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[ 00011 FI ELD OF THE | NVENTI ON [ 00021 The present invention rel24 Maroh 2006
apparatus and assay systens which can be enployed, for exanple, for

detectin gnosi ng di seases and/or detecting anp ucleic acid
pr oduct sq‘én(@?"o or phar macogeneti c determ nati ons. %&1&%(%02@@ %s conpri ses

a substrate with 10 one or nore assay stations or vveI | s and channel s
arranged in a manner to facilitate the flow of fluids through the
apparatus and designed to provide for isolation-nmediumsealing of the assay

stations. [0003]A BREIPAD FORBETECTINGDISFABEpchem cal testing is

becomi ng an increasingly inportant tool for various assays 15 including,
for exanple for detecting and nonitoring the presence or absence of

di sed¥d] FIgLD OF TS YON ong been known for obtaining basic nedical
information such as blood type and transplant conpatibility, for exanple,
advari®dg] The prestetiovemion mjattshie ab pepetabusi aod pssay spsterisywhin calm’aw;mplps@as es have

vast | or ege;mgﬁn 3@ ddettcpc%n g.]ilrg)lg F%B%’%é gl?éﬁes%!ifépde%%@?g ‘f‘ﬁed%&@‘é acl-gh us, many-

t est e av vari ous ana purposes such as

det egtodugs W&d@@&mﬂﬁg@eﬁ@dmmngna:m Iﬂmapﬁa@ammnﬂnmasebsmmm ing and
noni toring changes.,in he nd m)nltolng dru era %fomc data in
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chemggak A QIIRINEHhEaRRSnd A& féné& @tp%hde%r leaﬁ&vzﬁeaimﬁfsedﬁﬁgvcnﬂmeg@a [ 00051
Ther e has Iong been a need for "conplete systens” allow ng various stages

of nelefimsc acid, e.g., DNA analysis to be perforned on a single device,
such as a nicrochi p. FuIIy 25 integrated, high throughput systens are
need W0HNB SEKGREIAND HWHHEIINMENZK®usl y perform DNA. anal yses such as DNA
separation and PCR and thereby permt disease diagnosis or detection.
Sand§084] &’bclmknica@ RO is Prevmdig arﬁnﬁmingl}i impbrt@hmﬁl §ir vgrjoug 9&56))5 364- 378.
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Chemestd ﬁaveﬁdﬂg%eeﬂl Rn@ﬁldfofr bﬂﬁmm% badié medica ﬁhﬁi’éﬂﬁﬂtﬁn sRb s plooditypednd0 devi ces for

conduct i n een ported; ,see, e, ed St at es tent No.
5, 49@“@@‘ COF*B?“ n*% Advagges in unde 6’85‘3)1% t@ﬂy@g 405- 412,

pr ovmgﬁfysmasés%m!r ﬁjfaaﬁ%dtﬁelﬁlh%mﬂqeﬁpmwcﬁ%lp@ﬁ&%ean@h@ﬂﬁw ucted for

the i ntegration of d sanple preparation and_ "nucleic acid anplification
r eactestohaye brerenarvelddiop varis preal\disalnuinnses, suchiag deledogpadhogens| er and 24

%‘r Céla&%}ﬁg and monitoring disease, detecting and monitoring changes in health, and monitoring
drug therapy. Genomic data in conjunction with the ability fo 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 stages 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 Chemisiry, 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. 5,498,392.

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-coolerand =



WO 03/ 035909 PCTI S@&2/ 00252 a series of mcrochannels for transporting
human whol e bl ood and reagents. The white blood cells are fi 24 Marcha2606
froma small volune of whole blood in integrated cell isolation-PCR

cont ai ni gk ke mcrostructures which retain whit ells, albeit
at a ver%ggv&mg%ncent ration and efficiency (i.e. 3- 5%?@9@%9‘8%%0d cells
pass through the mcro-filters but tend to clog up the filters over tine
causing inefficiencies in white blood cell isolation. The Yuen, et i o al.
m crochi p enpl oys a m crotenperature sensor, maeking the Yuen, et al. chip
expensi ¥Rritsof nigdochamatle for[HOAMOHinPmAR Ghelabloay astbibeeas. Thewhitsklosdir rent |y
enpl oyed_for Two types of .mcroarray .techngl ogies are

DNA | ysis. ' DNA
known, e #F%Fsﬁgg %:%1;6“1@} YR picthelt blagd mpgegrate %%HFR%?"ES&“P exani ne t he
TRNA exph&s; gogaae_lﬂceqnﬁ?dmmngal RBiVREd BbsAORIRECE 4P Row The 15

m croarray-based assays are cunmpersone, taking about a day to conplete and
r equi r icogcestrative-and effiveeney (liepireh). Rel Wombhets pase thuenghitlel mibrer Elterabitgnsle s .

Rapi d di agnoses e pregluded. and.. current i Groarr | CeS. o _ngt permt
sanp! o poBRLP IR R GeEin SRS R m ke wE A R B R Mo

di sadvaninsdgreship tmplogs & ufi¢reiinpatutefsolNkapahy $ush, sid chifexpaig®e tecent | y
been reported. Such di sadvantages include |ack of sanple injection ability,
poor Tic881 ati on 20 and inability to conduct nultiple PCR anal yses. Yuen,
et al. Page_4005, right colum. [0008]? Nucl eic acids play_a direct role in
cel | ul 49008} BEEsmcsoarray devigrsige alsosseentlysumnloved forPhis seslyses. Twp Anss oby

functi 'Algﬁ'ga&agq SABERS 8 R E gBNAL IS XREES DO R ﬂﬁybri'di zation
t echni gﬁgs rave b%en ggve?‘%peﬁo i(?%n %&aﬂf\%rl oulsgstypes f r?ucl eic acid
anal yséshialogies exemingribemBiNAngkplession igarsemnple based on hpbridizatibnreettionnsTien di ver se
types of. biol agical nDrocesses. ridi zation net ho 2 eneral |l v, enpl oy
Rl e R S e A T R A Y R EE e
cont r olalogélequipinknl tooamdadl equbitiabbad) dnalysdsy Rapididzaghosedart greoldet anhl y bet ween
conpl ementary sequences, Using.hybridizati.on techniques, it |S possible to
conducfm&@ﬁ@l%%wgsdsmw dopEp it Dl Brepasgtioo s FREgled it s ahin ypes of
anal ysi s. For exanpl.e,, gene expression studies are inportant because

di f f er €07l Additiopal isedvanireeyd tkeccurant aerbip RNAimalyss pisters dave asslY wi t h
di seasgehaiRRd. %%%@%ﬂﬁ@g@%@& Péc;ﬁ%f&%gfe HRESFCARA Db & HREGsdRMion
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differences in the expression of various genes either "through change in
copy nembasbilyly to prndyeieuliiple PNR apalysesr Yaeghetal. PageatG06iright eplimanel s of
transcription. In certain diseases, infection by a particular virus is
char ac{0908]z Blucleig acide phay adlired xgie dsssilolar prbcayeasaigclu@ing thoddenlii@(0 Eisease

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 processes. 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 expression 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 particular virus is characterized by elevated

expression of genes.



WO 031035909 PCTI SG2100252 [00091 Chips to which nucleic acid probes are
attached can be used to conduct nucleic acid analyses. Probe24htarch 2006
attached at specific sites on the chip, such as assay stations. Assay

stations Lfgated in areas internedi ate between fi nd .second
mul ti - pur‘ﬁ%gsé@(g: 0gnnel S, Wwherein assay reactions are r%‘%’flscg’%’g%%fai | ed

below. In sone applications, the chip may include assay stations arranged
in the formof an array. Genetic methods utilizing arrays on chips are 10

advant ageous because such chips allow for sinultaneous, parallel processing
t hat cafi0fLChaste whidhenmchiomcit prolids ate sttadikey sechearad doeondntiueciesthcils conpar ed

to conventi onal .net hods ich often, require |ahor intensive sanple

pr epar affoHE™ gff&%‘f%%ﬂﬁ%ﬁ‘f@t*ﬁ“ﬁ%ﬂﬁ? %ﬂqtﬁ‘c’)ﬁlé% ‘i‘se"ﬁfayﬁfi@f”_@'r ésé?@i d nethods
usi ng C ks biiteatd M a&é%ﬁl!ﬂtér%eﬂi%laﬁ%e@ﬁxfst&ﬁ's&oﬁ&ﬂﬁﬂ@p@?&e'cﬁ%@l&,‘ on,
integrated mcro heaters and micro-tenperature sensors for PCR thus making

cur r ent Wheielsdisal teagiens @rer s deBileddielond in semenpplingtiansnihe ghip yagipsdusdsi ve and

non-di s g [ec - t S, Al .V de

i sposabd atins upEed irihe ofn 3P uPBGF IosRiicilfock BHEAAL Bt L BEREEC. 1 g

out 1w ar advastagsooctheaise ahchahipa wHow forrsmailtahdome pafallél bidce SifgNBRYariacrEhde

| NVENTI 00121 .The, present invention is directed to a_m.crochi p apparatus
and s i T BT Pebeean Poronsgeieieaappaed dPoiraret FREC UG Sbe) n ( he
pr esencrqdfe Ak aR&RIve sadhls prpestibi aad élbkiﬁo?ﬁ&re@d@b&ﬁt_icfr@! cdetpehdiqgagqpl i fied
nucl ei c acid products or for pharmacogenetic determ nations. The apparatus

conpr i s@gthadsyisins chipg pigaliviregpies epm chip sampdmBNArsPletivaniategmtedmiele-ar e

desi gn . i j L] LNt uction and
{1 ow o eanea AR e IBATSY Ik iRahRty ik Bpd gl LBLEREICL T e
an It egethbdssd nphesaprecpar @pewsivepod noodisposgbie.he | nvention provi des an 25

i nproved result detection system [00131 The present invention relates to a
m cr oc hjippil (4 fpia padhjsct ofi thidinedntinn ivgprovide disppesbladicrabipa permiding waltpls fo6ér ned.

Use of the rm.assay” herein js nmeant to descrjibe any qualitative or
quant | A0 SEIEPL Sr ngouEEs PAR B e &5 B aiPed by tri al or
experi Lncl udi I | at indicate the absence of a particular
substaﬁﬁ@ll§mg?§5wp& to, a protein, antibody, 30 nucleic
acid fr as well as any indicator or marker typically utilized in the
At orlOFHRY tog s iye iy 3 diepfid ¢ Ao nAPERoh FLAE RFHPT YPeBbigh | se a
| eamt QRANMESAYdetcAhs A WRLSHhH 1R FERRE 8fdbserth B HiSdhsdMBY 2 SRS W th a
first and second assay station channel. Also provided are “nulti-purpose
channeldsteptinresmpliied petqiopridroduether fasphaymaseganpdatermanagpuswithe Pppseatist e
sol uti %Erggﬁ%g/a%bs{ré@ it 28 o R AN arld SR s WHGET AR EPRAUELEE LR Ough
a manner which facilitates the infroduction and flow of sample fluid and isolation-medivm. 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 substarice 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. -
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24 March 2006 WD 03/ 035909 PCTI SGO2100252 [0014] An enbodi ment of the
present invention is directed to an apparatus for detecting a24dMarabe2006
conprising a substrate, the substrate having enbedded in the substrate: a
sanpl e on chanber which may be configured fo ' I.hg white

bl ood ceﬁ&@?ﬁ%g@gnple i ntroduction inlet fluidically %%ﬁ%#%@&§g sai d
sanpl e preparation chanber; a buffer introduction inlet fluidically
coupled to the sanple preparation chanber; a flow pronoting fluid chanber
a 10 storage chanber for storing flow pronoting fluid, the storage chanber

flui di cajphy] £QHRb&BnER of 1h prest:@WrRhitHGE Bi@telhelintlapphaniséirderbthgahe sanpl e
preparation chanber fluidically coupled to the  flow proioti n? fluid

chanber disersecquraisingte subriiets: the rikstirfe haing fERbegdaddn ihesubsiratesyiamhlon devi ce
A AR & A A

chanber e pronot’i n | Irst mul ti “purpose
di st ri bistrodurtion b duididally deupddity saidsapipdpremratioe clidntier;abuficombodusiort | ui d

chanmber; at | east one assay station;.the first | ti pu I
{1t i e poidBay eupeg 2 o8 bR prBaiqrn ety « i rop BTG bRaR

| SOh@t i fGraBdIchaRBE ot dtbriiy ﬂdvﬂ}%on@fin?ﬂﬁiﬂ,tﬂlﬂ stbiagaHah®ed flodiclyaonpled® the ui d

+ chanber to the assay station/plurality of assay station Furt her there
may be- fevseraeding fluideohanbesnandihg segplq menasdiga Phﬁéffbelrﬁ

| P nbe _ yigrelh sourisdior e
ntr Od“ﬁéw-@lébn&o%ghuidf < Fht Yo G Efloh Bard RitnbrlchiBbridBhidoldtidh ROSE, Channel ;
second nul t1 purpose channel, e secong 20 mul ti - pur pose channel

f 1 ui di céak isylatngipidedrmittingHevastediuid franitmrsamplegreparation eambet tofhe#a@-pr ovi de

venting, with the Jinlet fluidigally c led t0 1 > i"zpur pose
channel iR dp S & et E Rt U P e PuB AR Sl L P

f 1 oye pr@svRbiopdiibs Buid BRabRes: leabtBe agspitatidnattoditst mubthpurpdie chdmmelnel s, may be
enbedded within the substrate and can !b??,, if .desiragble, aeal ed fromthe
envi r orfiaficallyxsuplobiodhe pssavasiwionetndsa po iop, fevigrdor isRating 4pA Perpiding fgy

pronot I jg ﬁdﬁ&’aﬁgﬁ&%ﬁﬂm@bmn@'ﬁgg ARRRLALE b thE harnehiton/ Anslity BassiysaREs,chanber

are omtte the functions perfornmed in those chanbers are instead

per f or nButhertherh enay dapravidsd eplers phobmtichistpdyctiop dirtehe tuiter igedgdennleppar at us
can be ugyllgﬁ ﬁ:gggélgd i ﬁrsg}dhlﬁtcdéﬁfpgggéﬂg&k%fcc&nﬁ(?mﬂ]ﬁ—g&t%%e chiah¥E Blelsetbndf

det ecti nce or absen | Sease st at n exenplary nethod is
di rect edultidfrgose cahed fiviipally pouvpleric thearsap kisgorg enddn ialetiwbichgey ptoxide, in a

t est l.e fr L.ect yof | . ' h , but
not 11 riebies #h Db degpSsrened e Mher R poaY gRAntEe S ot hod
CONDr i SRSHatdden ShitRr, he stdrage dMatnber| 1he flotPrahotiy MaVitember) theAsay siafi@i, i ng

position, depositing a specific DNA fragnent in the assay stﬁri on_and
dryi ng anféhexbamplssmay bopmbeddyd 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 chamber 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  to detecting a presence or absence of a disease state, in a test sample 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: (2) 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; {¢) injecting into the sample introduction inlet a
35  biological blood sample; (d) injecting a washing buffer into the buffer introduction inlet to form

4



applying a sealing layer to the assay station; (c) injecting into the

sanpl e introduction inlet a 35 biological blood sanple; (d) i @4eMarch 2006
washi ng buffer into the buffer introduction inlet to form4 24 March 2006
WO 03/ 03 [/ SG02100252 5 a m xture of the sanpl . ood. and t he
washi ng %ﬁ(??s‘éd;glog the sanpl e preparati on chanber; (e) epcggﬁfg]iyﬁ ted cells to
separate fromwhite blood cells, therein |eaving said white blood cells in
the sanple preparation chanber; (f) injecting a lysing buffer into the
buffer introduction inlet to lyre the white blood cells containing DNA

f r agientasnikiorihd satiphofibloddhad thy Siasigndbifee i thé Ginplepregiitig chanbas(e) nt o t he
sanpl e preparati gn chanber, therehy pushing the |lysing buffer into the flow
10 pr onseysig ¢4 erlla tesermmisTony whitefplpad csilh gheseie Irawng said Phishhlperboaln dhihe al

st or age Lf3 . fal 1 oo il i he
sol att o aguRpa g itor () P RAOID LR fuir i ARk bl NS s

f r agmentts whitedladdeells centaimng ONAofragnosis ivfeanimbbn indhe lysingbuffey; (8) ajeding (])

detecting ) t he,assay station is fjill i,th th S| byf f er

cont ai nig PROTeERE Mo ohRier Bertha nSnd et BRI (1)

ggﬁ\ 3\? }\I i @gn%dg% jamgll dgﬁmw_; @D\'&ifflllﬁiﬁg AeRdnsical fﬁﬁm{}tﬁ@dﬂa}nﬁﬁ&t&ﬁ%mf Hhtche OF ITHE
i . is a plan view of the upper surface of an _exenplary

sanpl eG§P ﬁ?ra?%ﬁl%é@gﬁvawswue@aﬂ)e liq(i?fﬁnidﬁwaf‘_cfe@mah%@” G\ie the Iysig budist hi ngs

of the Q&ﬁéﬁﬂ%ﬂﬂ’ﬁ%h% intd0d Bkt xﬁhl@puﬁmbéc]ﬁm?él ey hRyy &Jﬁohf@ g&edmLary

chip of FIG 1; [0020] FIG 3 i1s a plan view of the upper surface o

anot her whemihe asspy siptzonds ied with thg dysingdbu{iBRontaindge théDPIA fnagasotss Gdnce with an

| t ' f the A i on: 24] Fl 4 i i de vi
of tho. SYaEREAITTh igr iR BN ARt BRI R DRI lel el of an”” V"
I ' L AR A ith the t hi f th
ie?ri\? f@“ﬁﬂ%@%%@bﬁ?@%@ww an al '?er n:?fvlengiegpl ar§
o of 1 HOBHICFGhi13e ka3 Gl oot o e gt DR gt
i nvent i @P]) chipvinAgcosdinipd @ith theitehchifgk cthd edeat ibh@mtio®di um t herei n  di sposed,;

(0025] FIG 5D is another enbodi nent of an exenplary mcrofluidic chip

havi ng pargIRGH 2 W abidedigly oS@E atdniplariElth UPFING; a det achabl e absorbent; 30
[0026] FI G S5E depicts the chip of FIG 5D having isolation mediumtherein
di spose@o2(§ 5G] NG a FAWER of thdnfper BurfecP bdmdlitet YaniMe REFRion hddraB® (I an
absor bent havi ng excess .sanple fluid

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 1s still another view of an exemplary microfluidic chip i accordance with the
teachings of the present invention, having sample fluid and an isolation medium therein
disposed; -

[6025] FIG. 5D is another embodiment of an exemplary microfluidic chip having sample fluid

and isolation medium and a detachable absorbent;

30 [0026] FIG. SE 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;



renove ; 5 24 March 2006 WO 03/ 035909 PCTI S&2/ 00252 5 [0027] FIGS. 6A-E
show anot her exenpl ary enbodi ment of a m crofluidic chip made2édnMarch 2006
accordance with the teachings of the present invention providing another

seal ing arrangenent; [00281 FIG 6F shows another exenplary sealing
arrangen&é%{"gsgg%cordance wi th anot her aspect of the QM?’P%?E [ 0029]
FIG 6 G depicts another exenplary mcrofluidic chip nmade in accordance
+with the 10 teachings of the invention. [0030] FIGS. 7A-1-7A-4 show an
exenpl ary sequence of filling a plurality of assay stations with sanple

flui d [[0037 FIGECGR-E&Bow aiidthet esdmaplatyRaboiisphrfemabi@ficoaiprhalefihui d by an
i sol ation mﬁdi um.%rﬁg s%al ing on one side of a plurality of assay stations;
15 [ 0032 CHf s WHE e topshipes PrFeens maentiog pervidingangther sepling astangepenty al i ty
of assay 32282 E@P@F by an jsolation medium [0033] FIGS 7D-1-2 shows anot her
exenpl arlf é’ estigyvs pnather gxemplery sesding Amangesenl ingccerdanse withowaipesasaedtons:

