid 5aivhichay

then flow into absorbent. 5 and,then , co i.nto co nicatign with second
il 1 purBCRTEHER Ghe 3ot AR SHRAHSR} TPV G A oo 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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flow into the second nul ti purpose channel 22, displacing the air therein
and sealing the upper 35 hand portion of assay station 26, resulting in the
conpl et e weaBiosgz2of the assay station 26 or -31 WO 03/ 035229/5e07/0@&&02/ 00251
5 stations. In this enbodinent, inlet 42 may act as a vent and not as a
point of entry for the introduction of isolation fluid into second

mul ti purpose channel 22, for exanple, as showmn in FIG 5D. [00136] FIG 5D
depicts a detachabl e absorbent 5 conponent, that nay be bought into

commyni Gdttarth 60 add dellehgribydridpLasEheendh arogedss in Fig€, Rif éDalepintdidint filling and
provi des for the uptake of |0, excess sanple fluid 56, and y al sp upt ake
excess iSeding Procesmammstess seaiipnehdfe vieweot Fagpti Eig ﬁgﬁewtséggcﬁxﬁ@ﬁm may

al so pr i . i i . .ati- . i . y

or ovi di g bR AP RE PP bR the bl0 e A5 sBliahe 1802 B isBlaibh kG
the respactive first nultipurpose channel. In FIG5 D, isolation nedium 54
has been introduced via inlets 21 and 42. In FIG 5E the assay stations

have begpos® Rntidirhéifs whao khiratsofidifRpr g ktionanediay isAds diflidcasisisslatm e
fluid contained therein. At nentioned previously, absorbent 5 may al so have

abs df bednadianétiorstaplidify, pealidifirble seqloy £3 mayAerdeporiied vl EoupddsHelinss nay
rovide for the.i r : (! j j N

o oot e P 1 6 Byl s B i SRR Grafll, B oo 10 bttt B 2R

mul t i pupakeflaidipehs (@Rannsls phd wilete)irom thoamosphesd, aodepistedimabitie plesy mdlgy

stations, The 20 pluraljty of ass st.ati on e.in c ication with a

pl ur al of- 1%@5&%%@%@%@%13}&@%%%@@5 %%O?a“fobrfniéﬁ%%%%g",?% f? 30

and 30 )iﬁ#ﬁd&hﬁgﬁ@yﬁfmb%@ﬂr@ﬁq’a 8r Ydhkfabion BRnAPER Ghd bIRFTRBSoPRANAed

may be i I's provides for assaying/testing of S
mul 1k pl edropdramre ricaban@l eanfielin demoof waw happrltaomyosifiosl.3ghestyadignd, podiapstct

an alternatjv odinent. In this.enbodinent.. ass tatio .

St ati ondaii A TR Rou Rl VORI ROE Bhe FaTRbaTTH b 8 8 oPlisee 1o
(not shewizing chpGlilfand/é valvep, iMia8WprefdifddscontbiifionnIti® pefataiahhtsolidifiably 6B,

a side view of exenplary Fig 6A. Here, assay station vent 66 is shown open
to the a@m;ﬁ?aséveﬂsamai\éﬁ andgor yalvessrdyie depPeduss gp&e ebq 4P8G-on  medi um

pl atform 60 which is disposed over at |east the assay station_vent 66 and

def i nes [(H#0b4Tuming tp High@\anethsr examdrreanigurationds depirigl d Hsee. i91tiepr oduced
7Ly GRS IS 2l A SR o hatign 2
mul ti puppsition asagsayisaition chasahd. elnf dettiath exfbotlinhdrss, aslsdifiatdt atdlan 62 Gaaydre
statio n%i%spgs%dvg}elcﬂ}? ?)nto 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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assay station vent 66, as seen in Fig 6B. Subsequently, isolation nmedium 54
di spl aces sanple fluid 56 in first nultipurpose channel as before.
However, weaBasizon nmedi um 54 now i s introduced to gap 64PCrsaioabizsn nmedi um

54 flows to fill in gap 64 defined by isolation nedium-32 WD 03/035229
PCT/ S&2/ 00251 5 platform 60 and sealing | ayer 40, as shown in progress in
Fig 6C. Fig 6D depicts this filling and sealing process froma cross

sectional side view of Fig 6C. Fig. 6E depicts this exenplary enbodi nent
at the peiscondessey tthgorsechiaphet 2f land dtops adissay testhaséoond mivdtimepdse¢hinynel 22.

i solation medium 54. [001391 | n enhodi nents wh a .non-sal jdifiable

i sol ati &wbm@#ﬁ,@a%@wﬁl@ﬂ&iw%a Qe A >4 BYBAPER BIOdsEd TG the
solidif j 'gglg : it iR R thelse&d@t | on
medi um )éil’r%t'??%l(ra#{l%fﬁéan |er11t§ g’ade{ﬁmcoegtg e %fgﬁ%ggﬁﬁghs&gi?&f or exarrglse, in
order t emgéphrposd chantkl 28 duatoethe differérves fil srfice clpaadieistichbaiwedrssesord i nl et s)

fromthe atnosphere, as_depjcted i i de,view jn Fi 6F. This thus rms
a fi xed WHiRHROFeSh izgmft‘“é Pﬂ%ﬂﬂaﬁ@”?émb@ iala#hﬁéaqo%%ag%y Stasien ;1%} é?of
Liqypd ifsd-g8niti ' iSHRRGEST YARA scARBRIT &ld RBayitiod® RER RN

ot hgp ré@cﬁrl r%hg?t"3 gﬁe%%‘%%ﬁ“?%?%nper at uye. ggaﬁ%nt 67 cme in faorm of
wax, hotintarhde wowpostht songe flusddiesi thefitst gssey stapen chearel 28jagdithe splgtien ast oner

for exanple.. Additionally, this,solid.,sealant effect can al so be achieved

utilizi %"d&‘g’ﬁ f“?‘lﬂt?sf% Haylépwgf%%?,r’n?ﬁoany preferred combination. It is

preferred that solidifiabhle sealant,.67 wel I, ca | i and/ qr val ves

endure d&h4él Mlgsg%mt%“’a% ‘Oﬂﬁﬁé.‘“"f‘ég%ﬁ?g ?‘ﬁ?‘ﬁfé’d’(‘%e%éloaecboég anot her

exenpl a%lﬁﬁﬂé%%}%&xﬁa R fovieREelREugHRIRTisplaceo HRtaORitZ0, Madilem ¢ligdlitynm 60
z an

is not utl assay station vent 66 has been noved to an exenplary
posilsi omediven Sadbmygls tespndmultiparprse channel 22 ewnpleehtheserlmerl thesplurality of

solidifiable seal ant 67 .may, be . di,s [ I t L l.ayer 40
(not sh@\?ﬁ?yisw%toﬂﬁs r}}scfﬁe%ogg\% P ‘61085(;)1\3/"2{# glggglg}feg@g{ ?40%{21\/%“?5 ?Eg%ﬁlagg a?\%l | as
out | et s sgkehartialIgtiSnddeiblé Withlode tndther, SRlspi@vidihl atséed af paintivthepathihy neet such
provide a fixed volunme of fluid, as detailed.above, fromihe atnos re
and t hugs shawmin Bl dadh & exapplen & BItRpley epbosfimess Whﬁieﬁélst’fé‘g%%g?‘ﬁﬂg?‘g 56

in ass a%?fﬁsﬁcﬁtsioﬁ?ﬁyé af @ intPoRERoEnto M RRADdsE hAeRIDRAH FBMoS exddhile, SRAENCES

of the ing of sanple fluid 56 and’i solation fluid 54 may reversed,
[ 002411 sedf s WeAdtilized talsep] tht indetsioxtiets o the weltipemese drnials. | $ueh asplf patrief

th les, first .nmulti h . | d

channe! ProBnaapauestiept CRUhaRT S SARIP Rir B Bl RRORRERET, Oo2BY, o
h teristi .Whj 11 h | .22 h hobi

Curt ace Totsh oM dGS ATERN ekl ARG ORG viGRIG Bl ) U0

| ocat ed giations 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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above nul ti purpose-channel 22 has a ‘hydrophobic surface. [001421 FIGS 7A-1
to 7A-4 depict an exenplary flow and filling sequence wherein sanple fluid
56, havi ngowamss2ent roduced into first mnultipurpose channelPCIBGORhads
through and fills the first nultipurpose channel 30, first assay station
channel 28 and assay station 26, and flows into -33 WD 03/035229

PCT/ S&02/ 00251 5 the second assay station channel 24 and stops adjacent to
the second nul ti purpose- channel 22. Subsequently, as shown in FIG 7Bl to
7B4, 3 sofuafaceirey tha alteaspriaee eresgics and inthuasdidng with thetisolatidnygedium 54 may

rrultlpur dIS ces_sapple fluid 56 which does not flowinto
t he secolgd&ﬁlz(éptl f)ortf)gglé) %ﬁgf‘fﬁm& e to the differences in surface

characte b ose channe| (in this exa

hydr opholPESTaTe ?%aorg’éeﬁaé‘fﬁ%%& SRR 2o SOutE- (eI SHIPE B e
This re &Ilaﬁxll I )éMH sgon 26
viat he%‘lgl%?%# ?laeggﬁ%gfaggiﬂe%h% sa QI&; Tl uﬁl%ﬁ%%hl?ﬂ b?ktéﬁ%gr ??ﬁg%es ay ‘st’ation
c han nel mpémﬂuldr@ is srdtcafucaﬁnas abouteLandSilsiassayseatibn 261 ormﬂmnahtyrtbexsef channel

001431 | at d tr pduced
Yo soordosritpipdotet Brdir 5 St o R e g AP heprat el fe
ai r wit hjuBseqhibgily bwaed @ﬁd/bﬁﬁﬂlyﬂﬁér%d 2@ o Bl difR D thuk RFRMER: SRGP thmmH ﬁalva%; pose

channel 22 compl etes the seal] ng of the plurality of assay stations

nent i onexke i dhaipidessealied by aspliiind isolatios medivan, fangdamptd. f se«slsnfé)r,esolatxon
subst ant r ints
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[ uct i ip 5 X sol i
seal Pnaypofer gp W’?"i@ﬂd}t{s@“ﬁé&f iﬁ%%SqQHP@FsO/féﬁpplétfgmﬁ 6 aisolaien @9@1365—%4 ﬁlhng
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sanpl & ﬁf}? S S s S LR
an exerr@lraal@y ﬁléqhwrtb gamplerflwichobansl hrumtded gn glﬁe sdswith asubstamaﬁy seadkdasslasplid

t at first f | |.ed bse tl
seal e MERAPoS defact BRimtndedih & hesGBRR i utehran SR TR e
at | eas tmtﬂﬁpn@ss‘@ghaﬁﬁatm@rbe%ccﬂﬁplmyd Bglifihg bRdter fdicdzcb@rgﬁre&poh 1dtidnl 1 Ng

of a plu ty of as ons may be_acconplished wherein rt| cuI ar
ass&f PE%F‘HHé @Qﬁhﬁ a@ifaé* Ahespngledlud il gemgin ieassay statios

station SharkRD A9 %ﬁd ShRNBELS, %ec@foedlﬁﬂaééfxfe?f) ufh1§ RYERs R thd hde! ot ggxglr\gsc uS ay

sealing. For exanple, in FIG assay station
channel ssolationghedinaty tifait kel dequire Ipresawmidagion oo brt appﬂle6 & adek for them to flow.

{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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seal ed, while the adjacent assay station and assay channels are filled but
only partially sealed by 30 isolation nedium 54. These various exenpl ary
sequenceswearod/os3zp? cal | y achieved by the timng of the intcodeornest of
isolation mediumb54 into the first and second nul ti purpose channels.
Additionally, differential application of differing types of isolation

medi um 54, having different flow characteristics, into the first and
second mnul ti purpose channels 22 and 30, respectively, may also be utilized
to caont r 0147 oWheatteschip i 60 ghllomlrated bypihes Bolt Bamoe 560, chnetal BIr fspicts the
differential -34 \WWD.03/ 0352%2({ CT/ SG02/ 00251 5 surface treatnments that .
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Stati on PR ek Al stach K fopites lgn 522 (OGS 84 6P TS SR BV RICHELTY B |
i nt r educh 100, altRighahe taeerih td BHRVRASBIC DARDELS 43BGvd Be BYRDOINS bW nGH" gd

and/ or polynerized and/or solidified, thus providing assay stations havin
one of tHEi% fayi RS amplifieationyf PN thelfi¢tegidnimsay tat pesformed aithe eddof @xhnpl e.