[ 00341 Frthe iBvesfigys an exenpl ary anal yzer system according to the teachings
of the instant 20 invention; [0035] FIG 9 shows an alternative anal yzer

system t i with. the .in nt i, i on;
190361 1) T JECHENEh 2hor e el iR00 R M clipille | ASRARc MBI 1 20
i n aldcorekghivgs ofithdinvedtienpr esent i nvention; 25 [0037] FIG 11A depicts an
exenplary sanple fluid preparatory area; 100381 FIG 11B is a top plan view
of sanpl[@)30] BIGE. frepdnat show aareanplfrySéBend AN APAralfty Of astdy d@fn6wgtha t op
vi ew of assay stations having exenplary flow pronoting structures; [00401
FIG 13° U enplary fluid vent channels of an exenplary assay station
4 shows an exenmpl ary bevel that nay be

S?QL: 33@?&@% a&m%%mg%&}mwm phesmple ipidhy amiselpdmmedivniee
exenpl agsalisfbeehdBdd ofafplABIRF YT SEAL dtffdns;

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 present invention;
25 . [0037] FIG. 11A dépicts an exemplary sample flvid preparatory area;
o [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;
[6042] FIG. 15 shows another exemplary embodiment of assay station;

6



6 24 March 2006 WD 03/ 035909 PCT/ SG02/ 00252 [0043] FIG 16 depicts still
anot her exenpl ary enbodi nent of assay stations in accordance 2¢étklarche2006
teachings of the invention; [0044] FIG 17 is a side cross-sectional view

of an ewaﬂ%gﬂgonfi guration of channels in accor dar},ce(ﬁ%%%/ﬁo& he teachi ngs

of the inven [0045] FIG 18 is another exenplary of
channels for nmultiple sanple testing 10 according to the teachings of the
i nvention. [0046] DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0047] The present
invention relates to an apparatus conprising a substrate having at_ | east
one asHag3EFiL il 6 dejicts sthl anbthehexesuplarpestodomrst efassay stations io acaerdpngg Withast a
first atsniea%aaﬁi%ati channel and in particular enbodi nents nmay have at

| east all&d BSUARMEPHOR0n channel . As utilized herein, the 15 term

assa tation describ the area at ich a.particul ar assa ake | ace.
o oo ¢ ITOHETCH S G e s Sevofel by b rsib i felieBon A ARt D b by

i sol at | QRABRAWRL }0fa@NRIRK the invERBoSal d first and second assay station
channel s each separately are in conmunication with said at |east one assay

statio n%}\(l)i eﬂ@. DASHBRL: Rbm Rdintent Sfchaiels FRGRANHpIEWAEHe Retipose channel s

are Ich are i1n Tluid comunication with said assay station. The
first mdeoidinio phegeachipgoefdhnisivendiod. first assay station channel have
internal surface characteristics conducive to conduction of a sanple

sol ut i ojd046IcDET ANLGIYNESCRIPTERN QN €HEINVENTHNeous fluid sanple is provided
, the channels may be either hydrophilic or are treated so as to be

hydr ophjob#T. THerprespatriteatidranclatavioah appatals compisgigapabsifatedaving atleast oshannel s

(geonetric aracterjsti rovi des articul ar [ - duci ve
Char actBrisEree i yhgh Pl PRt HaRn R i R oS B S

havi ng gididuliembodileat ik heRniTBabt Lsecdnd uisay aibticit dhamnehr As utilizedherein) that i on.
100481 ‘At | east one sanple fluid jnlet is.in comunication wth the at

| eabt ftewm gssayFirtionslepgsibesthe area Awhich g particplaragsay fakgtplages o B redi um i nl et

is i gef%&g, aR sl étiliomeg?ﬁsels 8R Slea bbtnabd B 1SolafRGAGTUAUbE bxaRigleD0Se

east one second nulti-purpose channel has at |east an
i nt er nalhessaidf fixsteng srcondassaponiativnshrsicls sachgepapiely are ip gommusiggtigngy

ol g Ao, B SRS b iR PeRcERT
SO as tgolidednyhich pleabilaid cdmmunication with said assay station. The first multi-purpose
20  channel and first assay station channel have internal surface characteristics conducive to

conduction of a sample solution therethrough. For example, if an aqueous fluid sample is

provided , the channels may be either hydrophilic or are treated so as to be hydrophilic. In

particular embodiments, the shape of particular channels (geometric characteristic) provides

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

25 channels having different relative geometric characteristics are in communication.

[0048] At least one sample fluid inlet is in communication with the at least first multi-purpose
“channel, and at least one isolation-medium inlet is in communication with the at least first and
second multi-purpose channels. The at least one second multi-purpose channel has at least an
internal surface portion non-conducive to conduction of said sample solution. For example, if

30 the sample fluid is aqueous, the second multipurpose channel inner surface would be

hydrophobic or would be treated so as to be hydrophobic.



24 March 2006 WO 03/ 035909 PCT/ SQ02/ 00252 [0049) The apparatus can further
conprise a sealing |layer which seals at |east one assay stati @ March 2006
desired the sealing | ayer can seal only the at | east one assay stations or

can seal \g85§/33?43§ of the apparatus substrate up to an&f’%}g}#@%g t he
e

entire substrate surface. [0050] In one enbodinent, thel surface of
said first nulti-purpose channel permts flowhrough of at |east one of a
sanple fluid, air and an isolation-nmediumand the internal 10 surface of
said second nulti-purpose channel permts the flowthrough of at |east one
of air [B049rThe appirafis can-foxticr comjrite aissaling tayeowldticsedls at loast badskaycttrgiont he
sanpl e fluid. [00511 |In anot her enmbodi nent of the inventiqn, .the jinternal
surf ace{féﬁl’f@ﬂéherﬁﬁﬁ]mgh]ﬁ[ﬂ%sg@ cﬂ?ﬁ’ﬁ‘ﬂ%f‘ﬂe WGF?&%W&E@“@FEHPH@%%@%}H% assay
st at i ongHhaRReLL it@4eRl Mcidth e Rhtitk Quilshife Bfagg section of the second
assay station channel and the second nulti-purpose channel are both

non- Con@y&dvig oﬂxécr}lﬁ’oﬁxg Ukt {n‘?é?na@gur?a%is s%ﬁf?&%@nﬁl?irﬁw oseldBhiheEpRREs ment

further assists Int ocalization of sanple d to the assay station
as wel | flawgthtangh gfaflléasicpna nfla sauilefivid reicd mh sokhteamedivamtand the ifite®8D) The

substrate. can. be conf,i gured such that a. east .first second

ouDR | St R sERh pHE SR el pE RSkl bR e AR RE Sy orn,

St at i onsolatich-théduhibusik nadndebend flasthegugh thetshraple flafdannel s, respectively, of
said plurality of assay stations. The plurality of assay stations are 20

ar r angggo319 Ip eathdemdbdilmemsdf e ievedtios il ihfemaREfaceT tiRaful e puipake dHahhding of
the plurality of assay stations with the s le fluid Tii('%l,uti on conduct ed
t her et dn¢ion2 Bwkacg of the seceng pseat statignchanggl ipgediateliadigentdo e dnterpretipn pPKt  assay

statio rig&é&@&ﬂﬁds%y d#ﬁﬂﬂh ngaﬁa' ahl the'sB&nB Hﬂtﬁ#\h’béfse Char@SISAYboth Add-QRauGAD be
arranged to provirde at l[east one of sinultaneous or sequential filling of
t helsf i rte torahucticgedonid samplt flizidp Thisesdodiventiatiberaisists in e lpeabibationofisamdé um t o

seal e PlURalLy. 8l 9852 1 ShBLLANS B 00970 TGy Gapgy stations can have

di spos one reactron assay compon r exanple, if

PCR is | at the reaction S co nemnt ca one or, nor.e
ot rrer 4052 APBRERe st BREI el BT SRR G5 ol g boeREs
COMUNig€ihicommbinichtich wigPppiaraittifAsqay epasmiviaahe firsbamdatadnd hitey spist rat e can
i nclude, at | east gne of a, sanpl e preparation chanher which may or nmay not
30 hav éhaémpiseresn&ﬁmr g% seiRl o B AR E;Pﬂ%nfmqmgﬁa of PEPUSFHWRATn at | east
onenof ,5aldid ¢aaNRk Gt EAR oML shIBRERE 8 RefudnNAITIAMIARAMALHY Bf HsapubSt r at e.
8 24 Mar ChéiZOOgIBV\D 03/ 035909 Qu ' ¥ ¥

stations with the sample fluid sclution conducted thereto via the at least first multi-purpose

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

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

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

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

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.



PCT/ SGO2/ 00252 [0055] The flow of sanple fluid in the channels on the
substrate can be facilitated by the introduction of a flow p2dnanch 2008d
into the sanple fluid via a chanber for introduction of flow pronoting
fluid. [ chanmber can be in conmunication wt for m xing
said fl oSv—Qéprﬁic';or%%blgng fluid with the sanple sol ution. %@%@g@?@#he present

i nvention further conprise a nethod for conducting reactions on the
substrates of this invention. [0058] An exenplary nethod includes
introducing a sanple fluid to at | east one sanple inlet; filling the at

| east o[e55ISERIEH 6t samplednit inhie chenrizcbnabsaystsieatan ba foctidateichy the a t he at

| east one mnulti-purpose channel; all ow i.50] ation- medi.um from the at
| east oMEOREEPRPT SHOHPEIIIPE APGh e SrrGRpf Mag capmpel faeduetoh of

mul ti -pﬂg&_gﬁﬁnﬁﬁ%mﬂh; and running at |east one reaction at said at |east
one assay Station. The reaction in the assay station provides at |east one

of aual fohai Mt Rheyb& AN ih Bbinitindlati il B eSOl AloREbblbtiAES U T
The at T east one of qualitative or quantitative data can be obtained
utili zifhgd flithahemapbssoldipeh can be provi ded by at | east one of
intercalation of a flurophore or fluorecently | abel ed probe. \Wen

f | ugr esj0esT]eTHepreoptlimeaihn firttberasmpyisest ratthailor @dduoting keactorgonithet e can be
i rradi caged vviq%ggat %ﬁaSt one excitation frequency. The probe can be

| abel edfUBSFralgs SPYGHE8%of a flurophore, an enzyne or conponent of a

bi ndi ng ¢ | ex. The resylt qf .this method provides at |east, one  of
qual it glpp%m%’r eXSRIY F’Sﬁ?‘l{/l’é“ﬂdfg?sdn?%cf“ﬁ]t“g ﬁda‘f%lgpﬁlé] 1o E‘Z‘F&?f @espmply ”E)’Sﬁ’ ng
assay edgjli kX 8RRt Rhf ofidiakdy!sttiod Bndihe GoLAAd Asbaf dtatien BR3nBIe/iLKe BTIbAE biey pProvi ded

by florescéence resonance ener qy_ transfer, |um nescence or colorinetric
change, miltirpuepcaephasnelpadloppassylation-raediym &gm thewt lqagtane isglsdion BsdiUEY BB Bn t he

Subst r af { &?d;atqgasgtlﬂg ﬂfﬁ?ﬁ]ﬁfﬁ_—#ﬂ%é cﬁme&@trﬂﬁlﬁnﬁ %%Etrdﬂle regEﬁHn a@§eﬁ§]@ﬂ 1Bast

t he rmcy?h ng conditions. e'test sahple canm be provided to the apparatus
by i ni tdnakésgy statipre cTlienepctibreinttbsdssayastaion ptavidas atllerabine ofiqualitadiyapat | ve

operation..The reparative operation b rfo . om sai d
Ubst r APPSR G SR PG o ol S P AR I e B
UpON  Ordai dahl bB obtaRes Ul HidgeRrecae MG kn BB prosided Bpsiticasnmepf Rpacaitione
operation can, for exanple [

provi de nucl ei c aci ds susceptible for use in
Uhe. r od EFBRDHE 5 EUBHBIE 1981 AroPfo VG BYOTEtosics ot Ry el ibe SeHans.
[ 00/1] iégfé!shbs%?c' daXl be Bladlc8iRd With AE1eAS SAYedcRARh R GudbeyPPRGRbbeCRA be di sposed
or placed into the at |east one assay stations. The reactions my provide

for t hdateteddytat sastohe of aflurppliors an ereymsor edrepopetaf phindingzopplex. 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] Additionélly, 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



WO 03/ 035909 PCT/ SG02100252 acid sequence that is associated with

virul ence, disease, a particular phenotype or interindividual 29March 2006
interspecific variations or differences. Such variations in nucleic acid
sequences_j ncl ud si ngl e nucl eoti de pol ynor phi snms ( SNPs t andem r epeat s
and insef‘wg'ﬂ%}g%?ﬁd/ or deletions. [00621 The at | east 0?1%1)’$Cé)31@?%5%n whi ch can
be conducted includes a nucleic acid anplification step, and the assay
reaction 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 ikl ABSoeiat ishs®BlaRE SFBRiruRcs ARsE, A paticOlal phehbt@pdiat ihferipdividose
channel s by an isolation-nmedium The isolation-nediumcan be introduced
sequent printeyspeeifio varisgionstor diffesances, Syech wariptignsdp Avrleiered ssguesesiaclugpannel s or

mat 1 pub BRI BBl SRl BRGEEe I RS pEREIIR, ccone

mul tipu hannel . The.isgl.ation-nedi umi t.vihi i al which
s o " alPEAETE R pe aticn R Rl TR R e d R oot L

subst angikilahy thelidag edablicd coinpbndnhnighd ifphet chieundude[aGitnbi oflprémérmt r oduct i on of

i sol ati on nmedium provides the purging of air fromsaid at |east second

- mul §4 puppesETN AR ofaldintditoPplogidegiopbeating 6k islatiohef fhe wbsdyd stafons 8y d at

| east first rmultipurpase channel, resulting in the jsolati orL[of said at

| east offeplaesaept afisample Huiddn theirpHlfiguipesechagn SHUGR-AS ¥ the case
wher e ti@&aﬁ?%}n@&ih&rbaﬁﬁ%&g%}icgc} {e@hé&m}y B Gie af1BR ﬁﬁféxﬂ@&cdﬁ&hﬁm@p_ Bl udes a

' t
step of at ast one of soll ing, curing and polymerizing said isolation
medi um chaj@6& isolatipameditng can b dirst istoduéadiintd thy ablebs dirsrevwitinfposhiehappa sent

! li . : . Le. ; : i
mor of | ared BeirfanEhat By Rufe SORERRbPEHus UEHHE d soRkPaRAREs
met podsypikallyhempiedisiertich inyRamt dpposifeanivrd dsaompaadioyhs smple fuid,|tkitds,aci ds, e.g.

DNA, to 25 rapidly, detect and/or gssess the risk of diseases in biological
sanpl essubstRRt @W@&S’Eﬁm efﬂ“&%"eﬁfna i nvention can al so be used for
detecting anplified nucleic acid products for e.g.. pharnmag netic

det or nilRGe4IoFhe igfrpdyoting of plafemmedinm Rrades tha neFaRg oL A %@faér n the term
" det eClgecid mulHFkBsk cRinelAhd ﬂfé%ﬁﬁﬁ% SaidTRape fuf iR SRE&qeRE filshdi cat e t hat
a subject test Sanple contains at. Teast one di sease-associated nucleic

aci d. Byultipappssechanngl, msulfing i thhisplatipn efsaidritlsnsh oreaseay sgion cenieining sidcessary
10 % 2RIl cﬁa&&ln.é'mg%sg%?@%%@ﬁ%&&gw&h% Sl HPRLEhGRARN, Such as
pol ¥nmeras chain F eaction : e device can optionalTy i ncorporate

el enmentiscluds assprof afledst orernf edtidifyirpptwainigand pdlymertding saiddsdlaion eadddm.as a
mcro-filter, sized to trap white blood cells froma human bl ood sanpl e,
for exgomssg.A partiadea butianimitiMgtembolizndnt efShebresentviandntionis dikitedrl seaplees can

: _te)ﬁbggiplwdl Y a%gﬁ .lgégg?_'dei Eh%g(])sgblg,ensulcroﬁi | Sévic%s gﬂd nqetgétﬁlo?gsligga éucﬁ %e 1|ce%f Q one

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 incorporate 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 analj;z_ed from a test sample, e.g. a biological sample. In one embodiment, once

10



24 March 2006 WO 03/ 035909 PCT/ SQ02/ 00252 applied to the device, the test
sanple is assayed to determ ne the presence or absence of a dieNMarcho2006
assess the risk for devel oping a disease. A "test sanple" enployed by the

present i i ncludes animal tissue and bl ood. The sanple is
prefer ablvgg\/\#@rke bl ood. In one enbodinent, a tissue h%%%‘g)ﬁ}ﬁ?zé or bl ood

sanple froma subject is tested in the assay systemof the invention.
Where a tissue sanple is to be assayed by the device and nethods of the
present i o invention, the tissue sanple is conventionally honogeni zed,

di gest edpiid tb tHetdevies] tHeaest empleisaotayet] todiefimitic tB grephicaonabisbide ofla diseugb ut i on
whi ch can be pplle o .the d vice of the invention. [0066] For exanple,
the preSEAwessHie Iilﬁlfff%ré{eve%e@%% Bergens “tsst o8 emﬂa&déw.t%e pﬁﬁ%&nverg%t ozoans,

m cr obi ﬁlcmegmhﬁmﬁswana%oh' Lye) teBf saf BRASHEIRLH WRIHI ST Ig%nf'et ected by
providing a virus- specific primer or e ragnent, pre-labeled with a

f | uor esembedimshics ussee bumdgenaie QBbldedlsmwéﬂ:&wma sﬁblmt B é@tedsmﬂplaesammtqm of

conduct i 0. prl nt _signal wll
oo o AR S 8 e Sni® o e Bl by ML BicB and mABL AR Bl et

f ol lhow n@eﬁﬁaﬁ ﬂlfe@i@ﬁlz &axgﬂaiscbggﬁ?hoﬁaegmoﬁaagmﬁzeﬁ dlgesta@ﬁmfi?iwiaﬂommdwetﬁbm
present i nvention, ar erivye r j I ng.wel | - known techni ques
such asd %ﬁ.aﬁé Akteind in ¢ gob 8‘%11@13@% Wé‘reét"ttﬁ% tregf BedlieatiPit est sanpl e
is derived from non human ani mal s, such as |ivestock, bl ood and tissue
sanpl es [09p6] Efgr%?l&P F:ﬁh%HP%PFFa‘Bﬁl%feFtﬂ%‘ﬁP?‘#l@@g% @B'Rseﬁrrh%t%%lﬁmﬁl prepgosns,

Dependi fagcraﬂarbrgmne%; Hie%&l?ad cafRRAE R APk a&ecﬁfﬂfﬂ@; I%rﬁﬁq inglaRfrul €St

COprOUI’]dS are pr ovi d i nj ect ed or op tiona ree In sol uti on.
Ani mal ssmmwmeaowM01 ﬁm@@mtabclcdmﬂhaﬂmrcsqc:tttmméqcufecsucleasarrpl e, .humans,

reptile |ve Vi et s uch as dogs and
car ! ekt ThORS o BM BN ARG B AR BPIE SCGIL A BT aBE ™ 0% he

pr esent flidivseadtisiznal willde geducd 1f1$1eaest ﬁhapdﬁboataﬁlhﬂp didahsetacady ¥iae vari ous
channel ﬂlnenggggs (i.e. lengths, wdths, heights, dianeters). For exanple,
the mul¥ channel s may have |engths of about 1 mmto about 500mmin

| engt h, f%ﬁ]rga out. 2 mmto .about., 10 mmin width, fromabout 0.5 nmto
about 18067h irlogiealissh samplestip googedange with the oreseoh ivprtios amdestysd fiee sini | ar

dl Mensi QBfec@REink MB-KBIOIRLRE Yueb @Md@%ﬁ urRRRHr 9 BB OWdbR e SOMM A
sanpl e preparation area may be about 5 to about 100rrmm l'ength and wi dth

and2tabduelogisal st sa;npiemd@tlqu fosmmemnrednginimal s mech@e livestock.hloaskant dissve one or,

nore s t

ot o o SRRy Y dAUURL MR Ry O e BN Rog 306, B oL . o

-~ entire extadinedns being pragived, thd test hampelisis heipryides) . tinjsaddy oedptaslly fdeds ent | y
‘hydroph OP tion. Af{nimals 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.