Subsequ i SO j nedi.um 54 (havi th ane o i £ferent

compos thamtt sictorite eI Bihstit e B et et Ape iShsiane
conduct edaliyrddofor i fppestm@niitsidn iphfABEA (Kd18BARN ARECHBRYPRatRIMDERGUSN 4
cured 15 and/or. _pol ymeri zed/ solidified. This ss{a}uence of 'sanple fluid 56

and i solefelion ohigicutissson image andjths cavssipssinfespityt: nehe padiraimagingy dath gequisition

i solat i QR4 AR LB ssint & t Al RS . already filled

Wi t h1 sanpl e ftpui dssé %Soﬁ%ﬁ%ggz a%%& oneeg{;&greoq\?\ngﬁﬁgégg%{)g’?%nﬁ %W%Ctg‘?ekaq ed
and sol icamerm32thymonpeser Bteamded thettérapéramreoainatl oiteat 516y s@@edor $2804mittoon
medi um 54 into.the.second | ti purpose channel may be acconpli shed

utilizi lﬁ*&%‘}‘ lsm@%%é%mS%s@%ﬁmﬁﬁwsm ation 20 medi um 54 applied
secondar | e sanple fluid will remain in_assay station 26. and assay
channel édﬁzlﬁsl %gﬁgﬁoaqdﬁ@hﬁgfﬂ%m&ry fHARgeRIEREYAREINS coppanepis@fraasalyzr t he
use of Ve VFRG QUliows & 9biRhiaAb bIveH uihFhant B JHRe ] oA gﬁg& to
be appl i%d in or dero‘:‘vqr t her%to flow. [00%;481 mﬁ%&%?%%hto ’ ,nglgy
exerpl ah@weﬁmp}@eﬂn Sy<tation ifreqedsoywithirhihg excitatiph epdctrumpatiat flwwbphoksy use ful |y

when ut k.12 : - d SaVe S PCRfoO anple. 2
Dur i ng. bt B Il SAPASRNSEAIRGS RS B ok it e okl CERTERS s F o
the chi poriffifhens). Lightiamitatidtbnbyousde T 4saini exBitatic@tca®QlaERe 1RO HANIRY a
wavel ength spe It} mre irgg to excite_ the fluorescent dye contained in
each as g%l mg&g%- égr ang a BHeE S 444k and thegystrikeg pptogwhip Hlkaving ﬁﬁ%ﬁﬁb‘l’pe 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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light filter 504 where it is reflected by optical half-mrror 506. The
reflected |Iight 508 passes through transparent w ndow 512 and on to the
assay st awooa®3s2Ihe entire chip 100 is enclosed in 30 an eatiseer@sblsd for
thermal control. Thermal control is achieved by tenperature control system
516 in conjunction with fluidic handling system 518 which interfaces with
the chip 100. The enclosure 514 also includes the tenperature control
system 516 and the fluidic handling system 518. -3 5 WD 03/035229
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hardware control conputer 524 which is connected canera
526 and flisr pnbinesfsenicadilies atedrtapplieds yihedities 564 bgnhmmaglbdwng‘i%&ﬁlmwuﬂm the .

fluidi c harel nect o 0. 148 Fl GS

11 ust ractlae exe ‘%ﬂ?% yécgmr g)#ge m?s%ﬂ) evglaélf {68%%‘ Oéélgﬁ) iYefl ?’lﬁfer%ﬁenﬁ?lg g with
system cEmtfélgvawhlemgtha:qBaihepﬁéld @nibdiog Wwark] &gt T @k dgesystemin which a |ight
beam which may 20 have conprise an excitation frequency within the

exci t at ifeo158pehiringtoFigs. {1AendBlIepR: Arﬂaﬁlﬂxaérﬁlﬁ)cﬁxh xllgaasgmrgﬂl?prg}?a? |
station fr%1 sides or fromthe bot{)orﬁ%g B and C degltgnatl ns Hon
)"

conponerted)’s maygrs pravided spon subsirale 3p.ce Msgbronmection witle sanaple nidybamep28ses

t hr ough e beARk p d then strik
chi p. 100 st PR s TR B Sofd ol b bl cMfbp bR ekl RBof e

at Peaspadindantypepf essay tobe ame Acnwgargly, ame pmbsakneaemasa colffiseZbsabipleOpt i cal
capturi and, fi 544. A roportlonal I nt egral

and i ProoRaRe Bhahit g bRl leRiCR e ol egpponsg: B abfn iy 7850 Hrvacs

t wo- di maaei D@l chiiteslith@tleMdnt 82 in communication with inlets 72 and 70. Fither of inlets 72

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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stage 536 is connected to mcrocontroller subsystem 550 then to nmain
conputer 548. [00149] FIG 10 shows a schematic block diagramof a systemin
whi ch al iwbtosjoaazee i | | um nates at | east one assay stati onPCT®GGOL/HEST Op.
Light emtted fromsource 530D as an excitation beam 30 passes through a
beam col limator 532D and a filter 534D is diverted by dichroic mrror 541
and then strikes on chip 100. Fluorescent em ssion from at |east one
assay station is inmaged to optical sensor 546 by optical capturing

assenbl y (0438 diwthenmoramirptping & Bashing tubfet et slomblfferays) beigjedrd SFL

538 and -di.nensi onal translation stage 536 is connected to -
m crocon?w#r(%1 |‘é‘%“@’§8§§}%%’ $HP-t hen to main conputer 548. -36 WD 03/035229
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equal t K 1SS . dye, . [ 001511 .Turning. to Figs. 1
A and o e TR e YRR s B Pl R BB e TR Par e 7
may be 3\ . in fluid cannection with sanple fluid
channel ng(gl‘slsfi 'ql'ﬂéy(géa}?r%?lgpe;él{é;geg(?%‘%‘?sofﬁo%ﬂggﬂlf C’ﬁ'gﬁo B%O%WQ@%H%e\a PEafiibedyl ar
conponertudiepfahdiongulienis iniiecthiz6d A6 biraplb pephifn Shandses BWwitiPplaBodr Yive 80
Accordin é}g @rﬁle %’E) dlgl(gqnt may conprise a sanple preparation chanber 6
havi ng 279 K1 plore and oy @it 36109 Bo¥Rgb AEnAiTARYbRpumpeddntpsamplapragration  have

a fhow crahbeRlslth @%l?él?ﬁi%@ueﬁ‘?ﬂﬁéhgﬁqmé& &/ 1'5(3&1&4 S dleiE 7o it i é)dc%%l%ﬁl i ons

Either of inlets 72 and 70 nay be configured to recerve vario
such as 881 $FERy repstion maxigre (pemhprsing Sireimpls, dNiTRs, bhifts id folifthense) may then
respect by gddkd 19b1BBR sbittish v 510 88 Yh e Sithvied s Qudh ! gh elufion 2(l)Jhslticf>r|1, lljllogvs ’

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

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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25 including buffers, may be introduced into the sanple preparation chanber
6. Nucleic acid 1isolation conponent 79 may be conprised of a nucleic acid
bi ndi ng nwolase29 gl ass bl ock, nmagnetic particles or sili ®aTiseans)2sf or
exanpl e, as known in the art. Sealing |layer 40 nmay be provided with
flexible portions 90 that may be defornmed, for exanple, by a plunger or any
machi ne part that operates with a thrusting or plunging novenent, as
exenplified by 80 and 81. 30 Wien depressed into flexible portions 90 of
seal iSng ¢oageit. ThesowhemmebstimimioldiRt samplaftid SShamedy enfet tha@¥apQation too

st opped/ | n&?ded or ?I I O\A%d to so as_to djrect fluid flow to one channel or
the ot hePoKlY 3R B plqng S196S a553) SRR AP sasgtepicieddyiartpmsa fejoxder frpravent ghenp f or

ai I pur cianghlofluiwassyhgh B fah alohg e diflest - L #ed.and 4 nlect ed by
B S B L o b e S e 528 Mk PR B i REEE
LOO 1531 tFazQOhé raﬁsfab' @ﬁalm'e} 2¢bmqﬁongin@|fa b, agnﬂldel ﬂﬁielr\ivaﬂdl m(k)egtligf%w i%uf §sabr|1d|my

e injecte " punp” .contr e val ves al so. ] pically,
sanpl e pro} éz?‘é?rf%hi mgggg%%qa@iﬁhk}%§ sede Fﬁﬁﬂﬁn‘ﬁm& n&RSSAY $tadion 2 or
t he j@mbagdiioRnbusi®Mimbiior-! G 11 A and B. For exanple, if PCR
experinments/assays are to be run upon the chip, a solution having nucleic
aci ds thess7m B RhRW | Lat kan, chamher 6 havi ng
T 70 TOVETL iRl )3 BRI Bihe] HBodtRl O Ly RLGRR 28, e SPAM B bRl
chanber 26 hanadjaesphioiga bevdlet parson il 2. oBencded pontien Bl@pbeides Rp 2b@plcanisclaasher

6 with | unger, | ve. 81 cl osed and pl unger yal ve 80 open _to guide the
washi ng “geﬁi%"r“gS“tﬁgﬁ @SECW@%‘%@B?’POS%. %%5121 tg‘@‘feB)’ é%}élﬁmé bybblsyoxmatienihatf or
exanpl e mageoands fluidoiavy Ft MO0 Tboers AL EbY xﬂaﬂdﬂ&ﬁﬁncgﬁ ani%s?, iP%l{cgﬁ'd

remai ni ng _washing buffer inside the sanple preparation anber and
chahhel DBBHBEPoseichanpel 2o hasdbesuviore treaied mshdeny invpaat desired cdractenddtic8 Augloss
vacuum LR far. i . X .This resul .in the nucleic acids
bi ndi ngh?%o, %c &elwé?%ce?g& L%b?a %Ighs %@%Qlléafﬂw%.mbs 6‘6%@5’1%@8%&011 tel ute
nucl ei ¢ se@ond sudtipnposechaine! 2Zistxpsaidab ilerapplePRReREnt hchas BEESHLLRRR of a

anmount of elutjion buffer i.s introduced into sanple preparation chanmber 6
with pl GHEE VORpEeRaPP %HO%QP%F gask Mg Aot b aca?ﬁx aﬁ’ 8¢ togaverayersegendi r .

Al 1 mayadigy BhHIREIDA RIRdE THHE aPEIRRA AN AR 120 SOEIRA%. geihg agb'ﬁ%l & fd he
el uent through nucleic acid isolation conponent /9 and |Into channe 88. A
PCRG eadacPahiwtipugpase chanmst 7% Heying bevel At boyiddNkPsin ilxédsed taadngofoy ther ase)

may thep ihe:apdes: i ion,via.chip.i.nlet 86.and allowed to m X

with t hgppeil_gﬁttl(?gn s%%‘ﬁfa%%htﬁ%\?ﬁ ?é%éﬁ{aéﬁp%?’ ﬁ‘é"hntg%ﬁl f“é lengiel the Rk i R e¥thg a

sanpl e $dms of the noainginmel besdpplied oith theyredh adjackiethe isBdddd assay channel 24 and not
adversely 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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sanpl e preparation chanber 6 and/or inlet 86 and plunger valve 80 cl osed
and plunger valve 81 25 open to conduct sanple fluid having nucleic acid

el ut ed amdORGMB33RX to assay stations via sanple fluid chaemsGo20025The
sanple fluid may also flowto at | east one assay station via capillary
force, for exanple and not require the addition of air or liquid pressure.
[ 001561 The assay stations that may be utilized with-the instant invention
may have a variety of configurations. In FIG 12, the assay station's

cent sal eg@mipledUnder pardvilaie@dastidnteohliiong ii@ion THiBRas hbtdled e heedddas gedray be
conprised of a plurality of nodes 37. These exenplary structures pronote
even f| evsayfstaiipmsand changels fwen theraultinarpassehaneddanber in order to prevent the
formati on of bubbles within the assay chanbers. Flow pronoting structures
may al sd0OEN oFiguieskidiepicts apothemaserapldyfyoonfiginrstioh qff ant askeeyr shatoms? 6 watreimgn be

f d bst r.at | i 40 bot h. .Fl depicts fluid
vent - chiRRBEENTR 6T BHaK! e L Ear i G e LBRuit A AR s
03/ 0352205630025 cbsiei8n il incFREBRWSLANTR! Sk nd Ao SHTRLR

fluid 56 that ma}g enter the assay station too quickly and run _alg;g si des
assdy stadion hid cammypishitanctbetsyithy tsne firstmdtidwrpose C%frr@v]e?ﬁ hashsternadinpl e

flurd 5 i . I . i des of assay statiaon 2 rom neeting
at the S BarRiLRNRE R ShaRR o5 AR oSt S R
fluid wealltdpirpsieeddnidl 0Wniagttavs @ boddphatss ayfab ahdadteddicwhitliend@ doag@@iingto
sanple fluid front, so to speak, would fill in assay station 26 10 w thout

bubbl e reReHetiPBR! sqprie Bvid thergtivenehy Thedprrcesdsulise Aaradierbias Aierfrong epaighyo
station : : : . S | i \-

por t1 on™ P RS QAL BaR 1EAR NG sifitp 20" ASChRERh chlds 21 B i 54
fil 15 ngvwell ssdoooitienehanigs) npyseve hthen etendarytchefighytionsduch agtribugiibre ellipse
formation,t hat formas fluid flows .past..sharp 90 corners. and ease of
ranut ac i [gnesFPE oSt Pl el e e ihi B A Sb R ORI f ST6T  f ace
t r eat edcigds-QédRnhal Bapdrpart desired characteristics, such as
hydrophobicity, for ‘exanple, a mask is typically laid over substrate 36 in
a mannefoeé6) THiahethS®GOREHE UiBMeRR 385ccHRTAE kisk 81 iR RY BPRRDriRnt Bfention
applied treatnent, such as the application of a coating. However,

appl i catomprisss thriollowirg axainplisy stops-efdest samplapfiwbole blepde frexamyls; frememnd

| t ' t t to. b tr.icted
boi 7 aBOREls Ay 005 ubfhs, PoRRR: WAL SRR i B b BT 1o,
provi demal dava@depositéeatdest dral efraspecifit @iotich@d papRl(s); ahd eathaissdyheationrié ased.

treatment,. for exampl e, ch that, if the_ laying of the mask i s not exact,
So there 1rs at Ieagpone D X probe and/or primer in al¥ of the assay stations 26 on chip 100.