[0668] According to the present invention, the device is a lab-on-a-chip which can have various
channel dimensions (1.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 charmels
30  may have similar dimensions and have exemplary lengths of about 0.01mm to about S0mm. 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



11 24 March 2006 WD 031035909 PCTI SGO2100252 5 hydrophilic or can be
treated with hydrophobic or hydrophilic materials, and one or 2ZoMarets2006
stations for nucleic acid (e.g., DNA and RNA) anplification. The device
al so pref&gg@l@g ?c/ont ains at |east one nucleic acid-adsorbant surface, such
as a silica- Aitized surface. The device may al ter%%??q}]@m?s%ont ain at
| east one nenbrane filter for separating white blood cells froma test
sanple. In one enbodi nent, the nmethods of the present invention are carried
out on the device 1o follow ng extraction of a biological test sanple for
subst &nt ipdrbphilicoredn be teattelt veid hydpophelsivl bit 18ydrdplilic hewdhalsaaid cak bymbrmmgiyat e” i's
meant resu.tsfcan lbe oht ai ng indm 5 g\ nutes to 2 about hours. “In
anot her hitoreweleicand (pee an qugyifigation. Therlerisp plse profosablsiomtains
pr e pr oc gt?&?ﬂfhaeglfgleetﬁ?ﬁig-ad%dr}%ﬁ LRERE S astafaﬁicé-eéfivnﬁ%%ﬁr?ace} h@@%ﬁ%{yng 'S

] ) . processing i s generally “enpl oye en-t he
test sanplfesngtivelysenipip atlesst opn merbyansslilter fuseparatinglohite bsodeells &otnd thsigat i on 15

devi ces, ] [ . ion protqcols for or RNA can be
ound T e i et Stind Bl R BE Bk pREenP Lk HER e oo M b fics. o
\ﬁi t i:](b n, i_”o'ﬁpwing ﬁxt:wtiam: cfn?@;gﬁoghddem%iplwomsﬁﬁtggg g?ilﬂxgﬁﬁt,e dbbatonasuet By

i ch utg. e..col ums/ nenbrane to bin . [ 00¢ or pre-processing,
non- nucl eslld%&a&gfﬁgy 1) '"l'%/@fﬁ 3uf fesHWanﬁPWPeilﬁﬁk@ﬂééWFm&?ﬁﬂﬂ abpetdoisn  or
i nt er f erla anbthér cirdbediblenn R IF@BH iARaliNS &0 chi
Pre-processing is_ 20 convgﬁt i orllal | ;@éﬂ%ﬁ?@gaf&gg@dgéﬁ ég%hslyx@gdf%%}ﬁpbe
modul ar 3RAAOHER F ke &5t epple; Hererassingds desiredws a lggerdivam tPre-proeesing is gefirally

pre-pro%ﬁﬁ' 3 emth andlor flujdically attach
to the devi i tﬁg%6€%§@%{m%%§g‘% frgnﬁ%é’ cgﬁ“gqrg%deachﬁgr HBbEIonhe ot and
al oné nuigvices, imsl the likek Samiple meparagion grotiebls FarYNA PRNWGA6 Ibe EamMd GOSWRGEboIE O

sanpl e ipl et of, the .devj of t resent. . inventjion. 25 [00701

Pr ef er abj| f'? ’ %%lggu[%?:o 8‘3&%@%&%@?%@@&%%@%@%@6@ with kits t he
present fronnQiapér, hath0y, o), erhfth QERSSdoREhimebt &S to 6 . DNA and/or RNA is
separated fromother biological macronol ecules and snmall nolecules in

crude s Borgi€-Proasssing honfrubleRScid i s o f .
JO0BYE Borgii€-Broasssing donfrubleSacidi ntsl ik ﬂlﬁt ﬁhﬁ(aﬁﬂszt sﬁﬁnsg@.{cﬁ'?%%fg%mon

aspirates, swabs), hgnogeni zed tissues sanpl es alr,
bi opsi e&F lﬂé'g%?er"é’%tb@e fyprstcantanalysp ehmyducispud eonvesn Pi-poesspingss (sur f ace

svabs, tORRntcRALYEBEhbd AU &Sike A | |5 5an. also be
enriched and sem™-purified. F(_)‘r3 exg%pg}r%%lhwaélgf%ggnfé%ﬁb%ﬁﬁ?‘gﬁ of the
cont enpPEE®S mEeitiophdbe pre-psenssigumodul eniooplakegtio mate with addick Suidikily af t er
buffy c L flgaty) arat.ion; cells cultuyr in vifro and cells
obt a?/ne . alf”t t?ogt?E_P‘ll"é)w Sgﬁreﬁi?%sgﬁﬁnven 1011s'a stand alone moc&u"fe. e’ﬂ:e stand alone module is

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

invention.

25 [0070] Preferably, pre-processing is performed on-chip. In accordance with the present
invention, for pre-processing of a test sample, DNA and/or RNA is separated from other
biological macromolecules and small molecules in crude samples such as body fluids (including
blood, feces, sputum, aspirates, swabs), homogenized tissues samples (hair, mowuth swabs,
biopsies, aspiratf;s, 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 cellslafter
buify coat centrifugation separation; cells cultured in vitro and cells obtained afier 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 21 G-28G sized needle, for

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

12



Preprocessing is perfornmed off-chip to disintegrate | arge pieces by the
standard procedure of aspirating the solid sanple through a @2dnMarche2006
needl e such as a 21 G 28G si zed needl e, for 35 exanple. The sanple can be
stored i chem cal s, such as guani dium i sothig nate, . for 12 24
Mar ch 203%3@@%@ 035909 PCT/ S@02100252 5 exanple, to i%‘ﬁ%@f"?’tﬂ?zﬁze
degradation of DNA or RNA if sanpl e processing cannot take place

i mredi ately. [0071] In accordance with aspects of the present invention,
DNA and/or RNA is isolated froma test sanple. The DNA and/or RNA is
adsorbed®SHpk: & iefibit tiecdegadntion of DN AsarBNACH simple pidcéssiag oot fabeplaiecr odevi ce
in the pnﬁﬁ&m&ﬁof appropriate buffers such as guani di umisothi ocyanate and
10 NH4C dissolved in water and Tris-HCl adjusted to pH 7.2, for exanple.

The nucl surface dye to_electrostatic charges. The
adsor ben@bﬁldqﬁg(%éga@%%éhﬁaﬁk’ actts PTG oyeien, IN Aiﬁﬂﬂé?ftmlsilﬁdﬂtt@dﬁ@mpart icle
beads (gbasan;ﬁeaﬂe)DNgladdfbﬂRNnambzeea\bﬁtbahbﬂnhfgzeas%Q%PaE@Qﬂﬁgﬂlﬁe apticles

i mobi | i,zed.i n, chanbers by magnetic S; ranes or

al | owi né ¢ Pictrdgdcs B %I%@SOPPR Aropage buifns suohpcsuehidhyeispthivpgmticasd 15
[0073] INFRODUlsiARE 19%vater ARPREL ARl R L9 AR LONE D MBI Yeigashed Lo

renove unwanted cellular debris onol ec is then
el ut ed B§haniRibs svfaesduedn elegeostitic clenges.dite adsndbent stﬁfdﬁés@o@teﬁﬁ!aﬁd‘ﬁ?'ﬂﬂg buf f er

f t P d-fl b
gacEe:‘Jl Lgéﬁerﬁﬂv@#&% #{1% %@&g%gdgﬁﬁ% Ség‘?aﬂgryhﬁlfltﬂimﬁr er%glghfﬁﬂrjssa%d elution are
carried p@mnagmsc peg‘txqiee&mmmﬂed 8CdhamBery BY 18 8ncfb HelAbi RS eﬁl%ﬂa%é IS Lessur e

suctlon 0 ve sure. 20 Preferably, test sanp es are in roduced
into th& M‘%ﬁ %fstf’ﬁ gﬁf@“%’rbaﬁﬁflr‘é“ﬁ%}ﬁﬁ‘@gwm% syringe punps, manual

syrl ge istaltic urrp or vacuum punps. [0073] In accordance with one
as pegt @%07?1?5‘“&&@&25% Pr FrappedRRcisic aciseregosvensip lyavaghegtp rénfidve dnaintedas say

zcdui fing ] m‘ihﬁ’dmﬁﬁaﬁbﬁ"‘hésv'fﬂg PRAP B0 e BT B 1205 i B o8 e ns

acquiring. inmmges can be enp Aga0el engt hs
eni t t edSUf nmechvip heid using b r zﬁncmehll i (mmug Wate),) eitferdyFosateabi Vel Y

anplifi v ties.for, direct and sinmultaneous detection
Wi 't hout@rg)r b\?\fk?ﬂésiﬂn |§{aﬁtﬂtﬂ&§{%f l%fui“{:ogf“gﬁﬁ ¥ishipe and glyizon arpgastied 9w at i on
react i oWEEErHvEED hcatvedahys ﬁdﬁ@uﬁipﬁﬁﬁgﬁhvb préssitd é&@udnrlﬁ'p\dﬁﬁve hﬂr@srsuf'éxarrp' e,

e chajn reaction or isothernal

| t
ggp i f |%a {agﬁqegggfl? %ﬁlirg Hft'f?dB%‘a ntg s sieYicewing epeos orsmmpsamwsic as ytingn st ep
(enpl oyiungs eraylegrineeelicalit phayes SBchhARSgs Pti on)

[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 sPeeiﬂe 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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30 for anplifying RNA targets is conducted before the main anplification
step. In another enbodi ment a reverse transcription step is c@dbMath 2006
the DNA anplification step. f00751 In accordance with the present

inventio\%%?%}@%%%c acids are introduced into the assay %ﬁg@é)éﬁgéstoget her

wi th con reagents for the anplification react? enzynmnes,
primers, deoxyribonucl eotide triphosphates dNTPs, fluorescent dyes,
detergents, salts and 13" 24 March 2006 WO 03/ 035909 PCT/ SG02100252 5
buffers. In an alternative enbodi ment, sone of the reagents (particularly

primets BHEEroringp slirmative pmpodimeny snwmpiticaehgbars (thsicabBRprivtead dudfor pittheglr i ed;
t hese re W Idl.zed .on contact wth the incom ng
sanpl e/ rlggggén]? e}%lg{?flg@%%%sldgg@é%%g PF‘%SIF‘B&B feAsTh Ayl e &plikitized onjcamtactci bl e
phase suwith the ivoméngasmplelreageattiquingixt MesebdndSiquisian cReacRS9Ed 1Rk %hChi p

e

]

t hrough gne or re hannel s after the sanple/reagent m Xxture.

i M sci %éisei ﬁu&%@{f{ﬁaﬁ Oié’@é} angithe like, gandhe @ddadde 8 chip tougthmeas amye st at i ons

and act chsmlspiisthé Mm@ tdab&i misQuR! - - d_mi xi,ng. of the

contents of the assayljgstzill ion w thﬁ%éﬁg]%m% ?%%‘f”ﬁ@@}% S‘éa?gﬁyﬁg’td&tqcﬁé?o [ 0076]

The Wssdle spanstaians @d achas adbysic batict to@ravem sieninwaniee Rikion ofme chgerdy ayed i n
nensi ops or in three-dinensions, wth each

hi gh dengd ' ' o
_ Q§é§s¥ayste{ﬁbﬁ%h & of acgnt.aﬁs&ysr‘a{;% about 1 pico liter to about 50

havi ng an exenplary vol ume tangi

mcro |i T, L nvent i has the capacity to 15 sinultaneously
amplify [g(ﬁgf Pis %g%yps{t\aﬁ%ﬁg’%%hggf”ﬂ%e ‘%E}éespé?ﬁemi pveaBen eenbg afrayedwbich 61090 assay
st at i onsitheT iretwordimensioris Ry @ thieedidnSRns Wih 20N Iﬁﬁ/ﬁﬁaﬁ@ﬁrﬁ;ﬁl‘zﬁ& Ut rQ;

i ndi vi ggral i %eq t her mal cgnt rﬁl s for each assay Stations.”In a prgfrgrred
embodi mEAE: 20PHd BieRlter tobeyt 5 anierp ditessy i he prasent iuyentinmimn thetchgcitplo par amet er s.
Comen  tiheiltsrouddpiapel ah® dR&E Thidle; I ' ach station to be
optimzed.to a S ngl e"set of ﬁ%?%%ﬁdﬁ%gﬁlﬁgﬁ%&gg/%vag)PViasﬁg)%%‘ﬁ@%esi gn of

t he anpPtffqugathedreson rvegtion alse, cotemphies drrindmtiomsflintisidedlizéBemeagaMbE  FOT

exanpl egrk. L1 cat  on,.may take | ace either by cycling

t hr ough a i’“‘i‘t o Hﬁﬁl‘l’e‘%é?ﬂe? ﬁﬁe{ﬁ“’g‘%ﬁtﬂé‘ﬁ%“éﬁnﬁ%ﬁ‘%éss%gfat@}aaﬁrﬁ|sabje@@éownmon

denat ur &enushparg0ets® dromop thermal parametsipagnit i tdhcfidns W LR Hédsay?‘stz G146 %L F In sion
ted 1sothermally at

step. P . the | i fication reaction is conducte
a const%ﬁﬁ%@%é?ggﬁrsg 0?@%5@6 tions by yarying hedesign @hithe emplificatiome pr esent
| nvamt i reavtion, e therconkentratiodk oFINO BT, THof Bk .25 in situ
hom)genzousltﬁ/ g% d{g_t ecti@;\g% fl ugrgiﬁcencp@%m t‘fg{é’ S g??ﬁogg?affi&oqﬂa){tﬁge
pr esend& 5 IS AR PYHInG HupieR g5ebef sedetemained temparahsesdahixemeld, 3680 Tgr a
f 1 uor opleptr@atifiab0-80€Cdk bAmk = .on _ bindi ng with doubl e-strand DNA
such as, et hia_di um br om dg orll%l\r}%%&g}@gﬁ&ﬁfqﬁlpgtra J]eijgﬁﬁgﬁs.‘on stop. Preferabiy,
e amplification reaction is conducted isothermally at a constant temperature (e.g. 60°C).

[0077] In accordance with the present invention, the products of DNA amplification are detected -
- 25 insifu homogencously by detecting fluorescence emitted specifically in the presence of
amplified DNA product. Detection is achieved using a fluorophore that specifically fluoresces on
binding with double-strand DNA such as ethidium bromide or SYBR Green I, 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 cycles. 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 defecting amphfied DNA -
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Alternatively, a specific DNA sequence can be detected using one or two
f 1 uor ophore-1 abel ed ol igonucl eotide probes using transfer of 24 Marefc2006
resonance energy. In one enbodi nent, the 30 detection step can be perforned

after thq“g?%aégg%e anplification process. In another nﬁé@%@@g t he

detection s can be perfornmed after individual ther In still
anot her enbodi nent, the detection step can be perforned during internedi ate
points of an isothermal reaction. The detection of anplified nucleic acids
is performed with a digital camera using excitation froman off-chip source
of i nci GOHECtERre ypeddn KePpPaiSHR egsinska Eewgﬁ@aﬁgn haseiingtwhich ig xpenihentatly chi p

det ect o t ] . | t.s _Qqf t ecting. lified
o 1 SR SR MRl S he wEAB S Bl B B gl |
conpar i synte zegai Aldraivplyctha pretanfrlifiastionbadetiseisideermibédchith esepe diffeattal | y
determ ged by .the fluorescent em.ssion.reading within the experimnment

obt ai neﬁu‘?it S%’?H’F‘ﬁﬁ ﬁtél'g? Gie 4857 IS@%I%PB‘."”té\P’EOg?Sntg‘W @Slr?ﬁ,cu?lﬁé’fg TSRh@PEN i cat i on
basel i ngatighsdet erm ned with respect to different fluorescent probes at the
sanme assay station, or with probes fromthe reactions of different assay

st afig ON@Y780t [sQRcABedl thatiall nRIRIIS bF B plebiat indbdtioN Bl R4 Ol tﬁhﬁe gé'v?c%? Mhe .
The | I'p device contains

invention are carried out on the device. lab-on-a-c
al |t helabehugphin device certaing &l the ini¢arater ¢lementrnequited ey deteeting tbs prssacodf e. g. |

ral T \ i o . : :
it sonses it Bt btteri vkl 8 oA QBLER ST RiRIRe O RERH. THSHRIES: [ ve
and qualhvengipn e neBeupleneihtishotf quhifatarant qualitsive reasuRasasoT DNA sdtltjieect ' s

ri sk of having a.di sease .ar condition. For exanplLe, the presence of a 15
Baci | | J§° Wt%%a%ﬁhg S‘%&E& ?Hgléo & 4iReRsE oF FRmdtione onexamplaihe presgrga o en

expes e Bdcillus behaB DNA U te%iaxﬁ%le GRIGRS tRLRE® hadiidn BBOsRBo Ble YabeHuh 0"
havi ng the di sease assqci ated therew th. nver sel y,” the absence of

Baci | | qeugheases anibrapand may he pladsk fachnsing thetiseeserassocinted therdvdtbs ubj ect  does

not ha i I; T\, t . r. of. i.nfectious

bact er ;(gzinb%?dg’it?&g%% i°§§§§§d§ﬁ‘%§§vﬂ‘ﬁ%§mw? %%ter - %éﬁé{}%/aﬁgg%? @aer? &t 20

r api dl yloekenas bavedhé disease saciadedtbérewith accor dance with the present invention.

Such di seases detectable in accordance with the present invention include,

but ar 40078 Ay mimnbet of infeciothbaaicrialsormvirk] diggases ndve ghonnai liter-idestifR@ asebe Al DS,
tit] ercul osi e, and mal.ari [Ln anot her

He S+A.B. and .C tu i S plague, )
as I%gct ,raptlcﬁg d%tP %t%‘tha H %"ﬁ@? Shacﬁ‘gﬁ?ﬁc? Emgﬂl?f H’]@F’étdf‘YeBHmbfsa“@]é ﬂ’é%qs‘?s. | eukeni a,
t hal as demttable irotdrtince aitheligpre®nt i8Vdnfibn P8 bat 4rb h&taimitell @9 AnidRbkSHRINY,
near - si g)?tL%dness [n.children_and adults, 25 N pah and sexually transmtted
di seas 8%, Legionnaire’s disease, AIDS, Hepatitis A, B, and C, tuberculosis plague, and malaria. In
another aspect, the present invention permits the detection of cancer, leukemia, thalassemia,
asthma, allergies, strep or sore throat, food poisoning, near-sightedness in children and adults,

25  Nipah and sexually transmitted diseases.

[0086] 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. For applications
pertaining to the genetic fingerprinting, the chip will analyze DNA sequence variation between

 individual (human, plants, and animals) by PCR.
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100801 The present invention also permts the detection of pharmaceuticals
in a test sanple. This aspect of the present invention can b24ulEichd2006
e.g. rapid drug screening or for determ ning the presence of a drug in a

parti cul i , for drug efficacy assessnents, for e le.  Still

anot her ggﬁg%ﬁéﬁg the present invention provides for Hﬁé%%§?§8ﬁﬁon of
genetically-nodified food 30 and for genetic fingerprinting. For exanple,
in applications pertaining to genetically nodified food, the chip wll

detect the artificially introduced genes in the food by PCR For
appl i call08hk Therdin apparetug andoiuiflie ngfeved ¢an be imgelagmicd ai themiard ecabsHeysl by | |

2y mar < Puns RO PREC R B S Ry iEl BleSior bR BT 00311 The

chi p appgecdbumohiivg, febinicebtiog Medenabliticnasierbalitimmraphp phol6lébogdphlyIEIGA cr o scal e

| evel b exi st ] crofabrication technjqgues such gs glass etching,
of st | CPREESBnEIE dratining Pl e R st FOgIAdRICARAEES tp BT GHLHTHEPER] Sser
abl at i ognuchi& 86 dstopQEdARRYs RAAERY lDAE! TRDYpenlchiMels BAPESHSESion DK

machi ni ng photocuring or netal formng techniques to forma chip wth open
strikt uﬁ@%s@lféﬁﬂ‘é@owg@ﬁﬂl@ﬁmﬁ@mgﬂal@éﬁ- assay stations, The open channel s and
assay stations can 1o then sealed and closed with cover filmor plate.
[ 0082] [PA&2]dTheskrsénsions ofthe ¢hanediaeanahnge depically figm tyisicmetentoflfom.1 i cro

nmeter t [ . r. ricrofabrication i s _onl n tign ot the
excl usi @ée}%%ahs 050}&\%1}%% 1?8“18 P %gﬁtgoe’ (ﬁéhe e&‘ﬁﬁgﬂvﬁ%@sg W@ch%gplé’gg@ﬁﬂ%n

t echnol chip B39. Lthdr nase conpett iechnologiss isadl 4 Yorinuérnankaeh!ly Chi@olledre@cni ng,

metal forming, plastic injection nolding, or hot enbossing can _al so be used
for 15 IF%“S‘H’%%P@E?E?"“FE’@@Q S’ﬂﬁ)@ﬂ?ﬂﬂeﬁﬁmﬁl}#}%ﬂr bﬁfrﬁ@%osexﬂg?ﬂtalpq %Jre‘e%fqroosq I n

FI Gs | ramekafibic 2, exenplary mcrostructures of a chip apparatus 100 havi ng
a sanple fluid preparatory area shown as constructed on substrate 36.

Subst r ghes3} DL DEARIPTIGN oFUrde Rl eri al such as glass, plastic, an
el astonmer Such as pol y-di net hyl sil oxane (PDVS), 20 netal, ceramc or a

conposi [ﬁ@f-ll] TOFRE. Q4hd 8165 PABRR] R P RECr BF2BMres bPY &lﬁ% Eppafa‘ﬂ% 198 ﬁ%g%e% séagzﬂ:ﬂé ous

standar(il.@? ass chem cal etchi'ng techni ques can used on a
subst r dluéd prepargipiyl arszisheppseonstoictefwntshbsoate ibt Sahstratad6 add beomplwder filling)

i
phabol inetegrezquiity or 4 dofihopiter degmedde citmbaload absay blgora[ for exaNpldreatupi ng
D e Slan i A e er G e oo e o o glase Satdrae. 1 licing pastie
- (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 typicaily comprise synchrotron
radiation in a resist structure, such as polymethylmethacrylate (PMMA), and exposing the
structure and chemjcally developing the structure to provide a micro mold based upon pattern of
the resist structure. Metallic powder filling may be utilized in order to pravide for improved
conduction of heat, for example, when substrate 36 is comprised of plastic. Ifitilizing an
30  elastomer substrate, a replication (a type of eléstomer 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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radiation in a resist structure, such as pol ynethyl net hacryl ate (PMMR), and
exposing the structure and chenically devel oping the structuRd March®®2006
a mcro.nold based upon pattern of the resist structure. Metallic powder

filling ilized in order to provide for inprove duction of
heat , foga%%gﬁgﬂ%, when substrate 36 is conprised of HF%?F%%&D%? utilizing
an 30 el astoner substrate, a replication (a type of elastonmer casting on a
solid mcrostructured die) and nolding techniques can be used.

Addi tionally, silicon and silicon-based conpounds may be wutilized to
provi detaiohshamtle 2868 aftfenfistiisiior atcondBuliipyrpbse chaeb) wd2R, 1epreckived-i ng

| ayer (nqt .shown in.top.vi.ew). .l seale var i £ -ans of
seal i ngﬂ'}?ﬁ'ﬁﬁﬁ’@ l?ayrebk?inaléléﬁnysa@é%hcé@r%g?{ Sieﬁlé%eﬁg%?@i%&;&g?fs?%ghggégiﬂl t ati ons
26 onl yof 464 §ﬂﬁéﬂsﬂ&g$ﬁ§ﬁd£n&i g d#l5the Gléthacionitibmdlyiaboniing broasss ichilithg?24 Mar ch
2006 WO 03/ 035909 PCT/ SE)2/ 00252 station ccElannel s .24, 28 and/or’ 4br st
and/ or bueBemied rewthesminl bersiing, elpeirsiafic bendinggachosive haading, T ?egﬂﬂg R eal i ng
layer i s iRl G IARIStoARElIRSRAY Station
or pl urcg??@éwgisy%%g%ﬁ%%ﬁsgiﬁiﬁsgﬁ l?ﬁ?%glnbe?) 6 and all the inlets and
outioet stimbdrylaildana{Phd$r ocess i ncluding, but limted to, thermal bonding,
el ectrostati c bondi ng, adhesive bonding. The sealing |layer 40 can also
consi stjoess] ot paticuimtembbdilmnsfbhsealingflaps $0 piatako be cohpréed of pielit e or an

| ast like,poly 10 dimethyl si PDVB) , 100851 .| 1} pagt i
et e R T e T e
heal i ngk $8alcingh hadRgnied, MBloesleatic Uatlopmagneif@nd/or cHemsdabiedas thagebsldand/ or a

val ve/l'id which ma be opened via nechani cal, and/or edqe-ctri.gaj{_, and/ or
magnet iaow ferdnipdushuyafeayringeaos cxample. jRo covered apy SPROR 10 19 R3AYIAE 195 o a

Syrl%ng%P$léc%{i%1$mﬁula} B8y FAURLRIMBSRAY fot bRlnhd) iﬁ@gssﬁ?sﬂ&@@@ﬂoﬁr the 15

applica a‘particular assay reaction compgnent, for exanple, into
assay sémdvabof (86 syridgerthe sealinglayer ofll sdifsesly i pegécular pmbedimenth jowekpar wil | sel f

seal . | articul.ar enbedi ts. _hoyever sel f-healing/sealing type of
mat er | 5af'ﬁwnﬁ%fﬂ‘8%w@FP?F1§%§QTﬁd@gﬁeﬁtgﬁ?‘cati on of the assay stations or
portio t hereof .and. .t he vari.ous channel,s nge ot .. r i o only
one of ?@Spﬂg?b%@}&ﬂeeas% Si?luogse%ﬂploﬁlé’ p g’?@’?leal{'g.tg oaflg'g&%lh%% Eesl,’ﬁega %%rb i on of
assay 2Quwdat to@Alyint bEditheembanite SRorfsedling dayerv (. Ror sxsasile, aipertiBh obassgeal i ng

| ayer 40, and a portjon of channel structure can be de .on e sealing
| aper sietigyFsichaessan pyiorgsd %t%Bé‘ﬂhﬁFﬁ@ 3gpr %’é‘l&lﬁﬁfﬂgf@ggﬂﬁmﬁﬂ &cﬁFfée?

Subst 1 ad&n38 carl gl-;gmgﬁz?hitﬁé’ée%gg%& oPQibstBfte. IRIb R HBhAAEBE Balkip¥yediagl upon/in

the substrate seal ing l'ayer 40 are brought together in gr oper
al i gnmemt the culptrete 38cht prstiodanpodioas effeatinwy elements provided upon/in the subs

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

ate

* 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 may be provided at
virtualljr 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,
| Iieptides, drugs, small molecules and fluorophores, for example. Additional examples include a
synthetic molecule(s) from a combinatorial library of molecules, a peptide library a nuclejc acid |

library or aptamer library. The at least one component of the assay reaction may be disposed

1¥)



or other structure. 25 [0087] Enbodi nents of the apparatus 100 may i ncl ude
at |least. one flow controlling element. Flow controlling el enBdtMarchl 2006
various valves, gates and restrictions that maybe provided at virtually
any part ppar atus, including channels as well

conmmuni cat’?(if)ostr’\(B gr exarrpl e, according to a user's des (g}?ﬂi‘?g?ed for
regul ating/controlling fluid flow [0088] Assay station 26 may conprise at
| east one conponent of any number or type/class of 30 assay reaction, the
at | east one conponent including, but not Iimted to, nucleic acids,

pr obes, intddt 4B she asbay kRO BSia LoIG, AXRSAYiEN cadbr Scludad, Bhnis hei linhiegdor t er s,
quenchers enzynes, proteins pe tldes drugs,_ small mol ecul es _and

f 1 uor opRoRgEoussplutiansapabYcats apdiemls.i i and/enegns may alsebs ¢ansidared a5 meaides for

nol ecul brary a
nucl ei ctﬁégépggﬁlﬁlqhﬁaﬁ&g{bdn@%ﬂg e l}ﬂogélgr gle%%‘ﬁlg@éasga?#{ggg% Zgﬁgﬁ@% ﬂﬁ’(r'}!:’-::r'lnt of the
assay rdepaodifion fmathﬁe):l iThp psrﬁchl&r?caﬁ;br Mocactier @@0.6i WO 108/ ‘t&@ﬂ@lﬁled t%GSEI S@02100252
into at, | eas Lone ass tatlog%gwaacgd{ A short.list of carriers
i ncl udeédveRg P’sﬁvﬂwfa Ef‘é‘amp o Ot s ”&’?P’iﬁﬁ&m%ﬁ%‘ﬁ& VEld gels. Air
and{eor 1anga SastByforde S, HE, FOWSIH Hedvatkoakosa it &t EThef®@leastoheciigpmsit seh of at

| east one conponent into said at_ | east one assay station 26 (spray or ink

jet depasabes and/orreghs fox axpmple) mayhe bojwd o thy infema awch@ P gpaycsitiongpdyso
utilized, bgﬁdsaagﬁﬂﬁﬁo ope driven off by evaporation, for exanple.
sto

O her net rive o a carrier, such as ovens, 10 Iarrps | asers,

f j t
cﬁﬂﬁﬁni%“?%ﬂsuﬁﬁm% ik ﬂ“@ﬂ MR 1038 i RSE o vl sphopart o0, |

i nt er natatieny @ befonf boadiag yf the aaalmgllage‘r 40ya meteicdcghiiagoents balanh@hﬁechduslmrpt i on.
[0089] In the instanc ghat |f|cah %ﬁ( au(::1 n gé Is to
be Pun PP R‘éPfHE%féi}’aYE‘r' R “ﬁ% BEFEY 84 it e g i:a %’Fﬁ‘ Y"éy%r 40, a

nucl ei %lgﬁicﬂiliﬂe fuaoﬂ; q*hb@ss@gnmﬂd‘nmds a6l Ad 18 Grivy o cOfieDsf ther S rray be :
deposited . into eac station 26 on the substrate 36 manual |y or

li quid r%ﬁcgﬁbmmwt&s@e adtting thesealinedayer Fonlozgrticulas ahpdipendsy ﬂieée%hqgv ey of f
the c a'iz{y’elefnaﬂ)e Etﬂﬁd bEi%FE%é &?mg SFRY Wﬁ&tw@@%%@ g @ﬂb&ﬁgxeﬁt? fleishgichayer 40.

I n particul ar enbodi ment s sea a ed before the
dryi ng mef nabeesy te btadlwo ﬁ)tl@serabnﬁunentsmﬁh@m%@eﬂmgt@et 4radded diing theray not

need to be dr er, [ ts I d
“du |ngnfr% gﬂiﬁf}%elﬁ%] Iynglng}em?s% e\ﬁxglgésaase al s%aﬁngqa @Iu{:llnz%d ﬁgsfobégprﬁgg‘g
sel f - hﬁﬁylbagﬂwalfﬂeﬂ@sdy&ymbnQS1sLﬂlleBrvzmd;amplaélumiﬁbes/ pr| rrers may be added
after assay station 26 is filled with sanple fluid 56. [0090] The nucleic

aci d f [(09OEThe hldicacidPhdricneid beagiplifledbinclndds, e i91ot lilited oddNAor RNA or RNA
fragments, cDNA, nucleic acid primers and/or probes conventionally obtained by the skilled

artisan using standard methods. For example, a DNA fragment useful in accordance with the

25  invention can be pre-fabricated in a commercial DNA synthesizer. The assay stations may be air
dried in accordance with the teachings of the present invention. Drying may be carried out at
room femperature 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 liquid 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 , contemplated by the
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fragnents, cDNA, nucleic acid prinmers and/or probes conventionally obtained
by the skilled artisan using standard nethods. For exanpl e, amm@%&
useful in accordance with the 25 invention can be pre-fabricated in a

comer ci nt hesi zer. The assay stations may-=be air. . dried in
“accordanc %ﬁ&’yhe teachings of the present |nvent|onPC"E§§f’|2’H‘&sﬁay be -

‘carried out at roomtenperature at anbient atnospheric. pressure.” Depending =

upon the nunber of assay stations, drying may take from about 10 m nutes
to about 5 hours. Preferably, the assay stations are dried in about two

hour's. it &ﬁ&%&ty E&&;g:{@mapmn@%vwﬁé}%oﬁHWBfat@da Aidaddtetsgal i ng | ayer 40

have hy I't ¢ sur enhance the liquird flow by capillary force. A
typi calhyldyajnhohahslhbstansa,lb.gt,phst@ 36 is glass. A nornally hydrophobic
substance such as a plastic can be treated to transformthe substance i nto
a hydrop$d]lFog exeuinsd, almeohyﬂhn@mtarmge fanslip|vathtanywetions grathede dbrhy dr of | uori ¢

acid or sulfurig .acid Anot. h ter the.s rties of a
hydr opHE®HRe/ERdYiRg ¥ a"%?ﬁ%‘?rﬁﬁ’l&t Bﬁa%ifﬂ’ta#ere e} iilige %50@6%?‘5\% 03/ 035909
FCT/ S%ﬁ%@% LHBheR biaifla trédimbits @C&hﬂi@s AfohyfpRrhidsian epahplerglass ovhieti isn, or
by add surfactant to the hydrophobic substan&sw%tﬁg gl astic. [0092]

For 1ex atmpllf:@l}’ chiasteriend a5 kpvipg hudraphdicutiacss.dnay dgitiepts °SHr i ous
- met hods, £ b of {tgﬁﬁfagggnmcgaﬁ hf@o%:i%fc%ﬁﬁ%cte&%@ | Gijdh %Edtﬂxcﬁk'fnfa?ﬁ@ﬁhl‘iiéét are to

be uti§%8 or m Cr o i cations, such ugﬂasrra reat nents or
coati ngs prcfv(iﬂ’e a@paamk md/moamneud%th@a@ﬁragisaw@ hawigg jesiti lgpraojgsistien (ye

characterlzed s havin lic s rfac t he
sur f acésgyeting ?’iaﬁtﬁ’és%? f?r?/ Elhjf 1&@8005 fCY Rt e E&éh@%o&w&gnﬁﬁwgn%ﬁ

char actigbidet tociﬁom&lﬁ{hﬁpa@@& B Tigaredayddeding id ]Eﬂd:ulat aseprs prefaincepibhe at us
and/ or portions of the_ apparafus 100 havi n i cutar ch rac eristics
(Subh sehassof A gaaa REER Fat Tigns gy XBRRpRE) HavE VRS PARBLI t h { he

teachi ngg, I%.EE géﬁﬁla?fagéfﬂﬁwﬂg@fﬁ@\bm% dlff&eﬁﬁﬂﬁror h@an@rc&&ibiﬂ@tuﬁlnﬁ@@mr atus,

conflgure atcor articul ar user preference. The 15 surfaces of
t he varsmfa@smdcrébaprwma atqd@ﬁgﬂgeﬂ@ﬁfcgﬁaﬁﬁﬂeéhﬂﬁ%ﬂsﬁ%ﬁde various portions
(i.e.. - substrate, sealing layer) having either wholly, differentially or
in any (0098 iChatrietrsuch a9, 2andsifrif FEG$ fonexemplermaybesherpicaly echeddvr ed

30 1 n° Avaeneps GRERn Y RS TLE A, R PR WRSIBSERES 2 D0

on g glR&§sndlhakes hovingodesingd ;ﬁtterﬁi tIﬁﬂaIbaEﬁchefd’ﬂhdg; dneymphm$edlmtp mdigsldphy usi ng 20
O e i T SRS Fnnl i s SLELES S o
peroxide (about 30% H,0;) at about 100°C for about 10 min. The slides are then rinsed

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

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

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

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

[0094] In an exemplary method to obtain hydrophilic surface on plastic substrates, for example,
poly(methyl 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) (PE), 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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prepared m xture of about 70% sul furic acid and about 30% aqueous sol ution
of hydrogen peroxide (about 30% H202) at about |1 Q0C for abouR4lMarch. 2008
slides are then rinsed thoroughly by running tap water over them several
times fol d dei oni sed water, respectively. During this step, the
slide is‘&‘ﬁﬁ@f??@yf or total wetting achieved on every SRR 25 sl de,
for éxanple, and that there are no renaini ng hydrophobi c 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 arealareas. In
t he abo@9ﬁémtﬁn hpmpmmfu dutfBceGh BSEnd Y2 bAG 8 parfbLeh@bicri4) 86 foll WBd hepn an
exenpl ary thod to obtain hydrophilic surface on plasti-c substrates, for
exanpl egre upadl y( met hyl net hyacryl ate) (Pl MA), polycarbonate, polyimde,

pol ypropyl ene, polyethylene 30 etc, hydrophilic materials can be used to
treat t[0689¢] Qseitcardydepatdes Trestdgdindpinized watar wntil rerdy fonwieu Befosonsiest hyl ene

i mne) (PEl 0 vi nyl al coho yacrvl ate etc it art. By
coat i ngl(hB}F a‘)&hﬂg‘fﬁln%mgd ot ta};;%%lﬁ(ﬁugraﬁg{g%%%e& PR %t% %riéaﬁg r§/i| ﬁrg Fl‘lﬁ an oven
for 0. SyidovHenReme préciior die@ichle uhited) ydrdoiph el dedphastdt@iabsbhitesarefirthee. now

provi ded with hydrophilic surfaces 19 24 Narch 2006_WO 03/ 0359Q9
PCT/&GoRIBEd by mxidptionsior abont hirde smrysitke lagh rpose &F soRtamiEARRAC 22 and a

part _of i, GhARNEIF admble] GadaBlob QNSNS (B Ry. Fabdindds RilealA0REh ARG allypal ed,
wa I

clean sli'des are stored 1 n deionizé er until ready for use. Before

usi ng, tichlespsidanes,tsygh asaictafeayitiiadprpsilang( GRE rfonexagiplsh ere popaed fregivialdippier e
pressure,..for ,abo. 1-2 hrs. |f r I } re used,
Phe ar gt atoar it Saetintop g soBils R S ReRbEIb AR U TRAR ST |, 02
oxi dat i fagh brashed e sirajedhifito tie ceraDuSignbErclvas for cadefoodbontdft Zminan tewnand

i nprove self assenbl ed ol ayer SANVE ual.ity. Precurso l.ecul es (such
o LondempregnRe Lo Bl o W R e fucrasom el uese Byrs o s BOFTAE (Ors)

for exampica) 30 andbsnns Sshuldnashbphradt fdshi§ wittPdob@: 0f 598 et adi@%LRMCEnt rat i on

in a suitable solvent, "e.qg. ngan-e Hexadecane etc. These are then brushed

or spr ayessife thBnisking enated slidss imberourest ep gvanct abayt 8¢ sbeit 188°GUr 15. 20 i n

at roo pe r r j ] | at e
pol yroroo R AFHRC TR s BAIRG Blgel R LB e B el e

f r eshl yprowiddd. afhixlis oalybn of memt dxemplerytnethatisiknows to these e erdingryf bill intike
finishing cqated sl.ides tqg be cure tt an oven at about 80 to about 100C
for?® a r nﬁ%ﬁ‘%"f&f"ﬁﬁ@%%?}s@?srf’iasﬂ §?8‘phi lic (glass) and hydrophobic
surface reated gl.ass).are rovi ded. ., This..i.s onl ne of many exenpl ary
ot hoddORTb e e AR Lo leeapaye g ote PO Eccnected Wioaly

perpendicular to the upper surface of substrate 36 such that test sample inlet 2 is fluidically

coupled to sample preparation chamber 6 throngh 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 poro-us 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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20 art for altering surface characteristics of a substrate. .100971 Test
sanple inlet 2 for test sanple (e.g. whole blood) is connecte@4 Mzrch 2006
per pendi cul ar to the upper surface of substrate 36 such that test sanple

inlet 2 iﬁof'/“i dically coupled to sanple preparation chanber 6 through
channel BUFP8? inlet 4 is also connected typical | YWO&PERB LUl ar to the
upper surface of substrate 36, and such that buffer inlet 4 is 25

fluidically coupled to sanpl e preparation chanber 6 through channel 7.