Each assay station 26 contains at least one probe 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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sone of the coating may be applied onto the area adjacent the second assay
channel 24 and not adversely affect the flow, filling and eventual

st oppage wbD osasbe fluid 56 into second assay channel 24PpPCAddiorvesally,
havi ng such a bevel ed portion allows for inproved flow of isolation 25

medi um 54 t hrough second mnul ti purpose, channel 22,. allowng for controlled
and snooth displacenent of air in second nultipurpose channel 22 and
reduces the likelihood of bubble formation that may occur as a result when

second ds §ilyd cifienndichadis alvded; &€ pigde e dlitiin RERE corfthiam g%legs%d MR¢A ndle@ulédar p
corner, such as depicted in FIG 12 for exanple. [001581 Figure 15 dep| cts

yet anotqﬁémuafsﬁlﬁ;}?@f{eatm%ﬁl Pty shamberad aé\fétcemé'@ely filshamberal?. divampdes of30 28.
In thi f t
[ o SRR AR TR St a0 G0 NSO BeRRE o A=

f1 ow of teairptaebdd dmfhdé,rxﬂmgmneargsxs,a)yapmghg ﬁqmﬂq)lkaﬁ'ﬂt neﬂoxa@r@ncstﬁ@ﬂlﬁld QfPF)
heating said sarrpl e fluid within assaigstatl ons. This is due to the |ong

ci reui t ti§hgsmbes 6r16meaéﬂe%§9d it ehambes 49 trpughhdiffusion chimels 1fe DIVA sontainede

A e e e e S s

exanpl e.chiumeteBO,fast dssayl m:onehmtnebm exhakisty stason 2ol ation fluid may not even
be needed to seal assay station and channels fromthe nulti purpose

channel 001689 1B dikitg wamerhG2diepicttthe dnetwieh LIXBORsay Maﬁ@ﬂ%@w filledpy of an
| east first and second

wh f
il £ - p b 6 S ARHPMBIR GO e ageh o 56t G ot 4ol DALES §and
si tuat egr ks 1P H{érﬁﬁltlklﬂbgéfe%gfn?etlseclggﬁmﬁg hs%lafnbﬁ ﬁﬁdﬂ:ﬁg?ﬁ%@%ﬁgt B{: ik pose

channel s 10 a iIs in ftuid conmuni lon therewt
pur pbse Oﬂhxdxm@ch@lznlraslastm dheradally surabkgmlyhearlapid or sliiacdoleofiiNicéurable o

conductl |d t her et hrou i | econd, multipur R
channel PRI ERE0 T b A stme B Tememsdb =L flevded Bripetane® shoyd dheBhifo-c
conduci VR préhea€i85 dhd/bi B8 cBip 198 PIntanldnWirnhbflThh RVAEBd tehiiRrdi@eCephisalyf ace
characteristics are strong enough to_repel sanple fluid 56, and retain it

in the adeahedselatiohmediumasyay, Be fexdnpieHientcdlie 2 partigpler Eapepsuressingsld  as
the ot th dﬁﬁ’%‘fl?@’w%x do p B¥8n s R6Ka gph%%&()&h&%#&@&ag fiRe &%Fﬁal%%uame
triangular, elllpse ozenge- typ cross-section con rons in

addka i oand UVcéurahle aers;m aem kquid slaterat arromnhanperammdsbﬂefomﬁdesahatpﬁals [@60160] -

The met hod of. det seas or assessi,ng the sk of ease of
o esont PRSToRHe B hentn ATLBES: Tais AR T tremal & it apd Shiceid B o
of whol gedatdieglto kfwiLkaBie Sed & QnAﬁéhb@pet%[“(‘fﬁﬂen’c BrofRbAIA @@'olééﬂép BioRyghj ect.

Before the anal f/SI s, each assay station on the chip device 100
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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may have deposited at | east one -of a specific probe and priner(s), and each
assay station is dried. So there is at |east one DNA probe and/or primner
in all ofwDhanaasay stations 26 on chip 100. Each assay ®CatSiGozo®61
contains at | east one probe or priner (sonme assays, for exanple, FRET,
requires two priners and | or 2 fluorescent dye-I|abel ed probes). 25

[001' 61] A quantity of the test sanple whol e bl ood obtained fromthe
subject is provided onto the device by e.g. injection. The quantity of

bl 00ds saipéationphe edalyzer tise inbindes @ taaperhiere el fVseatko Peribhe tekinhl 8fling
artisan based ?Hr% er nupper, of assay stations to be filled. But in

gener al , FOHECGFRIGIGR arphiicasian ahBNAsmolgcpleshe sufficient to conpletely fill
t he assay stations rovided on the chip. Typically, about 0.01 ul to about
10 m of 10946 EXAMPLEe sufficient to carry 30 out the nethods of the
present invention. By "application" or "applied" is neant that the sanple

i Is provi H8d6€Jo Arrexedwpldrg eethodod prapating thel sampErwdieﬂﬁi[mﬂiﬂ'grmiIArﬁo%tHeQ&é/

el ectro-osnpsi s ressurization, or yacuum neans. [00162] A gas and/or

f1 uid iss@ﬁ%ﬁtlgas$%ﬁ%n§%%ﬁ8wmgee&m¥% W%Q#Béﬁm@awan Fiestl-@anple inlet 2
excl usi vel 'tsh buffer inlet 4 closed, or else with buffer inlet 4

i ni ti%l |§’0¥??34n trle - | Ingsistipgsthe spRle: 4 - 40 WO 03/ 035229 PCT/ S@02/ 00251 5 i's
filled, after which it is closed, to purge the elution buffer containing

r el easedBhES]nsreple &3 exanple st sempledaiet wholerleodris njtad intvesabmle 12 and
conpl et J : l. f ases andfor fluids suitahle for

t he met %%afr%t#(lnt e prgég%aft Sty tin?%[?n@%lggca%%{né}seﬁq?&anl PAFTEY? % air,
car bon dnenos dech ad firesgartionr @pillarppuBping) @ vagumn Gititidn (3 ¥&ulinl is conden@bhally
pronoting fl ui qi‘}iPFpFé I|éln cgﬁrrber 16 is then rel eased into chanber 12

t hr ough PFELRd st BRSHAIPK AW: DNA contained 10 in buffer (now sanpl e

fluid) wll flowinto channel 20 and further flowinto first nulti-purpose
charfdel 180169 ptep 25 dgsipeof selisomd dindingef DY Acoropasewsaglasstbbackdd 26. [ 001631

The digital camera 32 detects the tine when all the assay stations 26 are

filled Y01 Eelf lysingdrubier isnnieetad inte Sampls prapamtive dharhiven Gghia aflet e 311 lysiagof
orts 4 ' to tull iK1 the multipurpose
Channel UG 1 SoRICALE) Gl MACTAICR Shrid ol rolk T s oG e

phase- clvenigicelis,pind beearse sushardodin the dysimbberfebitared b Gkl pRpartidl snathil-et
(W) curable polyner liquid. The isolation nediumremains at an el evated
t enper at'ure above about 100C via preheating and/or the chip 100 is in an

envi ronrir@p]\txlé f an ele atétﬂ tenperature. Typicall ﬁ/i when the isol ation

rredizﬁm it ,Ongexample p . EF@-_ é’é‘_tgé%}ffﬁb“_liﬁwlﬁieé V dlre presepinaention, issi nce a

medi um | ke w968 10l Jrkarbibla Lk BSkbfaphase. However, other materials
(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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20 and UV curable resin are in liquid state at a roomtenperature and
therefore these materials do not require pre-heating. Al assay stations
are pl aceawoim/oas2eher mal cycl er and subjected to PCR accoPdirrsgor/e026§nown

met hods. See e.g. Ausubel et al. Current Protocols in Ml ecular Biology,

G eene Publishing Associates and Wl ey-Interscience, John Wley & Sons, New
York, 1995, incorporated herein by reference. Follow ng DNA anplification,
at least a portion of the device 25 is illum nated by an excitation |ight

sour ge namm Bpa@vel @Xditritos ! imite @10 pae dsﬁlgeew&melgguadﬁﬁlﬂ@r escent
dye, e. fluorescein, contained in each assay station 2 When

i | | umi napreehlosidehdnf BmMedE, pAfDa 32 detects the fluorescent enmission
i mges from each assay station 26. The fluorescent en ssion inages are
anal yzed08155] | $amndceamelam bemiedivath Iysing bsifeybeforethemgl injeated arto sdmpleach assay

t at 20, h fl dt
i ensi EHTUCRBREREC] e b iFAashale Boed sHSp R ogRer D B 1roPHE DY
conponeRhH l‘éfpr dﬂb@atﬁﬂxadhﬁﬁl%ér Gds@udiR8 thioHSN ﬁr%"g?&% bfTk 3 'dﬁ@ ttﬂ@o %ﬁ%drgﬁblfﬁ)nﬁ-{er om

and the re ated optics which are avail abl e comerci al

Handfrat ghsorpas Ser byszenwa nﬁ«lh@h the lmdaaaalphlpe@etsyhrosgh ﬂlh@kaas Brogk 31 EBI(A 8587,

Japan re i an en re

t oget he}p"?ﬁﬁ%ﬁn eaig’sélt Sha‘*"“r‘i’ 3”"59@/ ‘nt*h aq8, O(f 3’2‘%}%%& Sl&i"' F035229
PCT/ 3(30310@935ha5tuembem§zrt@mraaifm\mr¢ahwﬁea 1@k:§ﬁ’plan| udes a tenperature
control systemto performthermal cycling required for PCR anplification

of DNA pog1961 /1894480 168k aEWdrEaddQﬁé@&Juuﬂih@dﬁﬁ%&&bed Qi%v*éqg & BR&§ ! ng

the sanple and extracting DNA fromthe test sanple is illust ate I'n t he

fol | ow ﬁfgnlészan%belngelxe“feplthmuglythelglmtbkavkéd the felﬂcg@ngmeans@agmphsd ep 1.
whbid: bR thation S0k inrBiifed bOE SR Erp. T R B Arllifiine

sanpl e buffat th2oughhthe blijck Gl iopalettro-bithssisp@ppidgn be achi eved by means such
as pressurization, capillary punping, or vacuum suction (a vacuumis

convent j@nat) Whe@ﬁb@bﬁicﬁ@lb@ﬂl a0 BE Bsptachll B¢ ot FilterlRedid BbORInSLERs Bbeligi NY
of cells and bi ndi ng. of DNA on porous glass block 31 [00170] Il lysing

buf f er P&iless %léftsél?"i@?fs@ neprssempdia suehnas csHulorafibrrrma, vraagnmxepmnclewnh
lysing woutd §ifrfa|c¥§ %t;m& ﬂloﬁe%h o8, ARITHOLTLE K6 51 LA SRBR FadY

nol ecul es are rel ease romt
20  combination of filter medla The DNA attraction mechanism on the filter media can be in the

form of, for example, electrostatic attraction or attraction of DNA to other molecules pre-

immobilized onto the filter media.
[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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white cells,. and beconme suspended in the lysing buffer contained in sanple
preparation chanber 6. 20 [00171] One exanple of the cell |ysing buffer
cont enpl awed3bgs2ehe present invention is: (1) For |ysing @eCTrsed2bi2sod cell s
(Buffer A): (i) 4.159g of NH4CLl di ssolved in 500m of water and Tris-HC
adjusted to pH 7.2. (ii) Make a separate stock by dissolving 2.06g of Tris
base into 100m water adjusted to pH 7.2. 25 Mx (i) and (ii) in the
volunetric ratio of 9:1 (2) For lysing of white blood cells (Buffer B): 6M
GUSCN ( gifatist]i Ae0msbNaChHEY anth’h)s-HGh GmM D T BéjsOPH BZ}m)Tthﬁ talyoy eDiwef er s