Sanpl e preparation chanber 6 is sealed at |least partially on its | ower

sur f ace plgaraticii chagthend. ass adiesiedsuBstanct Ganvdisccie nsechid dixhRdlash blvold 8 Dinsiievacuum
suction neans such as vacuum punp is applied to extract a m xture of
e.g. m&eéarﬁplswpé@ﬁﬁvg}m %‘?-ng buffer and washi ng buffer through the
sintered gl ass block 31. 30 £.0098 The bl ock of sintered glass powder 31,
whi ch i $0PHse vaewm., of Hawd apsrwtipn bipie absodenich dyasested @#em@ﬂégg slagseblpeld por ous

| . ' -5l : : ' t t

o2, TpekNPLE:pl 38 o RS, hARER HEALAR ol AEARLFEESILO,

por t i onElfion treffes aninfeeted mte papdd preparativa chambed 6 aBhlitivy puffea béngtraies intwthdl y fi xed
i nsi de the.ch 6.b | .ght si diff - _that _j he, si f th
ol PR Py DN 2L sl L SR Gt 5b ol Sosb e o™
2006 WODRA/H32808 d?ﬁ[éc\?@’cgrm&uﬁﬁ@ﬁ@it@tﬂe%htﬁh%ﬁﬂ&rcoﬁain%%% ive

substance can al so be used to fix theﬁglass bl ock 31 inside the sanple

pr epar aPERAEALORSHaperd. Sopthomsioreathy ghitignpuldsr contgins BNAaeses ghthinfimere

absor be ' %}lﬁl ggfﬁ] | . cting
t he san% %%%E%%ga%uf egﬁg% ygp %1%1%%%%?@? @%ﬁaﬂﬁfdhﬂedagﬁrsg%gdﬁé%g 31.
El ut i onoflikef RER picsluctyjas bt edilei tnt the dutigl teuffor &tpkis eimeon chanber 6. El ution

buffer penetrates into the 10 gl ass bl ock 31 and rel eases the DNA nol ecul es
f r ons t hiPOE} flaceothér dntedghens shetd io & need ¥or these, of bhalditiohlaf atykmg bhffsr @i f f use

(or by flow,circul ation) into elution buffer contained.in sanple

pr epar alﬁe(?\é\hsc t@ﬁﬁaéft&be CegHAre Eyﬁ%ci’g'?%’r“g?'eatt'h _%?q.]xlts W%B_B?a%@?oﬁb’ﬁ’c”&i ns DNA

nol ecul iegipadituieldither wWha stillAh SnpleQiréiRifatioh Eiintat 6 of QKb RddcRdRR6 R M t he
subsequent PCR reactiqgn and fluqgrescent detection of the PCR product can

be addetsay stafipes addysed thes rip @ patipulgnembodimest, aminiplyeeigelpr and tempsrtiaie
enbodi Neby mbP6E Emb&ide@iMie &L hlky &ftin'8 % Sae b @@&H ih@PiaRd gRnf)iS1 N9 buffer
to |lyse plérlnl 2 I nst eadf t he cel}] S aPe I ysegl ulpi | ZI ng{)lheat : %ge cells
mayde hedivgdt eashasiay shamgber 26nuthatmorg hedtmimyrbeatse mtikizeid td evapors@rapl e
prepar at i [ Q e co cted  into the, assay statjons and
yeod Chef of RIEBE byl oo USSR Eor iR of dund S pn R L
t enper atsaqple 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 fom of changes of electrical conductance, resigtance and other indicators

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

30 [00102] The apparatus and methods provided by the present invention are useful for 2 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, 1o press
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sensor may be enbedded into each assay station 26 in order to perform

i ndi vidual thermal 20 cycling at each assay chanber 26. Furt hh@2dnktarchi2806
may be also utilized to evaporate an anpunt of elution buffer in order to
i ncrease entration of a solute, for exanple anpl e
fluid. Tkﬁ@ﬁsé@gdégr ative step may be conducted at the%@%ﬁdt&ayf’)@gar ation
area 78 or at individual assay stations 26, for exanple, wherein the
sealing layer 40, may be gas perneable but not |iquid perneable, for
exanpl e. 25 [00101] In another enbodi ment, various el ectrochem cal sensors
and el ediaphregih 48 itlerebeagitatuy the elsimstmfifer inetle daenplrdrepaebtidn ichimbez &b aissay

station 26. ili.zing.this odi a,user_is . proy ded .

el ect r oB19EHR m‘?)‘ﬁ%‘% tﬂ&?&%@?@ﬁ%&’ﬁ’ﬁﬁ\é‘“@l@@é ‘?%Utéﬂ“ béigflgra‘@g"l? HFUNFE hin sai d
assay StabilOprepardiith dhahBer®y be in the formof changes of electrical
conduct ance, resistance and other indicators typical to experinents

utili zi neiedjeating 16 dxaRbledehestah O, mgfbéq&(}&\e@d {iffo SRRt raiBR cRrhber 30
[00102] "The "appar atus and nmet hods provi de .bg the present invention are
usef ul therugh erearitleoughoest vample indet 2 sxadysivaliewith bl inl@tdrelassd npbliemativelyof t he

' > ] i | eot | g h
NS, ©ShufilE VP Bt d TSR Bt ¢ BRI RF REoER e Spbl RUTRE R
sanpl e goibgmandfier. Gihe chaigueges Getehrtion Gifdrebiteiningnhekledsed DNA malstules] ahd enhance
i an be applied to oscillate,

the elution efficiency, vjbrating . actuatqr 34
ypi cal 1475 B ERRlam o iepliBE SCmat A SRR St P TS BIBYE HEANSCOR L0028

di aphr agiffef entdd 84t6 RtialY chodty dhmbdiFoahitiemBI shBtiod MdG Bt fluid,
preparation chanber 6 to all'ow nore DNA nol ecules to | eave the glass bl ock

31 and whirethe ghuion bukferdills shanghsr 12xh Ththvabeachigringdso b avpive type Sphisaptretedc hanber
6. 01]8,?\;5!1- ' : [ ks i Nt o
sam[%ﬁ)e repg\#%%qﬁggn%%g%%géﬁgmh%ﬁ?%%gﬁugcﬁ ﬁg?ﬁalﬁ%ug g%tﬂstgl%p (%’ :[hrr%l et 2
excl usiehglop bufferhis prefvemed fronh ekitidg the osanther §2 bphydeophabic valvy 18 thét is ldchtedugh t est
sanple inlet 2 with buffer..inlet remai.ni.ng. ppen .to gct as vent, until it
Te T b et merdi i ddp o pieiclapg PRt RER e o J aefevrdagtiner

cont ai nivgg divemionalsediniohés HEH ApdseFizabed causes exenplary flow
controlling element, hydrophobic valve 8, to open, permtting elution

buf f er [b@xoe] tEfork Micbuffet i cihhber @PHbYs 6RAFRREy fffonsicKidNer $28H] As03®) uti on and
flow pronpting fluid, where the elution buffer fills chanber 12. The val ve

8 c#h dredfopibedolaripgpymeses:(Dde metsr Bisduferdtipvine onf of ehapbes 2diheeis. weans such
as mec A=Yy . [
o ut 1 oo o voRLREL B8 Ao AREUIRE Umiter IPOPiDbE chdite dFofale TRhadllE

‘val ve 18);t(Rhto rewinl ldfet b perid of Hime émlet tin ONA distribisiod homeigehizhi tefore thet i on

- channe lbu%e?r'ﬂoﬁ';soovuk gf %m%rullzgan%a(?) tg ?nc?é:ars]é ﬁmdcc;%gt%ltrgﬁon, 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.

[60105] 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 dodecy! sulfate (SDS), cetyitﬁmethyl
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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t hrough conventional techni ques such as pressurization. [001041 Before the
buffer in chamber 12 flows out to assay stations, chamber 12 24nMarsh 2006
20 used for the follow ng purposes: (1) to neter the buffer flow ng out of
chanber is, to control the volune of buffer f ] of chanber
12 by prévf?)%égldég%}?ce of volume of chanmber 12); (2) to l%cg'll}géilagf(]@#fer for
period of time to let the DNA distribution honogenize before the buffer

fl ows out of chamber 12; and (3) to increase DNA concentration, as
mentioned previously, in the chanber 12 by evaporating a portion of the
vat er i [ooied]f BrpartidiRr @Bstihemg cBSotth@s efaiCampRThiditiani] 06 isBhiically buffer
flowing to assay stations 26 increases the DNA detection sensitivity and
speci fi equplpd tg gdeegtone|fistamdt-prpew chamel 3Gwhigihisin qunmunication vHR AL et ¢ he

i ntrodugtl ' ' : eugh di ffusion
channel gﬁellﬁz%gtagsf%%{g%?{a%abg’% 93{)1%%& ?T%ﬁ%ﬁ%ﬁﬁ?@ﬂ%&n cal g I ncl ude, but
ar e not cdnceritiéeh ¢fFPFHe plarDNA cemeiningsaiople Syid reaghésatcniticBBSY], liguid yettingnet hy|

30 brom CT. L Triton- Twee 0,. NP4 nd_any._ot her rf nt that
does. nobt et hig Bt eaotEfipRopie A o Mt i APl S RABF LT, ' Ane
doesg nobuffel WARB oA BiRy vatlet] @ GlohDdhambirdlZtinte it @tdpifluididemedl ehd fisthen of FPF
i nto chanber 12, a _concentrationg{gradi ent .of nmay bhe gstabl I shed i n chanber

12. 22 Dow b Bt polierueyso shaynd JOd I Eras Giianepaael FHELO 815 HEHPEF 6.cll ar
embodi NEAteShoARRAO the TRWELs PRsEH %ﬁ?iﬁl‘?rg@r&h‘sﬁe shrpns] by%gafh%%ﬂgiﬁh%tﬁﬁi ly

coupled to at l[east one first - pur pose “channel ! s in

comruni wexes the lighidforrard.eSich sunfiase fansion isgenergted aighe enntachiaginebetpgen thad at

| east one ay_ stati o t ] n rat E in the
DNA contaPit g e st R ubie B R eGSR0 8 B0t 36T, g ot

t hersangsbag stativhsR 6OV Withttheaddlitichad the FPF hgiel safibotehdovia loverddnbegomesusear ge
enough-to cause .the_10 buffer to flow through t al ye 18 from chanber 12
into mefhsegRifiiud £q gy te rs@veiﬁan IBPYarfrB‘ftthIPtﬁ%?P rds\(‘f“?lﬁeglanflrﬁ?sﬂ- pur pose
channel g4:3@ns.f1 rst assay station channel 28, and assay stations 26. In this
enbodi ment, the flow is caused by capillary pressure generated by surface

t ensi ongyYaE DuriRVIES cadiBar) bbbtk Ao, RN a6k voRisel n SRl 80198 @Rd hsa@ener at ed
at the contact re%l on between the 'sanple fluid and the solid surface of

t he chisptipnsyrare gt leashpureest ysempigiiuidihroneh gt loagt omgeecopd assayehanmpl 3ds ay
stations.: ' | Bl -1 | I S, | ower ed
engil?ghq@%&%ﬁgl\é%&m&%g%gﬁ%&??%@&?%ﬁ FE\%E dt ﬁ?&%@g@ﬁ@ ?@gsetlc ar?grhr%b%oe further
i nt o althat clidnesls 2t BON28 sndaschy amtiens 26 deainafilied with the sample fluid. To ensure

that all of the assay stations 26 become filled with the sample flnid, 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.ca.n 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 1o block the flow of sample fluid but allow air to 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 venf into second multi-purpose channe] 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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[00107] During this capillary pressure flow, the air volunes in channels
20, 30, 28 and assay stations 26 are at |east purged by sanppd Karch 2006
t hrough at | east one second assay channel 24, 20 which are fluidically
coupled to the assay stations 26 and second mnulti-purpose channels 22, so
that chanh@MP3? 30, 28 and assay stations 26 become T VIR h t he
sanple fluid. To ensure that all of the assay stations 26 becone filled
with the sanple fluid, the volunme capacity of chanber 12 is designed to be
at | east equal to or greater than the conbi ned volume of the channels 20,
30, 28 i lp@;,plﬁ] P ; dddsed from
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prepared freshly with about 1.5% acetic acid and the finished coated slides are preferably cured

in 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 positioned in fromt 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 (to

30 bedetected by the camera).

{00112} At the time that all the assay stations 26 are filled, isolation medinm 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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channel 22. Line depicted between the various channels are only for
illustrative purposes, to show graphically the various chann2dsMardht2@06
spatial relationships in the exenplified figure. [00110] Wen using

oct adecyl tri osilane (OTS), it is preferably prepared freshly at the
ratio oﬁhggﬁg%£%096concentration in a suitable solveﬁﬂ?ﬁﬁmamnﬁbxane,
Hexadecane etc. Following this, 20 the solution is then brushed or sprayed
into the certain assigned regions for curing for about 15- 20 mn at room
tenperature, for exanple. In this way, hydrophobic surfaces are obtained.
When  ugésitiye brasauriaateibwhlas agecsibradvizh pojringe), capiltity few,RlEchdwdingrade by 3M
the coating sqJution is, prepared freshly with about 1,5% acetic acid and
the fi nitewegaribay dgwandigesacyp syilignelngmbpdimmtsgviersn sealingaisr 49 mokxanpl e,

at aboupoBfed (g\ie?@@%m&ﬁﬁ%sé hanAQ WolafGn %Hﬁuﬁ?}{el%%é&slst%%gkﬁgu@gﬁr a 32

detects” when all the dssay stations 26 are . The
di gi t al robetreatispensing, e exaroplepwiachiveuid purghsangde Bwd 66 &dmdia/irstenl@@Dposensi ng

el enent .an | -riRQSSI b Y. of, suj t.abl e,.optics for uiri. i mages. An
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WO 03/ RPCI/ 00252 posifive. suri,zation .(syuch as injection with
a sgsfi %g%?&%%b%?ﬁ%ﬁ ef]%gle},l Edg‘}n}a%{' rowe Dga%r%ﬁ m ed{“ﬁ’egr%%g%ﬁlcﬂs?wﬁ’éﬁﬁand/ or
vacuumh'cswitvs{aﬁ_mﬂ, I_phasemha%iinmﬂ?sﬁcsg\ﬂem@_ | 11§t_cﬁﬁaleipﬁgmicau@ﬁd,é@aﬂg&ryﬁte ang ﬁthi ded
over the nmultipurpose channels, isolation medium e deposited by

cast i ndfe Y ey tve- _?I?Oc‘;‘leaf’%\&lgﬂ'&":l‘Fé,?Uﬁ?rVé%%%lﬁgﬁ@,"“%ﬁ%@ﬁlmﬁ fgud Aot anpl e
Fluid SferfhARANQudn a:ssﬁoswgidaﬂyﬁmé&m gHAE ¥8Cxalable). | FBtnERBABLS, 30 and 22

with isolation nedium can ‘be execut ed sequenti al I&/ or 10 sinmultaneously,
p

and | s e Bleriprs SAneRlvsbw e Emied ool cwed palpnes stk atredi um ¢ hr ough
and | _ _ _ _ ¢ hr ou
anctt ndn D ety Bl M IRk, W el BBk Mool o HGRARG,E O

mul ti - peecpese  Chammadtivetmngeangreataies mbhbe Wihathan[s86t 418 HeghbsiCef ore, t he
isolation medium54 filly fills first and second multi-purpose channels 30
and 22.[00Th4 Esebplatyaritraveidlen (G curabled sdl@ivhankdion Ssuch adygolyaapéniemahitse to t he

el _Ut 10 r(}f::rlljvléll .‘f{e%,r polgn.irgthane precursors and its derivatives may also be utilized. The UV or other

appropriate radiation sources include a UV lamp that is focused onte multipurpose channel 22
25  and/or 30, for example, by a lens or lenses, a UV lamp illnminating onto multipurpose channel
.22 and/or 30 areas that remain exposed after application of a mask having appropriate 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 channels 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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is the buffer cannot diffuse into nedium54. The isolation nmedium 54

typically can be wax, heat cured wax, oil, phase-changi ng pl 24tMasrch 2006

thermal |y curable polynmer liquid, cyanoacrylate and its derivatives,

t wo- part or ultra-violet (W) or visible |ight ol ymer

l'iquid arﬁdgﬁ%(kgg%rrel t materials (such as those typical I%@%@% in glue

guns, for exanple). Further exenplary isolation nediunms 54 include, but

are not limted to, thermally cured polyner, such as 20

pol ydi net hyl si | oxane (PDVS) el astonmer, as well as other silicone el astoner

and | i qumagt bs plovzledie Thepvemting balessandBuslom gag bt progided in sedinpdavat 40 @sasthyt be

hi gher than_about 40 de 00114] Exenplary ultra-violet (UV) curable
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March 2006 WO 03/ 035909 PCT/ S@2100252 provi de venting hol es
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I|qU|dformafter i ntroduction and fil of the mul tipurpose channel s
22/ 30, Tanplecafgneothgr @ten Wffﬁ%pbc%aéaleaﬁ@ mperagycs. éﬂ@@ﬁﬁéﬂd 1ablgggalatiot el t

adhesi v, f/rﬁ%y%}(éhlgposﬂ%yl Sbotic Mhefbal 5k ﬁQm %mfsoast&ﬁoxgr?ﬂ‘%ﬁéted to and

seal e i nterfaces between t |en at nmosphere and fluids (such
as sanpilleroﬂjlldlcchrﬁﬁ

[60118] 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 étations. 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.

[60126] In this embodiment the DNA. or other chemicals in the sample {luid 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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15 and/or isolation nedium54) in nultipurpose channels 22 and 30. O her
sealing structures, such as caps, lids and valves, can al so R& Marchz20060
seal off air-liquid interfaces and it is preferable that solidifiable

seal ant he caps, lids, and valves can endure te ratures up to and
around 1 ?Ssg‘gﬁ}éwseal ant 67 and/or the other sealing s'f‘?%"%"gngorm a
fixed volunme of liquid/fluid in the assay stations and suppresses the
generation of vapor and during PCR, for 20 exanple, and any other ration
that takes place at elevated tenperatures. The solidifiable sealant 67 may
be deposihba@] ¥4 amdrsebudtiassay Whdhiel 2430 thadthé BN Adbisdiedt Shddgcale @i ot diffusk o I n
the mcrofluidic arts. 1001181 |Instill_other. enbodi nents, the nulti purpose
channel. s2djRssPt ResoR Stafionip dhecpserpy skt deay. The Keelatignyeroparty) of thedsplation magiuzg,

anbi ent a; : ' ar aigalell ted
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Anbi ent gir .or. satHr hum.d_ai r or ,an t her hum dit at ur at ed vapor
my be. iR 85t ool s can p et e o bl e AR ENER e
30. 1000a3 SfectAdeinidsinpdsttive predsurizationrtl g éctionapill BB Tlow elédh@wetihg 100 may be
subjected to pressure 30 above atnospheric pressure when placed inside an
encl osurBerBeepplienciovs e YecHR 8&tesr  anal yzer, during anal ysis such that the
evaporatjve tenperature of sanple fluid 56 is raised in order to_ mnimze
sanpl e fIIURYH &dditionally. amaphingsienmay ke added ingrdsr to Wb ayay aflepstgnedmdesiisdi ment

t he DNA. ] I Lhe: : | i | A SR assay
station 0565%?%{%&8%? g%%\;i\%}tﬁﬁinﬁn%ﬁ%ﬂ%%%r% %Jfa qéf&%lee(a g&sbgfpglfﬂgt@ons QG and the
first asswfjonstoatponents Gor24ample,ch a@e06atings 28/ TESHBP beET-SERMDOAHRNE channel