I n, sequence "A' before "B" or "B"

"A" and "B" can ed to r
bef or e "JRIXUIgEVI lb%l/gﬁﬁiaﬂ?ﬂdfl ‘Ptﬁ(jrfﬁlj’qu 1.4 6o @de rambethanpl i H00mlesent
t
g @#ﬁ%@%@f@%ﬁ%ﬁs@% e
10 5 b buf f
et or o o0 R PH faflop o1 ARbronBRAS Wcaﬁ?‘iﬁ%ﬁaﬁﬂ%ﬁ?@d@b%@ 5ol whol ¢

bl ood sawghing(Hu@etienghinht @ushelobzym Alge ngmbéhs&aﬁmssb% RdapoHive
chanmber 6 is sucked throu h the %ass block 31 due to the absorption by the
Y

10 alfsorBesiprizpatign spgh g EFLE?PG tafringe pemB mpirep theskashinghuffanthiraugh the ass
bl ock 3%, Mé@l&%'&i}}&ﬁﬁﬂ?lﬁg\’sed sanpl e are bound to the surface of the

gl ass bl ock 31, since bl ock 31 has the ability to attract DNA

cont ai nggﬂisgl) %@gﬁm&&éﬂﬁkﬁ %fiqSSélggf? 3f0 the absorption and the vacuum
e y

means descri bove ass anple and Iy5|ng buf fer through

the gla ‘ al.so. he a 5 positive
pressur ﬁ@ a&g nxﬁgrg}éﬁ gggs {’ﬁgﬂf c’)gﬂéﬁfg} ge @‘ bgb% ﬁdj’é’e‘ﬁg‘ﬁﬁ“o $a0 %Hﬁ’pﬁlﬁélon
sanpl e aRsmbets vig bulfef infh 4t FEHOdcl PR®Sin iPUNPI ng.
[00177] The gl ass gl oclij C§>1 tcanwgttrcscoﬂge rlgg ﬁé&ﬁ%n gllé)a?lﬁ&ee?@fl l'ter n%egl a

i nclddi mgorgeskty mptheds pigh as apturdl dsdng gi @s@emmé %amwgnﬁgha@stunech ty atch

as cell bei, Ies at ed surfac s to
attract gmﬁﬁ?écufg& n% ag?’%@’ﬁ ag ﬁﬁ% r? C%If({fg z SR Y %{e‘ﬁﬁm
conbi natof the ebftidhi Hufter cm’eds‘abe ﬁh&rﬁi&&b&hﬁjeaﬁigl the bEial1aiel théaiplé pRphdatiber
mediacagbéair}h;he " .. . ..

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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formof, for exanple, electrostatic attraction or attraction of DNA to

ot her nol ecul es pre- imvobilized onto the filter nmedia. [00178] Step 3.
Washi ng twe oslaszber 2 and gl ass block 3.1 [00179] Washi ng PeafSiGee/0d281
injected to sanple preparation chanber 6 via buffer inlet 4, and 25 washi ng
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
nol ecul es bound to the glass block 31 still remain, while all other
subst anc dlsoienhoelemygCesdnatedtrassfar(FRED), SlagMan® (mané BlolcRAB PHidAg) In€hanber

6 and gI ss bl E\P?]S{h]i.fg thro htoawaste drain, which can be the
absor ben O’?}eTVﬂ@"e 2}? Wéu & Brebesp [nse Eugene, QR ) #nd Malgewar Bedosn,
washi ng W r se nt
iee. [ oolkbf &%f&%%,‘?‘*aistl‘éﬁ““msﬁ?%#‘?ﬁ% e b R T A
i nvent i omjécsion 4BHNGEBMAS B2 2chi BNEH/ GO ﬁ@?ﬁ&lzﬁtld@@é}ﬂﬁdry%@ﬁ@i\dg'\l@e@hunﬁo mvl
Tris-HC I,[:_DTA adjust pH of mxture to 7.5. Dilute mxture with 95%

et hanol FW%P’PI’@ Qol umetric ratio of 1:1.4 (eg: add 40nl ethanol to 100m
buffer). Another washing_buffer conte | ated by the present invention is

80% 1S opF9p8Hol The WSQ{ elptiors brefifarishenld §1ltyrescupis e seple paerdration charsberr so
means deg, [ er 0 ass bl ock
31 the T Tous uaRbiel Aufiesd hofie 4B A 10 35 hOUPIEAG IS sHif TR on
such as ¢ a gelve Bathedlutipndusfpr isrgafigudrtp siraplepigpatdtion\bhahbi® dudhf @ist h rough
the block 31 or electro-osnpsis punping. [00183] Step 4. Eluting DNA from
gl ass bI%f@’@fsfe@MSM After the glass block 31 is dried, the elution

buf f er @ ected into sanple preparation chanber 6 via buffer inlet 4 to
fully oc 8}}8}1 piorty sheylddie raprectn pravent the etpien nfferfgomn snovingpewtside ted by

net hads §acin QPth@%h&iﬁ@ér K iﬁ'c@ﬂn?{ya?at fﬁhs@f?é 10990#1}“)@&%’8&@&12 o2 IR gerx?uteu € or

by hot air blow ng. The ry| ng I on rcalTy ranges oM

seconds analysisf ¢w partiviarsinadvyrient applicatoh of lﬂe: gHsoiibents fishidte safded). SO be
performed by injecting the buffer into the sanple preparation chanber 6
t hr ough 81§l Jesnbhmrekh8dpréddrate fiDNIP Mmolécules, inforth€ it e volmedE tHeRMaih

capabl e et SrbRerhipe ity SERuR BRACHICLI e DN Bl BilGeRhe Bllovanel | he

Eal\llﬁp Imgl aftth@s et beasabiniRe Ql'f@nzﬁﬂr%p apEaflgitRrfePBy b Rithh Sh abpRLALNAd 1
as described 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
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preparation chanber 6 above the glass block 31. One exanple of the elution
buffer is autoclaved water. Another exanple of the elution buffer is 10mM
TE at pHWO43/0p20486] To enhance the elution efficiency, &CTISGaD02597
actuator 34 presses diaphragm48 to 25 agitate the elution buffer in the
sanpl e preparation chanber 6 and gl ass block 31 to allow nore DNA

nol ecul es to | eave the glass block 31 and enter the elution buffer. [00187]
The present invention also contenplates soaking the glass block 31 in

el ut son abssyk.eHombgencatioassaysiwitichinaybe perfiraRi88]thd tidp ehnibé Sividedfifter3 gabral
contain, or be added with other chemcals for subseq uent 30 analﬁlsi S, (such
1

afldi ti oﬁaﬁege?@hpyﬁfgl\wﬁm@%@@eleiyy%ﬂw‘i}i Er@teéw@ﬁl tbpgesl| and \wp ha&ﬁﬁﬁb

. . . | . 6
Subsequastyy Shenif sl SR TblfRed BaBRID! ° PLEPET AL S PROTEPT
heni cal include the. \ lification, .
1 vor coddAl B TR At i EREY BRel Shnodbiner Sctirbess BaLEBiin 0.1

pri nci pITE Wiffer 4r M,W%@@ﬂ@@&ﬁ&&a%@g Isfaltia@sr 26 &TG6n BoBhTived.

resonance transfer (FRET), Taghan(r) (Roche Mol ecul ar Systens, Inc.,
Songfvi lmgobppptio leaslangreactiomspapona withisas deast one. assav ipsion mayRYso and
Mol ecul , - C ] I I tf ordn. .
anpl 1 11 coppaes xR, Mot Rlon ARhaRt Bt tiale. REER AP epustion,
be achi ededet PNOUGIRIFAds®BUW PERréaotion afftidel (riyuspHimirngnd pabes) ané tetviile et c.
10 [001891 T{]ﬁ anmpunt of el ut.ion _bl%ffer should fully occugy t he sanpl e

pr epar afPERrChARDEte Be agsay sigtipnt via test ol fuipgss dranpel 30 shmelseUppn & of

t he chappgbiidDine HinRROMY ﬂrabéslﬁérti&?atﬁn&ﬁ@wﬁ%@fsp%ﬁggg,zgﬁ-gtgé Mfctfm, t hE

elution buffer is confined to sanple preparation’c uring this
opetat i Pgtestiepof froduddmanbé caddugied dysfwiuiod litndteda) ertiliving fbroestench essehariceon

buffer from novi.n ide the, 15 dommi.n of the.cha i nce IS
woul d o PREPIEREEE et alfneathrtBTGRl P & i) ORR T RG yruRlecei Bl

par ti culi@ectidnnRduRr irtércalalr (PiciGren, @le TATEO @S B4ligNE.o STEHAU POPOR] ayoBaeRd) -
[001911 To enhance the spread rate of DNA nolecules Into the entire vol une
of the & Fr¥HPIfiektimedta of IINAmENA peplificationrs eellacrediduring RachfcyelecanbNA

mol ecul gs, isbRidffi®fom L R8seiigl | oW ng et hods can be used in the alternative:
agitating buffer by actuator 34 acting on diaphragm 48, 20 as descri bed

g?oﬁr'r(g } eﬁf{ﬁggﬂi Weﬁﬂﬂl%%ﬁ)& btag)edseg%g, &rgﬁlfﬁ%&{ Smdg&t?éscttiggtn?eﬂg’o%oio%l?eis F?‘Playat one
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

-46-



one vibration frequencies, especially at a resonant frequency of (1) the
entire chip, and (2) the nass of the elution buffer contained in sanple

pr epar at iwp osloastber 6; heating the buffer contained in saeplissopp@psar ati on
chanber 6 non-uniformy to generate a thermal -gradi ent induced flow, or
forced convection flow, of the buffer inside sanple preparation chanber 6;
25 adding surfactant to the buffer contained in sanple, preparation chanber
6 to heI[) to rel ease the DNA nolecules fromthe glass block 31;. or adding
magnet i ElabivaisagPobyinkrsese dndt2c2ud wiatezr Inathd confsilnibe aboed eompopeningnadhbd same
actuator_to %% tat et he lbuffer to help to release the DNA fromthe gl ass

bl ock 3FPUHTEII2T Ra4POIVBE e above steps, test sample inlet 2 and buffer

inlet 4 b d .30 interch ly, i ngly t (i.e. test |
i et 21680 P et ot s DA e ity v ElsS b GG f0sehe T 8 ( he.
present Zji"ti‘l‘(;—e@(gﬁé’,”/-z"(ﬁ 0043311 0| 4,38 PeeSGAd RideQR 2 AP PERReARBRIA (@11(/3-

directe and other anplification assays, the invention 1s by no
means s0Q)iwiilt adn-s¥h e GpaahameguiznAfterdtCRydbe diip t1he wes ebsented undwembeion nmay

also be_utilized to conduct_ a plethora of various assays, jncludin
hondenBBRIEsCeALmIRS g CBIRAS ey Sxagsg dansios carbimpes. Hghulaioduoriutey s
whi ch n_ﬁ)&‘d@i‘tap@r{e%@ camHreOThe RRuRNERWed RostBvdaipiitdtion be himSeTEHRiphan
categori es:  DNA/ RNA/'Apt aners (nucl eic acid based), Protein/antibody based

and cel hydsexsdate gamsggmenties spinpargd dsenairel adiiasenponent s are provi ded bel ow.
[ 001941 I n DNA/ RNA/ Apt aners (nucl eic acid based) enbodi nents, priners and
probes 0024 KxampleidifHER-FREJr datoctiop bEthe 288 &eh genetiopl Rledadndmitso t he assay

stations .26, and then |'yophilized. .10 | bilization of. east .qn

" eact | oG O A R bR ET A Db SRR hiay Refp 8% £8nfh and
forexapit BH. ryrgPpna}ﬁaz; 1e RRaPTHnte PERASIcthE@d SndOAppIRIAE6M) 86 crobRIdyant Rdod
preparation releases or RNA into a PCR reaction m xture (mnus priners
and pr obelysisaHdRelsehl whel dEds. Springerf Pol®l -1t o t he assay stations via first
mul ti purpose channel 30 or channels. Upon re- hydration the priners and
probes [§8262]cPpRineixi hultdid OFCGRa@run: flag eiderf W @f 2RM A0 Hse®ideli eaeh ofl HuM