28 -and second as channel .24 so..t hat,.the r. ot her,chem cal s. do not

i t A e ARG S Af SRR b s bRl p b B E R Rpachine

i sol at i @haspdyaieeioh 26 0for éxenpls adddliobind e dhd prticathr hibleduls (BNACK: atanigiéyper at ur es
up to and ar?und 10%0. i nce the highest tenperature for the, PCR process

i s 95C, WS OF BaetoHPOMinR SPPRIRHQI HESTAH Teaslons g Fealiuiier, eNRPrisRd P f i cat i on

step.  JhRdtdMELh@heHurleh/id ot bifesiRe] Mahpfd hid e 2iRipaMRE. t hr ough
conventi onal techniques such 10 as el ectro-osnosi§, positive pressurization
by i nj eghanesls andzassay statipn pndehaanas; ispoviedediim gder toveshaaionspgeifict | ow or
vacyym ' diti I | . in order
{0 Rhon Py Ol of GRS, A8 Ragben TR 0O ppha% BB AERACEE B

non- spesgirfates rianaid ibelgindindart e besdyed fartibe presentd@rabsenvasittbeimolecule of

interest 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 ﬂuofescent 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 compart:menfs 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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reacti on conponents, for exanple, in assay stations 26. This may be
utilized in enbodi nents 15 wherein a probe/ marker nol ecul es aPd Marnchz2006
whi ch are strongly bound to the internal surface of assay station 26, for
exanpl e, | bind to the particular nolecule (DNA _for exanple) that
is of int‘ggg%@.sgi]%pon the conpletion of the assay react?%é,)coé‘%%g%hi ng step,
conpri sed of introducing a washing buffer (via vacuum or pressure, for
exanple) into the multipurpose channels and assay station and channels, is
provided in order to wash away nonspecific 20 conponents of the assay

react i ORgsay BB KOS s RSpdrititin chirfhdp 6 uidlall he af®ANctibh MO by dBondiupf aces
remai n behind and are then assayed for the presence or absence of the

nol ecul grogess inchdingebut livigd &, thermdonding slertmstabie bondieg meehapicaljoiniiaggndt at i on
26 ma Al - f i 0l white
rant oSk Sorice 156 SRRAELeyENEn ol & S SAIBEAICA ORI LARS R0 L e
case whelastic piste,25hermbplatiies & eladomaned astiafitn asbathesiadly acthated iadesivef | ui d

Subbs r a0EcEna e ey R St SR Fr RS or o e, Beediy oy 1"
layes 40:alTRY 120 40RR sBdndt®34 Ae tuRRRfenS UNBGRISOIRE wabdlerths] R€udihgtdse in

conpartnents and channels 20, 30, 28 and assa% stations 26. The sealing
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to about 1 mm. The assay sta?tions 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 dépth.
25 The surface wetting properties and dimensions of éach 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, computer 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 discussed. 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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measurenents/results. [00123] In additional enbodi nents, sealing |ayer 40
may al so be provided with holes/vents that are |ocated at a Y& M=rncho2006
| ocations. For exanple, at |east one hole in the sealing |ayer may be 15
provi ded |l ocation, or locations in the case of a plurality of holes,
over the v@épﬁ%a%’gareas, such as channels or waste res 9%2 for
exanple. Furthernore, it is also contenplated that sealing |ayer 40 may be
conprised of a material that is gas perneable. This would allow venting
fluids to escape, for exanple, while providing a barrier to the |loss of a
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scay STAHThR St FRu e ke PR EH vedled Y APhDG, 0ogfPRoL o

anpl i fi gathaaapsle@fiQy,intugattit, cheniictd epheusaid) t her mal condi tions i ncl ude
thermal cycling required for the polynmerase chain reaction (PCR), [00126]

l\/brepve[oomsg BivaddduRF Aabeiiaeig dd@phra®t ma gotbe @s@Mded witharsinple, the FPF can
al so be added through test sample inlet .2 or lnlet 4 to elution

. buf, )
buf f er PPN e Vs prepBaioe! sampls (Y iSenpgudies I@%/r““é‘%g eRiATYSE02/ 00252
Cha”berco%ﬁg&ﬁg@ds%&ﬁastt{bﬁe ?T%ﬁgc‘ﬁédiﬂtﬂ(}&%-ﬁﬁﬁﬂae%f&% ib@ Eﬁwi%ﬁd. yiGhis case,

there is n for a 2, channels 14 and chanber 16. This chip
desi gn substsHioihhasat Easto®: aseay stion 26 hpdpgin companigatiapdhgetgadinghassay he functi on

o Vi B R L St O o AR iCes o
i's 20 degimmalication withtecpndsahiperpobochafie®2. Rmidlermio®, 2xerilany eémople solnigon
o e st SRS R i g e P oo e
embodiment of FIG 5A, a reservoir 45 is depicted in communication with first 30 and second 22
multipurpose charmel. 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 particnlar 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] Insome embodiments, first assay chanmel 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
eniry 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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hydrophilic, there is no need to use a FPF at all at any stage of chip
operation. In this case, since the sanple fluid is aqueous, P24 Neirch 2006
into all the channels and assay stations by itself when valve 8 is opened.
Bot h valy § %nd val ve 18 can be operated by any neans, for exanple

mechani calQ %P8 ri cal , magnetic, chemical or pneurratl%c'r’@”f’@ézl%l In
particul ar enbodi nents, the apparatus may not be provided with a sanple
preparation area wher ei n preparation of sanple fluid is conducted

"of f-chip". Exenplary configurations such as those depicted in FIGs. 5A-E
may Fhefrgﬂé@ﬂ Rithfh BEQUlad8826 dsbamble R 5EHRRAD afaP &attdS267ind bRRSlallp R0 aSSAY
station havi ng i n conmuni cat on thereto a first assay channel 28 and a
second essawesationshseel 24, Additionally, isolation media inlet 42 is provided
in 20 communi cation with second mnultipurpose channel 22. Furthernore,

exenpl af0p13ynplbae St assposiationchamed28 is éemt@tbeXpmplaﬁh’émrdimanum aicaulion wi t h

first multi an In t t_ of serv0|r
45 is d‘éTB? eL%%bﬂDﬁS%é%Mt@tslg r];fav? & Sga)ear{ﬁ b Isoé%dgﬁgo‘ﬁemf”?ﬁp |pur pose
Channelmidﬁhizb@mﬁ}ﬁlbyiuidmfﬁﬂ@tﬁftoﬁﬁﬁﬁwn@ﬁ@bse@namemmy station channel s and
mul ti purpose channels are shown, any nunber of a plurality of sets may be

proyd dego189 MAYGIIR B bitwn 556kt by efatidklchame] Readjicent @egdover particul ar
areas according to particular enbodinments as described previous]y (not

shown JBBlIPEPPEhymel LS fay beproyidetpith sydaep hardrleristnshay arearpsrauche fude
seal i “9%!6 ?ﬁ@%f?@nﬁ%cﬁﬁﬁdﬁ%a%&ﬁ%ﬁa@bﬁt 408 rRftiboke Manhd] 20 HHYHAGE b QR W th

one or ti“pur pose cha tor exanpl e, depending upon the type of
assay ticealyé to proviiad hyddophabivesusfacee il 814 angbodiment, iff stwpletsalution 156 islge utilized in

t t 129 di fi.
Channel b Suldol M5 Sytien S iAo Ry SO ST ME SR Mo, o=
chaislnelzllednd fgstS xgﬁlﬁ\v‘pmqidﬁe Hiaﬁl&% Evhlaﬁ'llltl?hlf eduphchak ?ﬁrﬁpﬁlﬁlﬁ:&uﬁw or flow OL
Sa e ul er station us all.o e ar ein
di 2‘& acdaractgrisfics aﬁ’ﬁP’gﬂY’ oS LAl $SSPNE bémgﬁg% m%é]%lseﬁ k
conductiggrdphiie Uaiticee ?&%Sim_i@% aYarkhia S8tonBaRRB ko e%éo@r}aumﬂhpose cha@eiond

mul ti purpose channel is reduces the |ikelyhood that” air pockets wll

form ar&ljd plepRduotp Wi@m@m@wmn%@@mdmﬁﬂbw@@@md@m@p @édts m t hin
ass ay chflap?xﬁgocﬁieﬁgﬁg)(i gxtc{ehlllﬁ ﬁ (35 qﬁt}m@%ﬁuﬂt? L 2@ @T%ﬁ o St as g ay

eventu assa Ion c anne
st atoi 0 rsecr.nhd lamy c%nelﬁ%@ﬁﬁcﬁﬂcbdulﬂpmpﬁea;haﬂnyl e ILASIdﬁplaEd hawtiondg Caf sécondil ar

00 S5k LR AU REABIRH bl SRR BB LR B ¢ o
- mul ti pysERSewsaRES) sh&Qn in FIG 5B, C, for example.
[00132} In the embodiments depicted in FIGs 5B, C, reservoir 45 may be provided with
absorbent 5. Absorbent 5 may be comprised of at least any one of cellulose-based material or
25  synthetic material, polyacrylamide gels, particles 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 bein communication with a plurality of terminal portions of multipurpose channels, it is also
contemplated that terminal portions of the multipurpose channels may be in communication with
exclusive reservoirs and/or absorbent 5 not in communication with any other multipurpose

channel.
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10 [00131] In FIG 5B, a portion 50 of second assay station channel 24
adj acent second nultipurpose channel 22, may be provi ded w t B4shtdrebe2006
characteri st ics that are non-conducive to the flow of sanple solution 56.

For exa %&gg gnd mul ti purpose channel 22 may have or be treated to
pr ovi de E} obic surface. In this enmbodinent, if SEfi%"%HA ution 56 is
an aqueous solution, the sanple solution 56 will flow into assay station

26 via sanple solution inlet 15 21, and first multi-purpose channel 30,
which in this exanple has hydrophilic surface characteristics. Simlarly,
the sur [me&] of orflerrts Eeaﬂaasaystma aaahola&naniudlmszaﬁ alwddi 16 flowtnto drg0 have

hydr ophi |l | ¢ surfac oy exanple. Sanple solution 56 flows to second
nul ti pu RO P‘ éé fs%llﬁféP"sI{*eélﬁ-Bn SHmey bpinda ﬁfavwwcr%meﬁv@%a@dannm s 22

hy dr oph b fdafdd it GarllfE RIS hdnRldr the %stmﬁﬁwk@mnﬁ%xt é;ﬁ%h{ rlsam%qpéams as

depicted in FIG 17, the abrupt expansion o anne aneter from 20
second é%max/b@mandmedzno ﬁmtmmmommmmwohhm@mmm &repi ct ed,

por 1 oneaf il ARSRM R RIS SR S S SRR 2P,

FI G1b6B, inf3t iISﬁray eetaera kigal of gﬁﬁ@ﬁboéﬁms B%@}egiﬁdﬁiﬂgf@ﬂtﬁﬁbd %dgl lﬁlbﬁlgr is@laﬁdgﬁs 5B, C
reservoir Vi sor hent sorbent, 5 may be

conpr i sBgHHR agnﬁ/q thrI(g g’h% grremberimenty der ayaepls, %@eﬁmmﬁm 35 synthetic
mat er i ajsplatty M&ﬁﬁﬁ's@%@%e%oﬁuce@%fatdn%@@2% ShiRONRHD ATRLENd Al %Bgés%r voir 45

may be sealed by sealing er 40 or may be open to the atnos

Fur t her b raéheém@ mhtsga sqcmdjm ipurpeds sl 2cthatihemderdiede B@rﬁowaafmwnﬂenc over ed
by s eaI

or ovi de so t mﬁ 94. Qﬁw%&?ﬂ:!: ée f?ﬁgtlgj n C%dlﬁ/m %Xv)lot oﬂjr scrvgs%o Sot: assay

Addilg i catesiioh 26, M‘leﬁmpﬂaabwwsnlplrov%s fndheatigdackaeait oﬁsmp% fhed 66 froddahbict ed as
belngof ufficient sj tg.30.he in co lcation with a plurality of

t er mi ngP¥! LFP?SSr‘fEaWFP #ﬂi%qe e“a@ﬂlﬁﬁlﬁw m‘?‘ﬁﬁ‘?v&t"e{‘\rﬁ?w%‘%t%pl ated that

t er m nadveRPlifiddINFTIGKA] ﬁﬁxcﬁ‘ﬁi&ﬁr bPMEPAS Be SRAANAIESse BB 1DRr 4NariGRIPUEAL | On Wi th
excl usive reservoirs and/or absorbent 5 not in comunication w th any ot her

nul ti pUdohesvain ghsarheatS. 30 24 March 2006 WD 03/ 035909 PCT/ SG02/ 00252 [ 00133]
In order to seal assay station 26, isolation medium54 is allowed to flow

into filp®B4] rﬁl’letdisﬁl?ﬁ%% dessrbpdise fzaesultsiaithe flonofreapleriuihSteuy obBrst nt r oduced

Vi a,var, Iﬁﬂ@"ﬁ& C s of the

N ng%oantnlll ent Fgﬁ&ﬁ éixdgv%% m{t{s&g@ i l(,)Mr‘%&lr}r% g\gﬂéfﬁ%ﬁgéblgﬁj?\nt roduced into
first mp}blicamn @h&éatmathmbﬂ B3O the a:cmrsiahlatijmposaehhlmehmmb&:relﬁ the isalatigpar t i cul ar
enbodi Iﬁ%{]dt 5y dlsp?aces nc%ngmele Iﬂﬂ1d@6%t Eecaﬁ d{\ﬁf at in th?s em'?alo exlzt tﬁg guré’ce (I)fs ol ation

medi um
' second mulu-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 miltipurpose chanmel 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 channe] into reservoir 45. This results in the partial sealing of assay station 26 at
the lower 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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|0 inlet 21 may serve a dual or nultipurpose as sanple fluid inlet 21 and
as an inlet for isolation nediumas shown in FIG 5A |n othel2feMurdhn2006
for exanpl e as also seen in FIG 1, isolation nedium54 may be introduced
via an |nI or inlets that do not serve a dual -purpose but rather are
inlets to" 8‘8‘5‘5%‘ nul ti pur pose channel 22 that is condutfRF®EPhe 1 ow of
air and an isolation nmedium54. As previously discussed, isolation nedium
54 not only serves to seal assay 15 station 26, for exanple, but also

provi des for the displacenent of sanple fluid 56 fromfirst nultipurpose

channel sfionsTR 1 apbriEacht SAIRI2andy déta@a&@nfmm ot & doft of ERSTEMBE T 45, as
exenplified in FI G 5A, which may or not be sealed with sealing |ayer 40

and may igfo Hﬁ&ﬂnﬁt@ﬂw@?@ﬁ{lﬂpﬁ 1&%@%@@&1&9@9@@@]@ Z%h dorgrarpplaes A Mescr i bed
so far r@g hts in the flow of sanple fluid 56 out of first 20 multipurpose
channel However, addi ti onal displacement may al so take place by the

appl i cat 0 I 5 t he SE50 d ol £ e channel 22,
wher ei n [{)(ﬁgql %‘é[)q}gﬁl hiC%P]I ghag’lf ﬁsor 7115?1(5:8%“%0%6}3 &t liney l?ﬁ ou%kR , but air.
Recal | tchlamumnaﬁdmv&ﬂeﬁl’(bﬂﬁﬂtlmﬂiosddhmw ﬂ&ﬁe@ﬂﬁfabscﬁ'moﬁlﬁrom%i for arupnRE o€ hannel
22 may be inher reated to be hydrophobi exanp and t hus
act smtoeﬁc(EFStsa’Enﬂ?Ee '11%@’8 &Pﬁ %ﬁﬁsguﬂtﬂiﬁe&ceé%/lsa’ra on m‘Bﬁg F F’cﬁ?&%ctl on of
isolatig ﬁplmﬂinwa&%r%ts a9 alsh BroSRE mempml@ﬁnﬁg%eas@amh 96 of B8RS

therein 1I's displaced gus assay station 26, or pluralities thereof,
are seabénromsdlrgaﬁnathpé‘muﬁmg fpred apfakhe dolurmhg @ samnleébxybsﬁ in e rexpedive firgf

evapor a I tation
ot ot plufbufpte GRea. ROACYDIMAN e ARRENGpBlePHE R RIEH ol

medi um 824 IdJGBE thebssadsiatieds hove beetﬂaqdbchmd tbeatsorbeins femmuﬂpmha:rﬁt@nnel 22.
Accaording to t odi nent de tedJn Iat|o nmedi um 54 is
ot Hoquea b ¢ Copianel gl B‘%‘F@B‘l"&f&%“"&géhﬁi’sé’oﬁe BASHST 18R ¢ he 11 st
nul t! pugm%@dﬂiaﬁj}pﬁm,«glmMleﬁlﬁse_rv0| r 45: This resul ts in the parti al
sealing of assay station 26 at the lower hand portion, as depicted.

| sol at i o137 UAHeriBWeleRRBditdealy rﬂa@&;ﬁbvﬁi&%@ﬁ tB@ﬂﬁroéu&i@H of ﬁlﬁlﬁpie%@ﬁ?c i 56

comruni catl on with second nmultiplrpose channel 22, as indi ed by the
ar r ows, inple chip, o%ﬂleﬁ%féplﬁlﬁéomﬂ trfepicisd ipBigd 86 Illﬁfﬁ?eqom,!@ﬂ sagosgl aci ng the

air the n?h?u tat.i on 26,
resul ti ngfumg%e&%glr% gj sea %ﬁ%o IF Qg%g’g‘g?is nss ]31% 24 March
20080 WlaBlitp 35968y ﬁéff(ﬁlﬁm]kﬁmmnumﬂabmwnhapmalﬁh oﬁsepmie(ﬂrsne nt, inlet 42
may act a ven ot as,a |nt for. |on of
"o at I BATPTRTE AR B bRt 0 et 3 ik it Sl BALEE 0 S hown
in  Fl Gngiffer from one another, may be mtroduced This provides for assaying/testing of

multiple/different sample fluids on one apparatus.

[00138] FIG 6A-C depict an alternative embodiment. In this embodiment, éssay 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). This is shown 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 assay channel 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 channe! as before. However, isolation medium 54 now is

introduced to gap 64. Isolation medivm 54 flows to fill in gap 64 defined by isolation medium
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[ 00136] FI G SD depicts a detachabl e absorbent 5 conmponent, that nay be
bought into comunication with the nultipurpose channels. HePe Mdreh 2006
absorbent 5 provides for the uptake of 10 excess sanple fluid 56, and may
al so upt %(é -ﬁ@ gs i sol ati on nmedium 54. Further, the | i cation of

absor bent §9 |'so provide to speed up the fi 11 ng olf 209%3% ation 26 or
stations by providing another "pulling” force onto the colums of sanple
fluid 56 in the respective first nultipurpose channel. In FIG5 D,

i sol ati on nmedi um 54 has been introduced via inlets 21 and 42. In FIG 5E
the assajfEipé0 e gq@kee@(m 2§ SRWAGn Blagretd 18 FADSOr B BD depic® MY AllingAAW havi ng
15 excess sanple fluid contained therern. At nentioned previously,

absor bentalige pragesafrom aragss secaibrd side diewwe Fid GC. i 18| Bt depistsieisi pempbay [ 00137]

Al t er nat e sanple
Fl ut do. SeORERRSEEBRLE R B EUHE RO abHPobthl RRUAL oot ® 20T
Here a 64mmon second nultlpurpose channel 22 is provided in conmuni cati on
with multiple assay stations. The 20 plurality of assay stations may be in
comuni o 3% Nnvintbodineptsimiedd 4 yonadolidi€iptle Bbkitibn mediumdlid utjlized) asdiscladomel s,

f I h wh | | ui d whi ch
e R i b g LS o b B ™

assayi ngleliggt d?f&rrﬁfm afidkd A1 Qlidishhenenio1s ?dﬂékﬁnﬂlé h &ﬁeﬁa sQNEIT ARPAbRTUS -
[00138] FI G 6A-C depict an alternative efbodi ment. In this embodi nent,

assay selbthe Gnidipeaths (cf@sn@& andiiplets) frem érepioosphierel anidetricted inarside iyipvhiol 18g 66

formed shown
o 07 B8, O B B LRl FORI R SEL Bi bt Sl
st at i onliguidinsiB6the szh@homo mmpfesslt gfbﬂ‘génﬁﬁmﬁuhgﬁ ECRqubgthgrt;gsgﬁ?: atreéevp‘reld\é ;gl ted

[ \

to support isolation i t

t he % sSPPLRETE Shelo8: 788 b oo A Ve t&aﬁé'ih%%mmﬂ?w ahedtye BT RRA rent s,
sanpl e fiduit Fhd2fasiomet Rl eRAMNE A Hdidhally, 1Sk soDdl Al RS SarChabR@Lhidkd30 and
flows and fills assay station 26 via first assai@channe 28. Here, instead

of fl1 ovitiiging 6aRs, h@Seeelé/ﬁaVﬁmss sy pedared sembingiionn Hidp prefosied thet Tofidibiablse i1 | s
?ﬁsgygsggggﬂtga a8 fefl QhpsSHA RIS Ml coltDeriadp ?L&h{ fyplvent 66, as seen

ubseque tly, I'solation nediu aces sanple fluid 56 in

| nt o U0 AR OB ROE ety DRI, B T4 ot ned

by 20solmtdivm plla‘é’dirmﬁ@ Boutilived il 260 6tath 031 63bB0LNETYEEIA f@:@ﬂl@&rjpl atform

60 and sealin yer 40, .as r ss.in F C. Fl icts
Ohi o imerRi O AL it e 0.8 i be bR Set. Brd et B B IR o i ¢
- 6C. Fi diispbded dapétBidntd fthBnEiParAl oy shown in this fop view) to cover assay staﬁon vent 66

as well as ontlets 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

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

[00141] FIGS 7A1-7C4 depict an exemplary sequence of filling events. In these examples, first
mﬁltipurpose 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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enbodi nent at the point where the sanple fluid in assay stations is seal ed
by isolation nedium 54. 1001391 I n enbodi nents where a non-sol24Marehl 2006
i solation mediumb54 is utilized, and isolation 10 nedium 54 does not
solidify, a solidifiable sealant 67 nay be deposited all around isol ation
medi um pI¥PP¥EA%0 and into all outlets and inlets 21, P¢H3C0R%ADIe, in
order to seal off and isolate all the fluidic paths (channels and inlets)
fromthe atnosphere, as depicted in a side viewin Fig 6F. This thus forns
a fixed volune (of sanple fluid 56 and isolation nmedium 54, for exanpl e)of

l'iquid inside .t k 1R hE LigndrOR and
ot her r ecste‘f’c’%% aa? ¥ %Fﬂéa\?lact}lg%eg%i fﬁg%gg ?g‘?%&régﬁggg%lg%ﬁg %éj% can be in form of
wax, hotsubRlientiy i aisivin in F5G 7BhthER4, iselatiomiinid 54, fevipgbeen ihtrefuret iafodhe| ast omer

for exanple. Additignal this soli t. .effect £an al.so chi eved
utilizi Agst %@PWF%@%&%‘&@W&P?@Pg@W arasey 8ot i@&’rﬁﬁ?’&ﬁ? ?eg‘%f@l t is
pr ef er r ggidRRfosStahsli b a8 thesdifb@ites AluiiceWhirhcteaiss bdnvetd semad or  val ves
endure tenperatures

| ug to about |100C [00140] Turning to F{j‘? G %E t her
exenpl amyltgumoseehaansl 4 (in Shisiepmplcs Bydrogeplic) 4ud dhe£p05q 259Y @ fLﬁ%ﬁW orm 60
S toutjdl ' %ﬂ%ﬁ?ﬂ hegne 3 enpl ary
posiqﬁi 0 Jg\kloé)?lﬁlg)s'?g%% a‘%lly%%gc gﬁﬁ% .g]ﬁsnegce tain %0%?1?%1:@(

sol i di f imadifaee berabarthe Gnpheafuith 66 indthe st @sayditation thayneZ8@nd dwlisolglionayer 40

(not shown, in_this top vi.ew) to cover assay station vent 66 as well as
out | et 7% ﬁﬁl@#&%ﬁ",ﬂﬁ@‘lﬁ%ﬁ&@%ﬂ?gm ate all the fluidic paths and
provide_a fix q| une f. fluid, as ai.l ed abqv f.romt he atnosphere
and t hul0U 3, fﬁd@éjcﬁﬁaﬁ’{}% igglptin i gﬁ&?‘ﬁbg efe“i‘g“)ﬁf“ii’fi&%“’("%‘édﬁp| e fluid 56
i n assaysitfobdhinnel 27, 1R%8 MRk &lrout inB Afshlabesias ailewitasl TRl@y of igdlatigequences
of the filling of sanple fluid 56 and isolatjon fluid 5?1 ma revg‘*{sed.
[ 00121] megies SHAbrovehischensi e ipHPesechpnelry complyish & sealingio ﬂﬁeﬁélf%% s. In
these eéﬁ%&&{% s %@%enﬁ%}iﬂ'%u@@?ﬁd&ﬂﬁ%&m@% arld Sadpledifl Segend assay

and 2 , as wel | h

channel , as assay station 26, have hydrophilic surface
char act ebistantiatly immicibée wittcamrechnnthiby, ilpe providingetsasl nbpoigs whess theyeschyweophobi ¢

surface. Ln pardt.li r. enbodi nents,. at | east r{io ' | ayer 40
| ocat ed® %‘8‘55&1 ﬁfﬂ%%\ff’b%?g‘plﬁﬂﬁﬁmgg eﬁig’g%gm ¥ rg%hnol ?1%503 31?%2&(?2.94 [00142]
FI GS 7Addeshst s6hdify dtpittiodation keohiutipyrpbieahaantt 2Diant Bdoseamelecesolider ei n

sanple fluid 56, having been -introdyced jnto first |.tipur e channel

30, 24 | oses! may brrghizedie SF?%IﬂFes‘D{;ﬁ@uﬂPtﬁP e%i@?%?%@’é‘”ﬁgﬁﬂﬁ? 5@8, M st assay
station ;%O&'EW% orRn @Rt SYansioR bf AthpREui@seathldestenptanas. 24 March 2006 WO
- 03/ 035988 PCTI 700252

[00144] While FIGS 7A1-7C-4 depict an exemplary sequence wherein a plufality of assay
staﬁons 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 filled. In FIG 7D1-2, the filling of a plurality of assay stations may be accompiished
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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t he second assay station channel 24 and stops adjacent to the second

mul ti purpose channel 22. Subsequently, as shown in FIG 7Bl t @47Btarch 2006
isolation fluid 54, having been introduced into the first multipurpose
channel 30, displaces sanple fluid 56 which does not flow into the second
nultipurd@ggmgﬁgﬁnel 22 due to the differences in surfBc@SeR¥aP2& teristics
bet ween second nultipurpose channel 22 (in this exanple, hydrophobic) and
t he second assay station channel 24 10 (hydrophilic). This results in the
i solation and partial sealing of the assay station 26 via the interface

bet weengihge §EHRERs fhhitiEr RPrbdedeflfeslahd fher8sRNViT BE isg%ltiglgﬁl@?% 548,8nd t he

isolation nmediumb54 in the first” nultipurpose channe . [00143} 'In FIG
7C1 to Beatlized ol eanirdilomespeethf@ 4xample ng been introduced to second

mul ti purpose channel 22, flows therethrough and displaces the air wthin.
The f1 of00d45]i bdddition kv thd Fillimechind e Bihg styuencghdes@bed dbovg) tevpendfdbee aftifnnel 22
conpl etes, .he seal i of. the.pluraljty of ass at | .. AS nti oned
o vt oupition wfia oA i iR SaR atletp e R R e tied, 1B s iotBlin | ol 1y

i MM sci inphloMidil 56 BentedBAELHE bs abbhié) SndfilydsshyREitian S&€at a plur{lBy hbRofher e t hey
meet, such as shown in FIG 7C 4, for _exanple. In particular enbaodi nents

whetki nSybseusntlyp ffoleten madisu S4dswéroduced i engiof e amlgrurpase ehsapels askis i nt o

mul tip I : 5 s v be
T DesBae B IUAG o/ Gpofiertid al i SRR fius F?)@*r Sgﬁégéﬁgﬁﬁe%?ﬁg Such a
sol i d beerof geir spleeseeled by w aplotifiefeine atenni rosdiver, f@epample.ofulstqwatip islatibui d 56 at

hi gher tepper, res.. ] 001441. VWi | e Fl /A -7C.-4.depi ct..an . exenpl ary
se-quenclge%rs gi Vglgﬁliﬁ‘{f i%t é‘f%\lfenggo gﬁg?%éﬁgmiﬁgmgg%egﬁsozatuﬁl in%ﬁmghannel S
ar eI fi ras isfthéd @ddu&ddhnﬁalm@oéih%mdl@&pml hambb@dg@?\t,\ﬂﬁyuﬁse@lﬁﬁdy cM:}:cI h
isolation, medium, this |s not the only sequence .which the at | east one
assdy SPHrB Y@Bﬂ@é};?#&@% 143 goRencs of SF‘P@G%B“’P-%UXE*@UPP eflig? ern

pl ur al idyyigds BeBatseth ¥ry URol¥BYIRRNFFERMR! KRB sa\RBI0AL Pnd@hhefUkar assay
stations (and assay channels) arc sealed while still other assay stations

(and asdaydydHied vathspmple dluid S4andibounded pa gessidsiwith ¢ substgntialiol seaded] dnd golidor
exanpl I I - . af | channel s are
ol T onayifrBdEafleel 8 Euoafidon SR Bl {3202 o Rh LA S B00 cRNR BN O
assay sidtipuwposanbhnasiseay elzacmglshaidilizing bedebiotceon byesquag dpoalidolatisral ed by 30

i sol ati on. medjum.54. Th i , . t ypi cal |
ooy U ChEPRIRNSHEPED ke R N e HEOPRErG FARANE4 T nto t he
first anghnSieCAER did kiivs BUt BfRE: 16 AaPRSent. Aakkirbiiaadbd the ust dffveryamichal

application of differing types of jsolatjon nedium 54, having different
f1ow chplation aedigisdhat maj peguirp propsupization dejbesapplisddn pider fosthasviediodhannel s 22
and 30, respectively, ma also be utilized to control flow.rates through

nul t i pl@Hdele Nematamanzdo FEQ 8 sicpemplary aiafyees sesiam il shawn. o Thispxasploig 06

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-mirror 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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WO 03/ 035909 PCT/ S&2/ 00252 surface treatnents that alter surface energies
and interactions with the isolation nedium54 may be utilize@4 Nareht2006

fl ow speed, for exanple. [00145] In addition to the filling and sealing
sequences‘xﬂﬁ{sj%ri ?ed above, reversed filling of the isolation nedium54
into the 93t pose channel's may al so be utilized. |HYH%URAnpI e,

sanple fluid 56 is introduced, as above, and fills assay station 26, or a
plurality thereof 10 Subsequently, isolation mediumb54 is introduced into
one of the multipurpose channels and is subsequently cured and/ or

pol yner jgad7pnwilcarthedli tofié BlilmitatsdbyRlctithtiduiete 390, a¥msladidefsts fi@vi ng  one of
their sides sealed by a solidified isolation nmedium for exanp]e.

Subs equdHenescent aypsian igages @ fom ablpr esalerinf thanesay stetons 264t pamegre lops 522.

conposi h%fb!?e i %H#g*l%hf :izro%éach&ttf;é)&ﬂ&?adleﬁssﬁ‘z a h&%&is '@g%é'mﬁlte? 10 {hétbﬁl'&?g‘
conducted 1nto’'t pposi ng multi purpose channel and” may be subsequently
cur ed 1butadictioar ligiv apdrenty 2Bolvsohardinf spedruniléfi ighsagtiehten dfe fhanstat iyatod 56

and isol ati.,on nedi.um filli ovides for . .the use of very viscous

ool at 1 B HEGTRY PR e e e 5B R S i et S S S PSR | oo
Wi t ho sagip €04, lakthéligh4heshefdBaREIQEwARN BITE2 BMdEGW dbBveths dRipt ent Askdownsgal ed
and solid nul tllgurpqse channel , the introductign of the secorid isolation

nedi um BY $:fpolelnamakisten of oA the defection mpy bpatrioried pdheendpfsishshed
utilizi : i t] i appl i ed

S econda’?liglinglla{1 %géslgﬁggefsglrgrp ghi? i dw\?\ngl qép?%r?glﬁﬁje?rfo gilg gegc@ ' g? g%%?%g and assay
channel snabzed 28 therftiotdseent engssienipjeasity 4 thedompdmafensindssay Birtion,ghoshadeand or t he

use of very vi.scous .isolati nmedi uns_t hat require pressurization to
be. appl 0GOS B FEPssionImpgRan ts FHlo™ e o] NG MRSy R aisin o
exefp| adnyd dangiryceedingsys t@ifollad Bhohudwalb tehtekampurer 534 whieh is ootheaicdyo use ful |y
when utilizing a fluorescence-based assay, such as, PCR, for exanple. 25
Dur i ng GeE 34 WecoBperteaP2¢ pd ta ks trnpsrayresnirdl svsient gkt Bromrgstorgghandio al | of

the chife fufdt Haddlidd dystBth R8¢ BF cdiedty BYCi tation light source 500 having a
wavel ength spectrumriequired to excite the fluorescent dye contained in

eac aslg@ms? LGS andG0 ﬂﬁﬂ%at@éﬁén’gﬂ%g%adgeﬂﬂéﬁt o?@%no%é&ﬁﬁon%%% gf‘&]{llaﬁ;giy'rzgzplt ect ed

filter 504 where it is reflecte optical halt mrror
| i ght 508epadid@? shewy pishematicaiesk aiagram of axyeiom3n whighd light teamt whichowny
statjo ntire.chi S, BAC J: n u 514 for
. thzirdnnlrhsag%%;{}lr? 5y aﬁ'ﬁ}gcrﬂ%g(%rp%e(l)qﬁgrfcgﬁwl&% %gﬁ}l?cgt\?{é@ sggcht%lé]n%%%ﬁ%ﬁo é&gb ntrol system
- 516 i n ittaninates bi least uictabsaly Istatiolh frorhaitet onfepns fhe beiond L8, BudD dedigretidaegs W t h
the chip 100. The., .enclosure 514 o includes the te rat ure contr ol
Syt emBTBOLEE LT UM EOR AP S Ay Sb S AT MBS hich 25658

collimator 532A and a filter 534A, and then strikes onto chip 100 having at least one assay

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

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

- [00149] FIG 10 shows a schematic block diagram of a system in which a light beam illuminates
at least one assay station from the top. Light emitted from source 530D as an excitation beam
30 passes through a beam collimator 532D and a filter 534D is diverted by dichroic mirror 541 and
then strikes on chip 100. Fluorescent emission from at least one assay station is imaged to
optical sensor 546 by optical capturing assembly 542B and filter 544. A PID-controlled thermal
cycling assembly 538 and a two-dimensional translation stage 536 is connected to

.. microcontroller subsystem 550 then fo main computer 548.
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WO 03/ 035909 PCT/ SE2100252 [00147] When the chip 100 is illumnated by the
| i ght source 500, canmera 32 detects the fluorescent em ssionZ4nkEaehb2006
fromall or a subset of the assay stations 26 at canmera | ens 522. Before

t he image%)i:gh% ;20 reaches the canera lens 522, it passes through filter
510 that TPPYErP%’ out all other Iight and only allows 2% %pect r um of
light emtted fromthe fluorescent dye to pass through and reach the
canera |l ens 522. Canera 32 can be | ocated either above or below the 10 chip
100, although the canera 32 is showmn in FIG 2 and FIG 4 above the chip 100.
As showfoo160] E BG3,8-10Q500°%R 530Hkhifsb6oé tmrbeisefNAEDS (MEDIREAG bt DAmpRY be
performedwat ;‘ge end of each _thernmal c%/cl e or after the anplifying process
has beefC¥frPrsrd)- Bepmpradkimgor SpRds pratsryed lopollimaigthe gutpet lighi oo Hght sgpices cent

em Ssi 0834, NfiRhehh ofimatd} 833 %%ia%g‘aniﬁcoﬁ@e%hmé?ﬁﬁ% iﬁétﬁ-lcie,%t?it c%ﬁ[ﬁlﬁ ape and

| ocation of the em ssion Image and the em ssion intensity e entire
i magi ngeomipationd sdveial pptival chpammitstattpasderseesdénses incajumtion withedtiday a

har dwar 0 . sconmputer 524 which IS nnected to..C ra.32 hy.,connector
526 andlls Cre R frat s & B B B P Ao APaY o 1 he
f 1 uirgi cedvétan weyekyigthesle&ibd tdp¢theORilie @545 36mp8 @ p4i8 df &xcfeftiof aand 10
illustrate exenplary arrangenent of various conponents of an _anal yzer

syst em SRFERHWE bagd SRlcRATS fgr Bk %F’éﬂﬁ%? figorespentdpelsn Tifetr a | i ght
beam _wiHadin BBY singfd SN fast AR 9iRe AuBN G ALARR L EAB YRR KR Dt he

excitation spectrum o uorophore, illumnateS at | east one assay
st at i onwivelsagthiafds dye. Prefaratilhe poistof ehort(nass fBteandf 1€ cdmbingtiert ofchert péss

b ougrit s i RleiE TRl B Bl 458 Bypr Y RS n e A o el PPt "o o
chi }Ds 10t dfBwavedength dgaaldd pmemmwavglwgm ofthe Ejrslp bmci@teﬁfere:meﬁieﬁg:itﬁr om t h?e
at | east one assay, station are inmaged. to optic sensor 546 2s by optica
capt ur i $7GT ggag%lsvéhgwi\toan%ga@%%ﬁave}qngﬂ@?ﬂ? . A proportional integral
and dif ial (PLD ntrolled thermal cycling assenbly 538 and a
fwo-f b ggﬁh@«géﬂﬁgﬁﬂd tdspetingamricyleg ghedimens. o sample PseRteD| | er
Subsy stgen Ryt Rotifed Wiol s@REREEEin AR cohfRddNafApidma aWang spchemat i ¢

bl ock di agram'of 'a systemin which alight beamillumnates at |east one
assay shhgispople prepaatipeaes B8 mey bheonapised efpatticolar empovent6&pEnding upondbei t at i on

e S PBRE S DE AU % B0 AL SR, RS Sy 0,

en strikes on Fl uor escent
enm ssi @reparation efianbeas hadmnes mgkdyackt aslhthon domponeg @arda liddft iLédl74 sapsor 546

ovel | ngedse IR FP el GRE W ip arreros e et o Suisge el L 1T
connectadi70 May bt esORRRIIOtcb@ve FidSY SI@IBnd Hidh bk SyidsQoREbi, PR WsIeHon48. 36
and elution buffers, respectively, or one inlet may be provided through which various fluids,
25  including buffers, may be intr.oduced into the sample preparation chamber 6. Nucleic acid
isolation component 79 may be comprised of a nucleic acid binding membrane, glass 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 phmger or any
machine part that operates with a thrusting or plunging moirement, 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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24 March 2006 WO 03/035909 PCT/ SQG02/ 00252 [00150] In FIGs 8-10, 500 and 530
|l i ght source can be |asers, LEDs (LED Array) or Lanps (CW or 2duMardh. 2866m
collimator 532 is preferred to collinmate the output light fromlight source
530. The | i mat or 532 can be a plan-convex | ens | nstance, or
It can al\g(g@:gﬂsgﬁb conbi nati on of several optical corrpo%ce'[?é@z@i}é as | enses
or lenses in conjunction with optical fiber. After |ight passes through
beam col limator 532, it is filtered by filter 534 which provides 10
excitation wavel ength selection together with filter 544 conprise a pair of
exci t at [60hSH nBurthenmes) anpusepiey efwakliing bufter and doficormifeanayderihjactad 8y Efisl or
exanmple, fl, uoresliﬁgjt \fajibel The filter 534 can be a single short pass
filter PFHW? 0 f #&t-ength equal to peak excitation wavelength of

t he dye, ? frablly HE)al r of shor pass,fi '%ﬁ g)of t he conbl nat i on of
short p@£§54f e yafinnlsR r@?afaélp%ﬁ% ¢ Pomiised pifhe, aws.e&anp lamatops ffer 544
can be @e ghbsifehiUREwRESBICs! I Wehd . tHdy & , A HCRBY SRR SAYR) 1ol Peak

em ssion wavel ength of the dye, or an int rference filter w-th central

wavel engthpetikakchipoa gé'aﬂoné:avnsanIWIt@mgnmambepmmd@/mto :{aomalesl] Turning to
Fig t | CULarq ration

e S50 R BRI 89N st s RIRACMI I 94 5 RSP BRERRL B (0N
fluid qfrq:mnﬁilon%ﬁambéﬂﬁeig&&mﬂg@ Hmﬁépﬁﬁzﬁfdﬁﬁﬁbdaﬁteaarﬁ]ﬂe @mﬁ%@hm}&ﬂr%ﬂ@f ]
partlcuarc e endi ng .up teZQ rticu rtpeo assay to be
run. Y?EV 13 sl ang Blingre v %&PPEBFH)W awgéw o erﬁ?@‘ﬁ‘é"feé?ﬁeﬂi‘?“chanber
6 haVI lﬁmﬂusbﬁssqu@&lts} x)a&ﬁinﬁ"fdr‘éﬂarﬁﬁgp%ﬁﬂﬂly]o%e and plmp hldau%m bhif} irfiée MRY

have a fl'ow controlling elenment 82 in conmunication with inlets 72 and 70.
Ei t her fto pwigerenaining sashimobutiyingide thentnpla pecaraibon digmber 6 andchapws! 8ol ut i ons

sucly gy, v?ﬁﬂquseﬁz% r“’(hbt%ﬂéx{m)ﬁgaf \fv%({a i owi %&e’gﬁv acili d:ﬁe! l#llhlﬂﬁlg feihiy o5

respective or one rnle arrous fluids,
i ncl ud|wugtebdfiheresultmmyhdxmcleriiamdsihmémg tniheldih&idcaoipica comemannld. on chamber 6.
Nucleic acid isolation conponent 79 may be conprised of a nucleic acid
bi ndi ndootssbianaier gl dsis nidleic kgids ﬁtmgm&ﬂémaqiﬁfsb]aﬁd)mn@bn@'t 79, aprd3edblsl, f or

e A R o R R

machi n%@@f&loﬁé&%d@ﬁ AEESH Oedt 1 vand 4, USE MAY bOPurlped Rt BEnfIOMEPRMon aS
exenplified 80 an% 81. SGgeV\hen dep resseg |1r51%]gﬂflem bl'e pol??l ons 90 of

sealli ng§ %lgfﬁeﬁ to pushngllthe elpens Hequeh eu@wc Weid isolagipg porenongy 79 mlntpechalme

st oppe AARELe., lﬁﬁ@ @ﬁﬁ’ f nnel or

t he ot %gr [OO%S%O@H eg;eo%rvlg 5319%7%?1%% c??é bltt ﬁmﬁ g&g&éan are q%%lrrp for

a| r pu by adiigd ¢ clwaerhsahgfidnwid ebip inleedd andrullonbtormly vtk the dlitionedlutiond niomj ect ed by
"Tis horRHEBg nﬁagmraglds,e[gusb ovma ng a samp"l)’e fluid. In a final step, oil may be added into

sample preparation chamber 6 and/or inlet 86 and plunger valve 80 closed and plunger valve 81