Det ecti Qn roduct s | §.m Q, . utilizing

fl uor ess((g%crll{?:em?aerggﬁgﬁf: gf@ééel? g&@ ?gﬁé(ﬁgFQ{%g@C rtﬁlto‘tr éécz}'gf]%?)’éerg%%rﬁmare 5e'(:t i on,
or nor naFGNtF ERETGEYOT AGeEAC -Bt)Biul off @ 26aMi stotkdtuodédaert proties(SC-AICR 680 -

(PicoGeen, the TOT fam : Toto-1, POPO-1, BOBO- 1) for exanple..
Reatt 11 G TP GHA SRS SRR FOGo SRS Cog P hbmbaa il b St b el o
and  t hegusbshREMaRd, 1and 1 (DS G, 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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20 [ 001951 In exenpl ary DNA based assays, anplification and detection

nmet hodol ogi es may conprise PCR, isothermal anplification nethods e.qg.

nucl ei c awoDd3®sNand- based anplification (NASBA), strand @cCImGazersnt
anplification (SDA), etc, as well as ligase chain reaction (LCR), rolling
circle anplification and ligation, etc., using FRET, nolecul ar beacon, etc.
as described above. 25 [00196] Al of the foll ovm' ng assays that maybe
conducted in accordance with the teachjngs of gresent invention are

mearkt t@sasEningie PpEe) agpaichenmismsiahi tugleo qu_tgth BaspopReRg Refornos1
Exarrpl XhIChen aqsmxo%ne %%g%%e%agb?§€ay stations (diameter -0.5 -

i ckness - CRmx: lul of I OX Pt Taq

I f 1 .of 25nM | ul h .o Tryt
ESJS%@E@@T Piasr Y ARer g SONE B itas AT R s fesporE AT
rever sepepf-b TRAladsemia. e [SaMerd Al ﬁ%@esq;f-é-re-[ h%@dﬁl the%sgay statibnQfnd2 AV Ps ,
| ul of | Ong/ul human genom c DNA, 5ul o A, 0.5u 60X Sybr G een,

| ul of &mmplmrmmmwszmsemt@msm&ms M@hc mrmumharmglsﬁmd@é and

Lbl ter. I'n the control, the above conponents are the sane except
thelr %o Taq pol yrrerl se [ 002001 PCR conditions: hot start 96C -1m n, 30

ercles yiCe e i of 6T PR SFrhie s oF BEEM WGSTE fTo M CL 1
PCR al phflofmesieNAR ber of %M MeTEN 181 HABcHBEuMRERK PER foRRSH phimed! l(?acmo

fluorescent m croscope using the same exposure time for each'im hooked

up to ﬁ%M&CAﬁﬁGWtﬁﬂTW&G@a&WTGW@:}PI@Q@H@S Ghowddl pdditi ve

cont 1ol s G0 RGO RA0AGH PP AN el Fkinden ARREpLbEWakMERCEATRAI 2 10
geng f rcom BG@sC@mmasll 5h4\@eﬂR@¢-mBaed accamﬁpfwg@ﬂpmsﬂm eAi(BAGhHrTGaIUEBS
human stroenteritis. Reference: Loh

Cyoro SN T O vl bR LAMIAAHS <0 CAETRITHTON B D ThBEY AR GBATC

anal ysi 021 PCR m x:
| ul of ]ir(}qx@élda?ﬁ:?ﬁﬁ‘@raq %(%negﬁ 1u|an§§ﬂ 6%%%@“&@%%25&@8% | QuM st ock

f or war gojymienase, {5Umtmmg}1§6®1ﬂ@&@a{émdmmﬂ0uls ) and reverse priner
(5'- GIG TCT CCC GGA TAG CAC -3'), lul of a 20uM stock fluorescent probe
(5' - LQ@Pe08HPCR-ligation conditions: Denaturation 95°C — 2min, 10 cycles of 95°C — 15sec,

20  ramping slowly to 65°C over 1.5fn’in, 65°C — 30sec, followed by 30cycles of 95°C - 15sec, 65°C
— 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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20 GGI AGA GCA CTG TTA AGG CTA GGG GGI' CAT G 3'-Phosphate), lul of 5ug/ul
BSA, 1.6ul of 25mM Mycl 2, 1ul of 10OX Sybrgreen, O0.1ul of 5u/ul Platinum
taq, 1. 2ulwofosmai2ey and 1,5ul of sanple containing P. shi gelrisciogiessDNA.

[ 002031 PCR conditions Hot start: 95C- Imn; 70cycles of 90C - 0 sec, 70C
4sec, 72C - 5sec. 25 [002041 Single Nucl eotide Pol ynor phi sm ( SNP)

detection: Allele-specific PCR dye-labeled oligonucleotide Iigation
(DAL), PCR-OLA-FRET (oligonucleotide |igation assay), LCR OLA- FRET, allele
speci fi wﬂthﬂmﬁtma%a,se@g@sayﬁ:002051 Exanpl e 3: Dye-1|abel ed ol i gonucl eoti de
ligation (DOL) assay is an assay that uses PCR to anplify the DNA sequence
and t hef0pbt ApCR<SNRrechyhthetic DN AY RINW ohdptiae sequentdsgrieichepbe dernhdlgadi on
assay with FRET (PCR,OLA-FRET). The QA assay u 3 probes to detect a
SNP, onBOL R RIS prdgie arid (o tBaPUgTR e ﬁiﬁﬁeae?%wm@ewgﬁ & n),
and t hetaga%% eif’i‘,gig%bgU)?;Hg,‘r:dahﬁroﬁx/%&?ﬂfe&%oﬂe%}@). | AhGHER 1Metdd itk BEYe, R

(6-carbo - rhodam ne
(N, N, NSTABIR 4 foraxemipld, n6y dashuhssided dadispaled ifoessayshabba 26icgabanbas anded t o

-47 WO 03/,035229, PCT/.S302/ 00251 5 dj.scri ni tch or. m smatch
e ot DaREREE g et Yol AR E B oo b e dssty T Rligtney - ¢
Genone Iﬁaﬁodsla%%sd&%ea%aé.%aoéﬁﬁn{mmio%gm ItdiedRterdeh B8 codon 39

C T mutation in the beta-globin gene responsible for beta-o-thal assem a.
The priaptancraneteis ipding weens of fheghnding peir isdabdled with the fhosascoridyand t he DNA
fromsanple prep portion was infused into the assay stations via the

var i ous|[082&ihnBtotein é datibbdbasedbAatapve. [ 00207] PCR-ligation mx: 2ul of
100mM Tris Ph 8.0, 2ul of 65mM MgCl2, 2ul of 0.5M KO, 2ul of | OrM NAD,
2ul of [ROZAE) BididiRs/ Antibbdy bssewc such @ LIS A (énAytiR-lirded@nthupssortent {554y)GAdy b&TG

GAG ACA GAG, AAG ACT.-CTT -3').and reverse priper (5 - GCA GCT CAC TCA
GTd%GG“@%‘ %é@“ﬁ’ég SO,CtT“F‘ m%%ﬁpgmﬁ\ﬂ*?:mwéaeeamgéﬁe%?%}B%gepg(%Aﬂmeﬁcr ACC 15

cTT %aﬂ&vi@h)ami‘»ﬂkg?&em}ﬂﬁéﬂcﬁbﬁéﬁﬂcﬁr&%%&&ﬁn robe (5'-phosphate-CAG AGG
TTC TTT GAG T-3'-ROX), lul of 5uM TAMRA-T abel ed accept or probe

(5 - phc{ﬁqueh}%e%gé@nﬁﬁgy lelﬁgdiﬁé&gsﬁgé antipbohd/ok Kﬁ%%ﬁgc&fbehm QRAQHS o PNA

0. 5unit” of Anpli Tag-FS" pol ynerase, 1.5unit of I gase gase and

wat er tiREADdles, biohadigescE@R-ksqgandeenexgyricinsfeo (BRE Deprateur, fiupwsce@bdye- 2nmi n, 10
cycl e? q%fenc%grc d}_rel(:Sosm Clhations, 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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20 ranping slowly to 65C over 1.5m n, 65C - 30sec, followed by 30cycles of
95C - 15sec, 65C - 30sec, and ligation using 25 cycles at 95C - |5sec, 45C
-1.5m n. WO020%22RNA Based Assays [00210] Exanple 1: Anpl iPCirs&oe/oeesand
detection: RT-PCR-FRET detection of Dengue virus type Il. Reference: B.H_
Tan, E. See, Elizabeth Limand Eric P.H Yap, Rapid cycle Real Tinme 25 PCR
I\/bt hods and Applications, M crobi ol ogy and Food analysis, if. Reischl et.

2 el BB i P e g S R ot
o 33?"‘?’%‘89@?%%8%@}@%&% ari“"c‘i@?? 5,501 of 4uM Stbck probe (5 o

sybr o oai oA GEsiRI Y B %%@d‘é{?ﬁfosgﬂﬁt i er and viral RNA added
I:Ign!at ﬁhﬁ@ia’gg&morygﬁ{% %%?fi’}?s re(ﬁ é’%%?’gl%“&go%g%t@é%’rﬂorﬁ?sa%%o%ag cycl es

of 87C aipHat@bin waE utiliZed e of thd MOQ%Q@%%H%EH/@%%&ZE el i3 3IE)
Apt aner Based Assays: [00214] Aptaners are synthetic NA Or pepti de

sedilenced thehethér allephyrecyan @nd nodified (e.g. peptide nucleic acid
(PNA), thiophophorylated DNA, etc) that interact with a target protein,
I i gand [00223i dFR@&"r\baﬂnh#eméwhmeemﬁbm Bghtetas)direétet anBE dul mbefﬁmienmrtvbasa dye

260 ShEs ARG AR £ e n‘ginh‘?e‘%%é@ BRoefish i ke sl o !

i Nt r odyResl indy Be iBroRed BY usih@hda9 MSfraLtddl Fmtm aye ?msma% asatﬁe g«ﬁﬁ%&&h@ ggesabove.
Fl uorescent polarization may then be utilized to screen

apt anme(Pr3Staad S aep A i Rejetencep Qswaltl B.tes abi A@Blﬂgca}iéiwchegnﬂﬁaft?&(}ewm7ﬁ (2009).
fluorescent dye. [00215] Protein / Antibody based Assay [00216]
Pr dtei 1002322} boxhmpled aie-asseciationaes rE¢drSAnge mntibawly lighk entl heawmy abaodivected g say)

may be1b éS utl{‘leze acca(%]rdtng(l to.the teachings of the present invention to
det ect "PaEREFENE™\EPH" dhidrassa¥hni ch ELI SA) proteln rich interactions and

drug s 00 t exenpl ar e dj rrent t he ant s or
prot ei ié‘ﬁggh rkge(f F&b‘@l“gﬁ‘l% B}’i a%h'?&é’ @‘f Oa&”@% f’r arYé’scéélﬁéw'ﬁ nance
ener gy lehedehVIOBRES Jateleatviittuctihiiie %ﬁ@ﬁ%f@hﬁ@res&&k?mwﬂﬂﬁe%”b' nations,
beta gal conpl enentation assa¥7 protein fragnments, and dissolve :
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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20 1X PBS, spotted and |lyophilized in the assay stations. Sanple fluid
preparation rel eases proteins or other antigens into PBS or TBS buffer
wi th or wwohowss2adet ergent (e.g. Tw20 or Triton-X 100) offCraGInORS1
concentration (e.g. 0.05% Tw20 and 1 %riton X-100), and these flowinto
the assay stations via channels as described above. Upon re-hydration the
anti bodies or protein pairs may participate in FRET, BRET, fluorescence

| enent ati on to _generate 25 fl uarescence,

hi t |
ggfgﬁf i H@?%) et gﬁﬁﬁ%@%@ﬁm% Mefastwpibed ieeityllawysy fastead of trpslipg wWithanpl e

1. Anti z : - i el ed
it o SRR A88 R AANBRECAR SnpHROBR R TR Ak (PR B R e
ant i genTpE¥Rt+EREP (qahaiceibiue fivvotseertqlrdisin) and BORYHIRBGRED (cabhmeRfiéen et c. ) was

| abel ed with QSY-7 (QSY-7 carb lic -acid, suc_cij ni m dyl esters)..

FI uor esUUHESCCHeRRTOIIMHGS ﬁ%%ﬁ?@ﬁy%ﬂn%%ﬂsﬁ Beselybiirolfbe BEpeERd HrOteis10 514

o _ . b oeE | g : v
uor esERBT @ccdii %QH%&F%@%PE?% Bedys tHEE.”RQf%F@?l'cQ:&?ﬁPR. eV QP! Mdtéﬁ%ﬂlgn the

assay stations. S preparation releases protelins or ot

ant 1ogenz000nviay;PBS):369-TBS buffer with or wi thout detergent (e.g. Tw 20 or
Triton-X 100) of various concentration (e.g. 0.05% Tw 20 and

199 i t ojpd226J0The apprdatiit awl hethodd dfehaprasnt Svahii@isy aled de atidrsdab Tondipan
re-hydration.in éige assay. station, the |abeled anti body-antigen conpl ex
parti ciPateeuis sudisiptseyy | RretereRrotain intiAetons fes mportgybrers, @35‘29%” regulating

PCT/ S a - WARRripGORBE HHelds i ahel-ed. ant igen
rel eag;g%'I lgﬁgg&é%#g'%i’gﬁéﬁgﬁgﬁti bogg Wnogﬂg df1 @a&gﬁé&%ﬁﬁﬁghgg?@%éggpat
about SRBLEBCramscrifftios 2a@drs Hiswepkatiod: of Dpidsrmalsgoetthi fatton(EGBodyeptdEPop002201

Two, monocl enal ..anti bodi es di.rect ed. agai nst non- conpetitive epitopes of

thelSCDglgaﬁﬁggﬁgl%tgig?n%feeceﬂ‘tﬂﬂ it l.ngCﬁ’é eﬁ?mlf%ﬁ‘e nonocl onal s was | abel ed with

t he dy ogrythri PE 10 and the other_all ophycocyanin (APC). |

[oozz;i‘“@% g i droarerpriers BT o BiYS \GECCaTeR 8 FURPR BFOREDIT he

effici %ﬁ%c‘é@?e&rﬂ%résgj%t pﬁﬁéiﬁr(EGPP}:,REﬁ?_%%ﬁaﬂplg-ma)ﬁéiﬂﬁ¥ be IyeBhiBIEd [Vasé@P2 Jun
- y

1
1,48(2):97-10 The efficiency of : e i'nproved "by using nedr
| nf r a- rséadorspE prabpddgshintoshyshegelsaa theessagstaticnsn dheljasget of Syé3 Sxprastedgs66jon

Ref er e : I: i 1.Str -277 (2000).
15 {0033y efhulieedEhing RloresdiiPntlcrs Mmbs BB tn e o 8 SIS oy
chaion dhwoegh de dhyniels by dedgiltieg abotd. gantefio pricis anehattivh aztsayd FREVQ223}y, for
Reconbi nant. anti_ bo anti-HEL.(Hen egg.lysozyne) fragnent heavy chain (VH)
and | ieﬁﬂ‘f‘p]@ﬁioﬁhe(r%éec‘i}@r@e‘ga%Ia%g“%%?}?‘g‘ﬁé’éi ni m de esters of fluorescein
and rhaqdar ni ne- X

[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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respectively. The weak affinity of VH and VL towards each other prevent
associ ation and FRET, 20 but at |low tenperature e.g. about 4C and in the
presence wb oansizgen, the VH and VL interactions stabilizedTsed2be@sce FRET
occurred. Wen excited at 490 nm significant decrease in the fluorescence
at 520 nrn and its increase at 605 urn were observed when an increasing
anount of HEL (antigen) was added to the. mxture in the concentration
range of 1-100 micrograns/m . Reference: Ueda Het. al., Biotechniques
19995 Oc{00231h ) For Iggereeninjen oz 42n he pegingereshiviespress the Heuglseagbtorher thged ey be

utilized foll.ows. .1 nstead. of.|abel.ing with.fluorescent e C S

{1 wor eoutf-sufiiriCienion RS tiria Ao o Rahedina poRRE i AR TF defen
luci f er @n6lesend piékeifrid . KGN WEP)Y el ssaationup cRss BhkiAg BF ficepidds dr proteins
constructed. In the presence of R uc's substrate coel enterazine,

cheni | uiiiddbemeelviston teel spmits friggeges by wrdehy lipanddysding.cmnall elece OBRET
(Bi ol um nescence flLiuokes . er ) | r at, | ow
0 t erporiiars: g iEhEReG b RORNR BARL S i PRET A B ARIBSF by

a ][ld 1L b@hplgﬁ&hiaﬁag coMﬂ@g@iram bkam]gle. @eﬂ%saﬂ?ﬂiﬁrmﬁmrdfhd?ﬁﬁﬂnédz?@ BESC ﬁ nce

of EYFP is detected at 525nm, Reference: Arai R, et, al., Anal Biochem
2001 Febetgrodguenzed py npyti-subymit npgiemgaymierly sethetedispuisosnalbmolsgvlsspiaraer,
anot her i &%?e i : hod is as follows. Instead of |abeling
W th ffﬂgggde‘ﬁs%e g@%@%%g%gjsmﬁs{%?féscei n and rhodam ne, thioredoxin (Trx)
f usi on ' r.oLQi - - I : ot ei n)
and o xRS HR B tecslboiadf Yo SANEG IR b LREERERIRBES' =11

i ncreas Hdn‘]fdi' Eaﬁgﬂlpbﬂléihi doys abt ﬂeb@]’sceb@pﬁ asfed pptais boscan HE:%EInmmxeunlaeplroitam bhe
presence of the antigen HEL, Reference. Arai R, et. al., Protein Eng, 10
20085 MajPearRies Sudets- ghecocpiigosigFoepie: dghhprardimetitidnriae HssncsPL slﬁeom@g%t
inventi gp IB¥%oR!I SO be utilized to conduct proteom c studies/assays.
Protein protein interactions are inportant mechani sns for regul ating
cellula . ui; atiq0 i Phl (%1 -4 of
basi ¢ hE AE s ool ity Bpaer, LENRGY bElorkibd o UEoMIRIAT AR,

Epi der npdptige syithesizetpiagé ER)y, ewc epd ae fugiopotkd ihtoghedsshy stdfiomartdahgener at e
cel | ul sj.gnal i for ex e. . .[00227] ild zi t he aratus, .c jdate
o ot of nroRpieRt o dis cole el TG pR S e mvtbindh e Wietoh BRRF L HRyr B IELS

f1 ugy esggRtar®ieh@itfoduEsdRlo the faf¥ay S1EORIsE26 MR h&ideRe hs BRcHYAPAYoVE, 28 dell N

assay staions or _enbedded into hydrogels in the assay stations. The target
or  bai ¢ultussmedias depuhatiqn @f 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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protein with enhanced blue fluorescent protein (EBFP) is introduced into
the assay stations 20 through the channels as descri bed above. Protein
protei n iwpDaBaseon activates FRET activity, for exanpl ePom/Seobersi
detection nmethods, as known in the art. [00228] Cell-Based Assay: [002291.
The present invention may also be utilized in drug screening and

t oxi col ogi cal assay applications. Nunmerous nethods for drug screening
based on FRET, and other detection 25 nethods may be utilized as known to

t hos®e obetaigdi somplensitation agsaykén otherpdeapbficstion asseasp Peothebsxsiandiy absaassay's

may be copdycted ccot di to the teachings. of. the resent  Rvention.
Synt hot PETCASEY e BEVE eb Fratingliies REVGErEE peRurentsy Whseipdpa!] RUSFiesRe ¢,
apt aner qiThg &k YncoBbdtated o POR pro@ai ol Blampld) @nd 85 Avestk Ah BB Joss TREIRTSAY
stations have conducted thereto particular cell type of interest, which

may havielsstictrasdby densdarizeton of kghtppelidrie fwreasdycietiongériaving ths PERanighirg (i f
so provi ded or _fromi4tiss |ture [ media. A fluorescent vital dye
may aIs%gﬂ%%%?%Lﬁﬁgﬂgkg?Fggggg éﬁ#&gyg%ggg%'vation Wi th mcroscopy will
reveal |f 1.5 exposed. to the provided .pre-l oaded conponents underqgo cel
ookt lohadl ahedBRGRSS pas ot Breel SR el G Bi ot g oS- gper
conponeghisoditiahts M8 bD 8SRrat QY 11888 of GrdiRe) RAPAYKS hAth O1es: of thd foY¥3oy 035229
PCT/ S&2/ 00251 5 [0023I] For drug screening, cells can be engineered to
expr essdes¢réptihnudt saptatended tat thesmuentionde limier exceny b iidicateddepgho pppended

het er odi,xer.i zi .of -honodi izihg protein partner, fused with different

fl uor es‘éaélms %g%éﬁﬁllfg?%?e@%k%YFP). Associ ation or cross |inking of
receptors or proteins wth thenselves or to their subunits triggered by
synthetic |ligand binding, small nolecule or antibody, brings the
fluorescent protein pair together such that FRET can take place or beta-gal
1o conpl enentation could occur, for exanple. Conversely, disruption of
honodi nmeri zed or heterodinerized or nulti-subunit protein conplex by
synthetic ligands, small nolecule, aptaner, etc, could trigger a decrease
in FRET signal. [00232] The small nolecules may diffuse into cells
dependi ng on the chem cal structure. Hence, target protein does not need
to be a surface proteins, but can be an intracellular protein or 15
receptor, such as glucocorticoid receptor, that honodinerize in the
presence of glucocorticoid, for exanple. [00233] The small nvol ecul es,

| i gand, aptaner, etc. may be derived froma conbi-chemlibrary, peptide

synt hesi zer, phage library, etc. and are first spotted into the assay
station and then



| yophilized. Cells engineered with a drug target protein fused to green
fluorescent protein (GFP) 20 pairs are then introduced into the assay

st at i on( swO028/0%3229 channel s, as descri bed above, in cell @artSGozooesdi a.

I ncubation of the cells with the potential drug at about 37C, for exanple,
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
prot éi n WesEgsn: Such screening applications may utitize the introduction of
at | east one of a population of wild-type cells and a popul ation of cells
expressi ng a r érori appaiatuscheactt@zed ithat Gretdpphi@ius cBhprisal d - at | east one
assay station, in accordance with the teachings of the present invention.

[00235] Besi des FRElbsaafausingh khstinelab§dtatipR 1 uorescent probes for PCR
PCR- Tagnan 10 assays nmke use of fluoreScent quenching whereby a probe is

| abel ed wi th bot hygue %@[gq,t : ridized to
anplified DNA fragnment ﬁl| rs1 i gle‘:‘g%[re}glr e%&?ﬁu&ﬂ@ﬂﬁ?gg Cg{gl%{}égg%]%uaﬁe@ﬁts%wfgf?% ty
of Taq poilimemosechennd vdiergn sodaslcas ane hssayrsthiien RihdrEtuatddian pdsigiest i on  of

t he el obe j on of or ,from uuc?ncher. | eads. t 0o _a detectabl e increase

i nC PuorBenishae b Hﬁaifi%g%\af‘ﬂéec&aﬂ RrEposeshaelrend ik ik compmugrication
pot ent i ahdrywhiB, WESEinisEidTRS rHﬁl%ﬁ@Bsé/‘éHaH%él Bds %fé@eagﬁér%é%?a%téﬁ%é §6§iﬁ%’c%i§1 >

bet a-gal conpl enentati on assays in isothermal anplification assays. Anot her
exenpl arcgndissiay of puemplg divisythetethuoughay be utilized incl udes fl uorescence

pol ari zation, wherein small fluorescent dNTPs are incorporated into PCR
product, for exanglleast errecianpleafluidsnibt intcumiphmidagon withdaidet leassfyst t hei r

effect qn.the depolarization of light applied to the assay station 26

havi ng uéttl}ﬁ&os 'CE‘FHF’Z adn4 potential product therein and subsequent !y

det ggt ed. 10 102‘23%?1 The .invention has now been explained with reference to
specific enbodi st eelatinypedireRiet mgommycaiion yidhiaid of least Gest and

or di nar Yecokd kdulfi He & j ! i . ripti.en, Lt 1s not

i nt ended t hat _t,hllshsrbi nve%ﬁ%ﬁr’l S%ggﬁe?ngttogg&ggggg%ﬂﬁ N ?g%ﬁggﬁ%@% ﬁééaasi[o% Shded
cl ai ns &hrdaqteristic nogtdonduciysetosgnducsion of said winsfIBBE229 5 W Claim 1) An
apparatus characterized in that the apparatus conprises:

2) The apparatus according to claim 1, characterized in that said fluid communication
20  isviaat least first and second éssay 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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a substrate having at | east one assay station; PCT/SQ&2/00251 an
arrangenent of at |east one first nultipurpose channels and at | east one
second nwbtospsspose channel wherein said at | east one as®ay/S&wané2sn bei ng
situated in a position 1 o internedi ate between said first and second

mul ti purpose channels and in fluid communication therewith, wherein said
first multipurpose channel has at |east one characteristic conducive to
conduction of a sanple fluid therethrough; at |east one sanple fluid inlet
in cdmuni cati dh Wihe bppaaitds atcotdimsto dniyoat of claints Purd obaachitrvdeh thame 15 at

| east one, isol at.ion-nmediuminl.et in co nication wi-th said at |east first
and s eCIBWHIa:iﬁW{f?c&ﬂf 56@5@%%@%9%%@%5&0@,@% eb#deastiPre 9llg pose

channel "l @uid! ail §&b4n RABtoERRARGE €ri stic non-conduci ve to conduction of
said sanple fluid. 2) The apparatus according to claim1, characterized in

that said fluid communication 20 is via at least first and second assay
station channels in communication with said first and second nulti purpose

channel s. 3) 'Zhe aratus according to clai.nl, or. claim?2, ¢characterized
in that saiél f?-Br s?ﬁg aﬁwcﬁ%rgi@gcﬂéﬁ-‘ﬁ@e 8%1 s Idp s eharacteivgd an 3@‘(#@
conduct ijalrmal suidicd of 8410 s€ohd HiultifiRpRE icBRmePbermd HeSBWthRREH OF af H@&s@ s

surface characteristic_and/or shape characteristic and said at | east ohe
second HAATEPptEEEemeditmnel characteristic that is non-conducive to
conduction of said sanple fluid conprises at |ease one of an internal
surface portion and/or shape characteristics. 4) The apparatus according to
any one of clainms | to 3, characterized in that the 30 apparatus further

conpri ses a séAl i Fop drppstussealriling tatny emsef daims A6 8y clitatdrad in B4t MPast a
03/ 035229 PCT/.SQ02/ 002?%. 555%“’ The, apparatus according to any one of clains
1 to 4, PEREPLLSENBRY Satop st phitip el a seropd gruldpgOsEichganel arc

nul 5 pufgeke is kavuBbirAeldet s fl owt hrough of at |east one of a sanple
fluid, air and an isolation-nedium 6) The apparatus according to any one

of claimse 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

8) The apparatus according to claim 4 or any one of claims 5 to 7 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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air or an isolation-nmedium 7) The apparatus according to any one of clains
1 to 6, characterized in that at |least a portion of said assay station,
first nulwopanpg2ge channel and second .mul ti pur pose channelPCars&0d/so26or med i n
the substrate | ayer. 8) The apparatus according to claim4 or any one of
clainms 5 to 7 when appended to claim4, characterized in that at |least a
portion of at |east one of said assay station, first nmultipurpose channel
and second mul ti purpose channel is forned in the substrate |ayer and at 20
| eastd a portion of at |east one of said assay station, first multipurpose
channel and second nmultipurpose is formed in the sealing |ayer. 9) The

appar at us accot ti fie bpparhtas ancBrding @hlaionE) Hardokediz8® inXhhiaill MhRNLAPPR8Led to
claim2, characterized in tf(]at said internal surface of sai'd nultipurpose

channel HFHP™S 2 ATFAREEd iy Pro¥ide af lgast ene ptsimwlancoys ot seanentiabfiisg of sad dilerabityy
ad] acent oflBsdyeatiofls Rl AfpRI MR SoBAGAAhAERI e b AL O channel and sald

second nul ti purpose channe non-conducive t0 conduction of said sanple

fluid. 10) The apparatus according to claim2 or any one of clains 3 to 7
when appended to 30 claim2, characterized in that said at |east first and

d mul ti hannel i icatjon with a plurality. of
statitons via th fF Pt Ledoe Bl Dohrrsiogrbinansad Rlushycabossayy  of
sai d pl ukaoht ¥reQkradsedty Fbalid ANGast ﬁ'%%ﬁ%ﬁ%_é@&%@ﬁ?ﬂ( @‘ﬁ%g%@@%& 15__lirs"tja¥1dThe

p ity o

apparatus according to claim 10 characterized in that sai ura

assay Seedgmdtinmposs chenprlewith spid dsalationanedivmgo seahsrid plusalitylof assep wations.
sequential filling of said plurality of assay stations with said sanple
fluid solution conducted thereto. 10 12) The apparatus according to claim
10 characterized in that said plurality of assay stations are arranged to
provi de at | eds) Dmeapphrasismetdrdingdoanponesefplgnisilab 6f thdradbdiZfl iSMafsdid hst .
and1 second mul taiqpl%r{)osl_le ﬁhanngl S Wth said isolation mediumto seal said
pl urdl i £57orReAsEy statton hag qisposed yherein at legstone peackier aysay BRPYNcahy one of
claims | to 6, characterized in that said at 15 | east one assay station
has di sposed therein at |east one reaction assay conponent. 14) The

apparatus according to any one of clains | to 13, characterized in that
sai d 14) The appargtus according to any one 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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sample fluid-inlet is in conmmunication with a sanple fluid preparation

el emrent. 20 15) The apparatus according to claim 14, characterized in that
t here i s Wormloas229 ncl uded at | east one of a sanpl e preparafmisaoz/edianber and
a -lid. 16) The apparatus according to any one of clains | to 15,
characterized in that there is further included at |east one el ement for
controlling fluid flowin at |east one of said channels. 25 17) The
apparatus according to any one of clains 1 to 16, characterized in that
theresis further included a chanber for introduction of flow pronoting
fluid. 18) The apparatus according to claim 17, characterized in that at

| east one of sa9)d TR appeaamae heddFdiRghto dily@he oS clalin O] ckAhdt Qi eWiih thal satl sk NY
chanber for mxing sald flowpronoting fluid with said sanple fluid. -56

WO 03/ 035385 90838yt Fiaitio cQOPESES Fblpastee egmpponentef acssaydeaston prealopdeshdentin,
clainms 1 to 18, characterized in that said at |east one assay station

conpri ses at | east one conponent of an assay reaction pre-|loaded therein.
20) The apparatus according to claim 19, characterized in that said | east

one 10 conponel) the sppadatas sayprdigpiotdldm 1B clhahderdled ietst ssahRagtopay Station
provi des at Ieas% one of detect abcte qualitative or quantitative data. 21)
The WppdPHPegenel spidiasiaygeacting phsaibatilsastiong aspaystationdirevides at lgestae afncl uded

beads hpdcRblesfiatitdtve bf88int@AR@@FPONENt of said assay reaction. 15 22)
The apparatus according to claim19, characterized in that said at |east

one conponent of said assay reaction is secured to, said at |east one
assay station. 23) The apparatus according to claim 15 or any one of clains

16 to 22 when Gl aj 6, .characterjzed i.n.that said sanpl e
preparation c h%ﬁ‘opgfr;éj%%)ra{ ‘ﬁgsr &gccl)arlr%ﬁdsng%ar%cﬁemggé’bh‘ﬁéﬁ‘ﬁe 15 fyrther, g‘cgjﬁlﬁggﬁﬁﬁs
accor di rhgving saidyt ivast eife hipofidnt bf b4d 3sbay edasti@tt eri zed in that there is
provi ded an absorbent in comunication with a termnal portion of at |east -
one 18f said at least 25 first and second nul ti purpose channel s.

22) The apparatus according to claim 19, characterized in that said at least one

component of said assay reaction is secured to said at least one assay station.

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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25) The apparatus according to claim24, characterized in that said
absorbent is renoveably attached to the termnal portion of said at |east
first andweesmsst2aul ti purpose channels. 30 -57 WO 03/ 035229/S00T0@802/ 00251
5 26) The apparatus according to claim16 or any one of clains 17 to 25
when appended to claim 16, characterized in that said at |east one flow
controlling elenent is disposed between said sanple preparation chanber
and said at |east first nultipurpose channel. 27) The apparatus accordi ng
to clsai m 16 or2@nYheaspapftucicaomiinglid clamAB omagy oaperiaed 1716 25 eheh appenkied
characteri in that said at |east one flow controlling elenent is

d
di sposed®& 'efaéén%har acigripedan '?héta?fd Preashanediows eentiodling dementhedispsad hetvesen
accor di Qgidts‘amg}‘)’ps epd a®dn alaﬂ'%bgif%rﬁll safcPateast ﬁxlggﬁlgﬁpﬁfﬂ&@glahﬂelt hat said at

| east one ass fon Is er conprise ow pronoting structures.

15 29) The apparatus according to claim2 or any one of clains 3 to 28 when

appended to claim?2, characterized in that said at |east a portion of said
assay statiqgn chapnel = has a cro?s-secti onal area that

at | east one fj
is less than t%&@%@?_ LRACEHEIIEAP §51B1 6 9 apeaRg ofplams 1Y §h2ohempepeaded
| eash sesemfn 36 Sratcdlze®th ARG leadComGlow B tARRRY At AR Baih&ng! @l M

10 or any one of clains 11 to 29 when appendedt to clarm 10, 'characteri zed
i n that saidiaflepstrone agssd stasioond rul ti pur pose channel s provide a path by
which said plurality of assay stations are sealed via the.flow through of
an isolation nmedium 25 31) The apparatus according to claiml| or any one
of clains 2 to 30-when appended to claim1, characterized in that exposed

portions of t28) sHiethpphratastordiing$é amnchessFeliitls. M DT phbREGEzeCARNASHT] Al €
seal ed p%th a solid fraom anbi ent atnDSﬁhere adhesi vel y, mechanically,

el ect ri (854 pe asgy sTALORAR farther spmaprised of Hew prometingndrue®Eesnd nul ti pur pose
channels are filled with a sanple fluid and/or an isolation nedium 30 32)
An apparatus for analyzing a sanple fluid, characterized in that there is

provi ded: . .
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:

-58-



-58 WD 03/035229 5 a substrate, said substrate conprising: PCI/S&2/ 00251 a
sanpl e preparation chanber for renoval of undesired conponents froma

sanpl e flwodg/nas2sanple fluid inlet fluidically coupled toPsaisGozarsi e
preparation chanber; a chanber or inlet for receiving a flow pronoting
fluid;, 10 a flow controlling elenent 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 nulti purpose channel
flui di cal |y coupl edubsirates sdidisublsaateeomprising] east one assay station; said
first multi purpose channel in communication to said at | east one assay
station; 15 a seaeadplelppdpatfioh cRAthbéTorleRIT AL offiRted | rdZhdphé N9
flowof a fluid from psai chanber to said at | ggs%ﬁ%ﬁg&;a]gg%yﬁg?%@%on; éénd
a first %Péééay station channel, coupled to said at | east one assay station.
33) The apparatus according to claim 32, characterized in that said sanple
preparation 20 chaele flushiplet fesliallyicntgedtb Qidmmpid meparativricthagerl:s at

| east a portion of said sanple preparation chanber. 34) The apparatus
accordi ng to cl ai acknter oBRilet dhrakedviap aZkAv-pronidiap flpart i ons of said at

| east first nultipurpose channel is sealed with a solid from anbi ent

at mospher e adhesi ¥ flby,codRollieg bRRicGefor YontedIBEE NbWAE b YamOIE FBROREHI o8 d ter
the first nmulti %r pose channel is filled V\Iiﬁ?%‘l sarrplaem}?l uid and/ or gﬁlﬂé

i sol at i GRERREACR FhambsT tesaid shyabertay énlaldon reseivingaflev-prom@ g fiidr act eri zed in
that an absorbent adheres to said sintered glass block for absorbing said
undesi red undesi r@deasbegsofirshnglti Boposs ShadeDB1idRE1RY BouplEt 156G haRbdr; 5 36)
The apparatus according to any one of clainms 32 to 35, characterized in
that a sealing |ayenst geadssayatatiopast one of said filtration chanber,
chanmber, first multipurpose channel,
said first multi 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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assay station, and first assay channel. 37) The apparatus accordi ng to any
one of clainms 32 to 36, characterized in that there 10 is further included
a di aphr agmostos2ko seal s, at |east a portion of said filtr@&Crecorheiber from
the environnment; and a vibrating actuator for vibrating said di aphragm
thereby agitating a lysing buffer. 38) The apparatus according to any one
of clainse 32 to 37, characterized in that said 15 substrate conprises at

| east one of (a) glass, (b) plastic, (c) elastonmer, (d) a conposite, (e)
silicdn and () nideappasdy alivediap paugt ars dekimsiB2w 35 chiratterizd, in that a
charactegjzed.in that said el asa conpri ses ol y-dj met hyl si | oxane. 20
40) A rre%ér?glgg }*{3 7 %%%o"di‘?af‘h%e ga@gﬁﬁiﬁ@whan@% Jltes, Tepapultipamoseehanpek hat
sai d sumgyga@org@ﬁ@mﬁgga?%e{lﬁeg one assay station, an arrangenent of at
| east first and second nultipurpose channels wherein said at |east one

assay station being situated in a position internedi ate between said first
and second nul ti purpose channels and in fluid comrunication 25 therewth,

and wherein sai i ' ose channel. has inhtern surface
characteristi cgg) %%%g%%tl‘e& %‘%%ccgn ﬁ’cef“iyooﬁeé’f cgn’%sa%o 63@%“?5?‘%‘??33%#@ Hestigh,
at | Bastis Gimthes amphdedfa dibshrigee eihihngals af Rast o BMRhRat Aot Hah s Ak SnAhe

| east first nultipurpose channel, at |east one isolation- nediuminlet In
conmuni cHEIERmERt: Emgai d at least first and second nultipurpose channels,
said |east one gsecond nultipurpose channel having at |east an internal
surface porti ohVivingRsHigtr fer viorating said disphiagm, Sferebaiagitstam bsmglbuffenn,
said nethod conprising: obtaining a sanple fluid; introducing a sanple
fluid to at | east one sanple inlet; -60 WO 03/035229 PCT/ S@&2/ 00251 5
filling said at | east one assay station via said at | east one mnultipurpose
channel; al | G3)nghé spasttisoavconmitig tnahy ofe 60¢16inat32 1839} claRftdrzol &l ihghs@di um

port..to flow into.at |east said fjrst multipurpose channel; and running at
| east of gﬂﬁ%&f’c‘qusﬁf afslﬁ?% out g"il é)ag]llasso [ plastigy(cxelaviomer. (D eprnegide.i(e)silicon

provi di ngd afy Megdst one of qualitative or quantitative data relating to said
sanple fluid. '

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 receiving
area in communication with said at least first multipurpose channel, at Ieast‘one isolétion-
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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10 41) The nethod according to claim40, characterized in that there is
further included running said at |east one reaction under tenperature
control . wWP)3Mbe29et hod according to claim40 or 41, char 2cT&SG0zeesi n t hat
there is further 15 included the step of obtaining said sanple fluid from
a test sanple. 43) The nethod according to claim42, characterized in that
there 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 fiiag stiiat eastoné usstp etatibmeiausaiddit lepsirone mmiltigurpesecchatndleast
one preparative operation separately fromsaid substrate. 45) The net hod

according to cl ai Mddng EORGGEhRIdIEES dobsaidh@lledsh@tedsdlstidrmbdian porclouftted
perform ng said at | east one preparative operation at at |east one of upon
or Wi t hiimo stledstssaiskfinstmualiippposeghamhed; #sk hod according to any one of clains
40 to 45, characterized in that said at |east one of qualitative or
quantitative dat arupnimgiatilesstane reaton arseidoft leastmleasiapstation, said wadiinst ri c or

I 'umi . t. WD 03/035229 PCT/ SQ02/ 00251 .5 47).Th hod di
Lo any GROAGINE S PSHon 8! TR SR APAL LT e A0 TR SR N iReact one |

preparative operation provides nucleic acids susceptible for use in said at
| eadf one reaction. 48) The nethod according to any one of clains 40 to
47, characterized in that there is 10 further .included the step.of

di sposi ng at |4asThomethad sesprdingta slaim 46 rhaeistizadin ghat thege igfurthadpclpgded
assay stati.on, . ) | one of clainms 40 to 48,
char act é?’?nﬁ%sallé: %%g{?%g%?&é&&%g%%@%ﬂlﬁ&%ﬁ}u ggcg]g%?ld at | east one reaction
conprises nucleic acid anplification. 15 50) The nethod according to any
one of clainms 40 to 49, characterized in that there is further included

obt ai ning sai d _at, | eas ne of. qual.itative, or. quantitati,ve. data utilizing
f 1 uor escence. Ehgm 8¢ e B_gﬁ’c%‘ﬁa%%“%lgCéiﬂa‘%?ﬁzo"é,‘“é}ﬁg&%&‘é BE in

t hat 5 sai;gfdddQhESES BE SbthifingRbTMagRE fYiddont a8t saaiple. Of binding of a
fluor opF‘mre or hybridization of fluorophore containing

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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probe. 52) The method according to any one of clainms 40 to 46,
characterized in that said 25 qualitative or quantitative data is obtained
vi a probewbabmbed with at | east one of a fluorophore, an PERRGIRO@S1
conponent of a binding conplex. 53) The method according to any one of
claims 40 to 52, characterized in that there is further included the step
of displacing said sanple fluid via isolation-nedium 30 -62 WO 03/035229
PCT/ S02/ 00251 5 54& The net hod according to claim52, characterized in
that fhere is f4bt Kbe methotl acknding tn amychrei afglases t® ot 4G kharadaiighd in that said at

i sol ationz iluminto said at |east first apd second nulti purpose

channel s.rleagggﬁel{%p HEY Yo eEAoB PEIV SE’SC%}%C siygsceptible fartuse i eaid atrleashane sai d
i sol ati ofegw@dhumis 10 first introduced into said at |east first

mul ti pur pose channel followed by introduction into said at |east second

mul ti pur pose channel. 56) The nethod according to clains 54 or 55,
characterized in that said introduction of isolation nmediumprovides the

purging of air f j | east. second ti ose channel and 15 the
purgi ng of sai d482 g@pﬁ%gétg ?%‘%cifofﬁn OsWd’“SP%H%@%H‘Bi%%S?hWt?TFZﬁGF%H@éthere 1s

channel , furéenidclunigditve $téeof digokdkia0Rkagfons akdy daclisRsd f%% i |
cont ai ni n%Psai d sanple fluid. 57) The net hodyaca((::(;rdi r{n tonﬁﬁlﬁéﬂ%ﬁ?gﬁg

one of cPSPHEEEAt 0 56 when appended to claimb50, characterized in that
there is further included the step of exposing said at | east one 20 assay
station to irradiation. 58) The nethod according to any one of clains 40 to
57, characterized in that there is further included the step of at |east

one of soli di f $Phdheaugthadpcceandihgiolapyene af clginsaiodo S odhatictRized RO 2Ge59)
The neth I.cH to any one of clainms 40 to 58, characterized in tha
exposed %ﬁﬁlﬁgﬁ%d%? Ieta%eongé?aﬁ{}%’\‘? CoraprLses ppsleic agidpmplifigat#on ul ti pur pose
chanpels are sealed with a solid from anbi ent atnosphere adhesively,

mechani cal ly, or magnetically after the first and second nultipurpose

channel s are f'%g)l q,ﬂ with sanple fluid and/or isolation nedium
) 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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30 60) The nmethod according to any one of clainms 40 to 59, characterized in
that there is further included heating said fluid sanple prior to filling

sai d at |weaB/0ss2e assay station. -63 WO 03/035229 PCT/ SQO2CABGEH10®561) The

met hod according to claim43 or any one of clainms 44 to 60 when appended to
claimd44, characterized in that the step of obtaining said sanple fluid

i ncludes at | east one preparative operation in a sanple preparation

chanber, conpri Zi &%Pat | east one of exposing said test sanple to a |ysing
buffer, el uti or“hubesrethpddceorgingip slpim iR eharacianized tethat therghs Airthes mckidsdinpl e

1 o flui . . i .0_claim characterized in that
there | sopotming MnBRlAN0 A3 C M ed tuih s S iocS Pr Y i inlolidie
fluid. 1ha6iddls.The met hod according to claim61l or 62, characterized in that
said at | east one preparative operation is conducted upon said substrate,

further conprising the step of agitating said substrate in order to
pronote the entry of nucleic acids, contained in a nucleic acid containing

test sanple, tegse ! ~SAl , | .0 . rding
to claim63, cﬁ%)r g%tgénre?}gg%cﬁﬁat ﬁZ?G@a{? (glj)”sétﬂg]foé1 CE)C% 9%%?%%%2%5@%?‘2& @g‘glgfnrlgt e

i s perf dimeidirbguediintatsaidgt kastdirstuindtipatpeseathatned folks@daytinfrodgtion éito edidat

| east one f said tsubst raﬁe d the sanple fluid contained in said sanple
pr epar at FEh S ERAN TR IPERYse ¢ @“’%ﬂt hod according to claim 63, characterized in
that said agitating step is 25- performed by agitating el ectro-nmagnetically
magneti c beads in said sanple preparation chanber. 66) The nethod according
to any one of claims 63 to 65, characterized in that there is further

i ncl uded heat i ) $h¢ mekoderrdinate dpimsoth efi e charartesized irf that saad indrodudtamiest

to gener : - i - C ion flaqw .and causi ng.nore
ol o st Al TR0 REANL Bikpine V4G o QMR len Lecon Htplep 1&6a
PCT/1SQ0 2OPR gD 6 saiplerfrtihfrdmaatbatdéaspfitsomaltiiurposéchahal astRihgithel N

that there is f rldh% included a . step of addjing surfactant to said elution
buf f e CETRGPRIGRIG T lsgiipne S5AY S1afPR patang:vott il oid.

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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68) The nmethod according to claim42 or any one of clains 43 to 67 when
appended to claim42, characterized in that said test sanple is at |east
one of howogesszedl, di gested and 10 filtered before injectcarsGopv@ssai d
sanple introduction inlet. 69) An apparatus for sanple fluid analysis
characterized in that the apparatus conprises: a substrate, said substrate
conprising 15 a sanple preparation 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 prepar &tl) dFhechethixbaccamigngtvatdizr 4300r dnpiloae of dainsetdetioiOrvghen appended to

flowprompting fluid, a fir nmul t . pur pose channel . f.l,ui di cal oupled to
o d S A ptiarizehin bihe S of SdhBRRG RN ap i dSalicafite,

f1 ow pr ngIu'aBQe bpdththn R sﬁﬁ%%r@ﬁ@&ti&fﬁhaﬁibeﬂ"céﬁ*?ﬂﬁﬂ%ﬂﬁleé& ofid of ©®@king ishist
and second nul tipurpose channels wherein said at 25 | east one assay

st at i ontaseiamplsia alysing bfferaclytion bifier dndiaewasbitigdmiéien il order fq elitein said sample
connuni&glion between said first and second nul ti purpose channels; at | east
one'® | olt*¥ntrol element for controlling fluid flow fromat |east one of
said sanple preparation chanber and chanber or inlet for receiving a
flowpronoting fluid to said assay station; 30 at | east one assay station

channel fluidically coupled to said _assay, station. -65 WO 03/(03522 A

PCT/ G021 0025555 TRt EGpAb GSTBC), ShREC PHreR il BS1e iSAUTRE (e 168g | n

t hat Sagﬁgyhﬂwﬁgﬁgﬂﬂ%ﬁﬁhiﬁ%h%ﬁ R fAlig! east first and second assay
chahnel's i

station n co ni cation th said first and second nulti purpose
channel s. 71) The apparatus according to claim69 or 70, characterized in
that said filtration 10 chanber conprises a sintered glass bl ock which

I I ' f ' I ' . Th
appsiatus acc@Poing bk ety o bR & D LERR TG BRFREiIRkEbng 1T

to preparative operation is conducted upon said substrate, further comprising the step of agitating

said substrate in order to promote the entry of nucleic acids, contained in a nucleic acid

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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said sintered glass block for filtering white blood cells through said
sintered glass block. 15 73) The apparatus according to claim 70 or clains
71 to 72 wbaen/oappended to claim 70, characterized in thatca/sseabizig | ayer
seals at | east 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

di aphragm whi ch seals at |east a portion of sajid a ﬁantgl e.g e aratiu%%
charfber and a6V) Fhamatpdaseqigingrto claim popeharacirgizedinghaf tAgR A erclufad a

Sara oote AR R R ka0 Aot LR Wil 8ok saf R AR LA habbet

el astonmer, (d) a conposite, (e) silicon and (f) nmetal. 76) The apparatus
according to claim75, characterized in that said el astoner conprises

ol y-di net hyl si | oxane. 30 -66 .
PoLY Y. 68) The method according to claim 42 or any one of claims 43 to 67 when appended to

claim 42, characterized in that said test sample is at least one of homogenized, digested and

10 filtered before injection into said sample introduction inlet.

69) An apparatus for.sample fluid analysis characterized in that the apparatus
comprises:
a substrate, said substrafe comprising
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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70) The apparatus according to claim 69, characterized in that said fluid
communication is via at least first and second assay station channels in communication with said

first and second multipurpose channels.

71) The apparatus according to claim 69 or 70, characterized in that said filtration
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.

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.

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
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.
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