25  opento 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 liguid 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
promote 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 channe} - -
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24 March 2006 WO 03/035909 PCT/ SQ02/ 00252 [00153] Furthernore, air punping
of washing buffer and elution buffer maybe injected by "fish 2auMzErch 2006
controlled by valves al so. [00154] Typically, sanple preparation naybe
conprised of the follow ng exenplary steps for the enbodi nent shown in
FIG 11 AYARUPEY For exanple, if PCR experi nent sf assayRCHi@20%5he run upon
the chip, a solution having nucleic acids therein nay be provided into
sanpl e 1o preparation chanber 6 having lid 74 renoved, Subsequently, lid 74
is replaced upon sanple preparation chanber 6 and washing buffer is

i nt r gducghidin ReRABRRISHRRE BRLE PR BIRSH it %%Ehteﬁhé’d}ga%rsta‘ﬁéh ¥go 81 cl osed
and plunger val ve 80 open'to guide the washing buffer to’waste reservoir

by posi tquicklypné ssn alengmideb yssenstetiom26£ asidepixtadrpy etrovée dondey/to praventthy punp in

air fromchip..| .86 t0 [ [ erRai Rin shing. buf f er inside. the sanple
ot epar acTone Gpshuss boieh ek PP SR pBaR BRI R cPlng o FleGeE

Vi a }Nastt@ssébt&ih W3y o;ﬂém(eDM a%(lfblm{b mgd AeubbRNEnipl e{@ai&%ﬁlﬁﬁnﬂtﬁﬁ&;ﬂowﬂﬁﬁkﬁmd Thi s
results in the clei.c acids binding to nuclei¢ acid jsolation, conponent

79. [00P58Y cling) A evhile & Teaeines e i isp & @F@W@Bﬁ@l& 2358y HaidodCat i on
compgnenkhdd-bubbiPissafidped anmount of elution buffer is introduced into
sanpl e preparation chanber 6 with plunger valve 80 and 81 closed and chip
inlet 8 n [y i : YR i I alhon 20
chanber§%ﬁ?§ Sﬁ@ﬂygy%@?ﬁﬁmg J&ﬁ?g%ﬁgghgh ngg?%@%Q%C|g’f§€ %%#%% conmponent
79 and Rfhas adfzaentéd it aBBveledl foGiRnrlda.cBéwstedpostionrlé?2 prowidpes fos campléte isobkianp! e,

dNTPs, buf,fer ol ver.as may t.hen added.to el ution selution via
oh b nfsEEs AR Pe LI R iRt bR 20 B Rl et Sifetia Ol V1 2
nggl gi CnAg E@astfilaitsﬂm@akwhm 9g° &ﬂiiﬂi)h nbé eﬂldgdaw dgjmahﬁfaarﬁhglgférsﬁif?molndi | may :oe
aqade Into, sa e [ rati o Ccha T an or 1nlet and . unger val ve
80 dfos g@ﬁﬁﬂwogqp ﬂﬁa%l 35 ﬁw@ Sslrilacz @feﬁﬁfgw %@rwﬁmae@e%ﬂﬁ'i!aéacmrﬁl& Ahg

nucl ei Chﬁﬁbﬂo@ﬂd&%ﬁ& AR RO tyRicRbPRM oveAdubQfite 36 if a npARRs6cH thitl d channel
20. The sanple fluid may also flow to at | east one assay station via

capi | | apspoidoneléputpese chxumebl%is srpseioe theagpliaddreptmeent gefihtas Sie applicatien effa | i qui d

AR RS B B bt
st at.i onassayohatneh24 oorferdor the applied/irehetentid e redtrivtediodeink iapgied Onlytto uct ur es.

These ma e ri sed of ralit nodes,. 37.. Thes enmpl.ar
TUTEE, eSSBS St B, bkt 1 £ oo e ok g AR S ey rber i 1
-order tgpRé£e of the Bexfdce treRinea{op Exantpld) Bhdshatiftthié Ryinp ef @6 sayk ic haidxess. Fl ow

pronoting structures may al so, be conprised of colums and/or raised
pr ot ubefoEsCE therpatingragy hrarplisdantp thpege adiprsntthe eecoml asayschameldf andpet 40 or

- ggtc Q'n dF%dScé%égy gggﬂrﬁgxeelsﬂofv&, i fh g 4R bve AN G pagel dk Qarh iR 1f36 B sEBhdBdayi t hi n
o 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 multipurpose 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 ﬁfst assay channel
30  28. Inthis configuration, sample fluid 56 that flows info and fills such assay stations is not
subjected to the convective flow that may result in the flow of saraple flnid 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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38 24 March 2006 WO 03/ 035909 PCT/ S@2/ 00252 i conduit. These channels help
to divert sanple fluid 56 that may enter the assay station to@4 marekl y0e8d
run al ong sides assay station 26, as depicted by arrows. In order to
prevent the sanple fluid 56, which may run along the sides of assay
station 2BOWWEE meeting at the entrance to second assBI/RHAMNET 24 and
formng a bubble, sanple fluid would instead flow into second assay
channel 24 while a lagging sanple fluid front, so to speak, would fill in
assay station 26 1 o w thout bubble formation. 100157] Figure 14 depicts
anot her Lahadi DRRE pAticdSS8Ytish 8sdRdng Bolakeh Auid 305 MR PoNalARReY 24 has
adj acent to it a beveled portion 112. Bevel ed portion 112 provides for
conpl et @ssay eirtian avA chanselis frentthe mvltipuwgseshannelsond nmul ti pur pose channel 22,

t her eby reduci ng bubble formation that may formas fluid fl ows past sharp
90 cor nd®l5nigeresié depictsemothectxamplagy. coffigusationiof as essqynatatibh 26nwhergmampose

channel 22 has .its .surface treated,in order ta inpar. esjre

char act afepey of BBt BF S RRB RN Brphe Shabels irited SXtSkoreestyoi cal 1y
| ai d ovetatigi st Ealaed3f a positorTaRABdAhvédnatiirst 98¢ SRendMbtipRpéR EAmeRannel
22 i s exppsed t'$ the applied treatpnent, such as the application of a
coatlP ng aHs g compmynicetionthmewsith. (Hrge, fEst uihpurpese chanmebdfdes ptarngld out to

COVEr O\@facs &aPRibrisfa2aY R M0&dndAdioh B DEAGe A188 B SRR séaoﬁ@t ment to
be restricted to being applied only to 20 second nul ti purpose channel 22.

Havi ng baltphrpesexchannsl 22imy have adrydiopbobéasiefdes cbbrertanigie thay is nohepndugipd focat i on
of the t f exanpl ) t i.f.t.he | aying of ,the mask
s ot SO of SREA R e Ao R TR Rro A W i 5 RaP B e

t he secepe sammplaylukhtund lretid ivindheweday statine2G Asgayedtitoaichidhels 24 avd 29, ké | i ng and
eventual stoppage of s le fluid 56 ipto second assay c¢hannel 24.

Addit pwaif pyhe wgvi chge i ok biss B epBFY ec_ﬁl%quaav&s SP&aSiWW%aﬂlp%w of

i sol at i o{¥ 18RngRG b Boddscb iRV RERRE iBHdtoR S BRSGr SBANAGarcR ot | OWi ng for

controll ed and smooth displacenent of air in second nultipurpose channel
22 and erewdedionglisbane kel i hood of bubble formation that may occur as a
result when second ass%y channel 24 and second nul ti purpose channel 22
meet at [04160hakhs recdhadeaf detegiaig discastep psessingithe riskof dizedso pf ibxpmgsnbinv0R58)

Fi ) L ) : first
e e O S e L T

i nt 20 anzhithallid ebtzanedHraus 8 agbjst.aBeforeshd malysis, eacibjsenyt salioh on theehipalsviee1@ve 1 ow
t hat .t i.n the fl f le flujd.f tati t

anot her TEIEEE HSRQRIFY! abfeatt oBf P ey obn APrimersl 2 P45 A At defprd distbns.

Thi s i ssetti@e isQit 1eA& onk DBTA Fiob€ bHd/& pimBAh RIIRE B1adRY sBdodsiobsh cR$38Y. channel

28, which results in the slowng of the flow
‘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 obtained 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, Butin
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 ml of sample will be sufficient to carry

30  outthe methods of the present invention, By “applicé.ﬁon” or “applied” is meant that the sample

is provided to the device by conventional means including injection, electro-osmosis,

pressurization, Or vacum 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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of sanple fluid 56 out of said assay station and into the first

mul ti purpose channel 30, for 39 24 March 2006 WO 03/ 035909 PCPASAxCH2006
exanpl e. Under particular reaction conditions, isolation fluid my not even
be needed, to seal assay station and channels fromthe nultipurpose
channel s. YOO8 Figure 16 depicts another exenplary Eyﬁ‘}z i on of an
assay station 26, wherein an arrangenment of at |east first and second

mul ti-purpose channels is provided. At |east one assay station 26 is
situated in a position internediate between a first and second nul ti purpose
channel & filled afigwhish jtas ¢lpssiddo (pmgnﬂwwhmpn bluffﬂrhemamngheleaseﬂéNAfmmls@Ies

mul ti-p e ur f | ucive to
conduct !T’H(’Slﬁﬁﬁfth%%&&& I.'té’ empﬁ'c[h Eeé ﬁrag(ﬁ Ri‘/%%’gﬁ &edlb'&ﬁpdﬁroggse
channel gad@s amdfor fiaide Slﬁtabbedbﬂhh fibth6dssdf mﬁm@eﬂhﬁfeﬁﬁéﬁﬁlbﬁa& Buttaf@hot lignifeat
conducive,to co dugtlon of sanple fluid therethrou h. The forces/surface

char act BATsfaRan diowde DRIGAE. ereBgH 2 Puremedigeld ldgop) & Havpramsiingiheid (R n | t
in the AssaNbel8td @ r%ﬁsasees’ﬁ@)éha?ﬁlﬁl; { Pk mBR AR gﬁaﬁa@'#%mgscogxﬁm\é@” as

t he other channels, may have ot her exenplary con urations su
tri amgumé?nffere(mws@eple Anid) ik Bory nte 91}3911&& E@s@@éb@rlfbmahm(ﬁmm@urpamnms in

additio %a%gogd éﬁ#e%[ay Séig‘%]l &aﬁfelljb.éign e gég‘g?sz ross-sectional shape. [00160]

The net sease of ass "he risk of di sease of the

o1 “whol ROBSE o nl G 72 udc o e S0 TR PR Blon B TIPORTS st ot

Bef ore HulffEr dpalhtitmi BedigA G icigiReyd Sitdigh BfleRNoeE potid P, 96 it ehadhltlls 3078 have
dep05|t g@l;’l ﬁit one of a specific, probe and pri rrer(s) and each assay

st ati or? e myfipupose.chaancly, Agsinsthe ssplatipppmegingid t&l?i%ﬁ‘”drcalbbﬁ’??‘é* in all
of {she ASHRYe-ShALIE PEsRE, BB BurdflO pol?ﬁ‘énuft‘ﬁf &Y ulﬁ%‘fi‘rﬁd cfril @i ns at

| east one probe or primer (sone assays, for exanple requires two
pri mer $oladr Eqwd. Zhﬁtla@lﬁhes wdwnd?@amfaﬁ@heﬁvmd)bwﬁah%ab[omm] 108°Quant ity

of the t ded onto

t he de\)ﬁ agﬁé}gaﬁ%g)in%m nj et pl odr?quF%g e%ﬁ{aoﬁg]l Evat%dplélg%% %Ig%?ﬂ\j td to the

devi ce vdmmﬂieesolaimnmemhumed\m mhwmisiﬂré-Hﬂteﬂrtb a§ancth&adp@mﬂej’t&nd&w7ber of

assa st tions efll ed. .But era anp bl ood applled

o bty g ke R bRt St bere” e o i e Hsrmvicaation ¢ he

chiz. EucpwaJui-able redipule i hgnlld latelaPa ARRItemP&atitle A (RATRE Eredd hhteRBs 84 f 1 Ci ent
s

to carry 30 out the metho of the present invention. By "application" or
"appl i SgTequreREahtating Al pyey Satiops we p lagedip gheaal avelex ad squt ofER

g(r) n x 32 Btc%ﬂ%{egaiﬁg(ﬁ%n eoHd 1928 e b A RGDd 811, GlrREE PRSI B Blecul BRER E\E,' zation,

: 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 illomination 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 Jocation 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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[00162] A gas and/or fluid is injected into sanple preparation chanber 6
via test sanple inlet 2 exclusively with buffer inlet 4 clos@d Marchl 2006
with buffer inlet 4 initially open until buffer inlet 4 40 24 March 2006 WO
03/ OBSQOBVP%TI S(02/ 60252 is filled, after which it is closed, to purge the
el ution DUP PP nt ai ning rel eased DNA mol ecul es  and B ®A%huffer into
an enpty chanber 12 and conpletely fill chanber 12. Exanples of gases
and/or fluids suitable for the methods of the present invention include,
but are not Iimted to air, carbon dioxide, nitrogen, argon, or a purging
liquid l.ike. oi A | ow,pr.o ing flujd (FPF) in chapber, 16 .is then

rel easgeamﬁeﬁ{og' hh%%bgerl Ot “;Io'b‘{?éﬁ PP %ﬂ“@@fﬁﬁﬁ‘@lﬂép SN §¥eHEned 1 o
i n buf f eequib®Ryr PERRliECAticl bf DNAl méib@wsi nto channel 20 and further flow
into first nulti-purpose channel 30, first assay station channel 28 and
assay stipfgon EXaMPRP1631 The digital canmera 32 detects the tinme when all
the assay stations 26 are filled by buffer. Isolation medium54 is

i njecte I i nd 22 to
A A T s g S e A G

t ypi cal Isgmpleis ilustrafes in 6 fodlowingrasmle, ehamjarity ilsasted inFigst hdr mal |y cur abl e
polymer liquid, or ultra-violet (UV) curable polyner liquid. The isolation
medi tm [#F6T[nStept. djectihg tmtsadpleenper at ure above about 100C via preheating
and/or the chip 100 is in an environnment of an el evated tenperature.

Typi cal [80168jnBrenple, Her dxamblaf 4 test samyle (60, nbioledlood), Reinjoersd into fampleheat ed to a
particul ar tenperature, since a, djum | i ke ) does not flowinits solid
phase. Pﬁ%@@?,cﬁ@%‘%l’s ViRFR spple “ﬂlqrgge&ﬁ%’&leﬁ‘é‘?mﬁ s#fercande gehiEve/bE ur abl e
resin apRadsBudhlad redsusibaion, @bilwﬁmﬁhig%m&ﬁﬁﬂlﬁﬁﬁ@@ vﬁaﬁhﬂg'%&eﬂtfﬁﬁ
materials do__not require pre-heating. Al assay stations are placed in a
t her mal g&%eicd belawelasgBlogle3Bd to PCR according to known nethods. See e.g.
Ausubel et al. Current Protocols in Ml ecular Biology, G eene Publishing
Assdti altd6% nveni| bysingnf sellsand hinding 9HRN AW neyous glieniockNdw Yor k, 1995,
incorporated herein by reference. Following DNA anplification, at |east-a
por t i on[08¥70} Heelldgsinglailfes isinje¢ted inie sample prepgration ehemiberat viomldt g Bell feingce

havi ng SN Is 0 | h fluore nt .dye, e.g.
fl uor es%géﬁ?%%ont a%g'zgﬁ‘sf%llﬁg@ct&g%%%%?%aﬁ“?éﬁﬁé&&e\?@g%m? R %Ictﬁorw Wgt ion is
per f or meklie celisrandbegmel stspantded inHke Hytinplefee entiained ia simple prepgsinichanbeach
assay sg ation 26. The fluorescent em ssion images are anal yzed for:
fluorescent em ssion intensity at the |location of each assay station 26,

shape tion qf e fluare nt i mage and_the emi ssion_ intensity of
30 eallﬂﬂlgk)g%l%ﬁ N gg‘ﬁfie HPs Orer ‘(@Eﬁfgﬂ t"""?‘%ﬁ‘ﬁﬁfeﬁenémﬁlﬁéfﬁs of the

anal yzer ar e(IBheFJr'IMg%??@cfﬂloﬁ@cﬁ?ﬂB%ﬁe:dﬁf:eCti on canera

() 4.15g of NH4Cl dissolved in 500m! of water and Tris-HCI adjusted to pH 7.2.

(il Make a separate stock by dissolving 2.06g of Tris base into 100m] water, adjusted
topH 7.2

25 Mix (i) and (i1} 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 Iysing buffer contemplated by the present invention is:
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and the related optics which are avail able commercially, for exanple, from
Hamamat su, 325-6, Sunayama-cho, Hamamatsu G ty, Shi zhoka PreP4 NBicPO20086
Japan. The canmera and the optics systemare install ed in an encl osure

t oget her Wlé’ liquid handling systemfor liquid I r&) e 41 24 March 2006
WO 03/ 035888 ?SGOZ/ 00252 5 injection. The anal yzer HS¥*%Afudes a
tenperature control systemto performthermal cycling required for PCR
anplification of DNA nol ecul es. [001651 EXAMPLE [001661 An exenpl ary net hod
of preparing the sanple and extracting DNA fromthe test sanple is

10 [ ooxanig Lgeeter | 26 -—1@3{’@' oA b e BB el 6, @

t est Salﬁg&@c}ﬂﬁq@) i 18, 98h7). i s injected into sanple preparation
chanber Vi a tes sanpl e |nI et 2. The injection in this step can be

achi eve <ani I or vacuum
(i’odi)'%)ag%%é ci Iﬁ%nﬁé%ﬁ%’l{y?ﬁg‘ﬁﬁf&? befbftPein | dé‘ct&l‘iﬁi@ le

suction'(a I s-convent'l generate el Ow gl ass ock 31) 15
[ 00169] pSpHptlcmchmybérrﬁg Toé lysed wiolabldodiangher(tpgotherDiith the lysing bulferlinass bl ock 31

1001701 Cell uffer | S ,nj aratlon nmber
Vet i e Rl R 3 Pt R AR pRRTRL AnLo IR R o
sanpbe axe:heNA orbl Qﬁdﬂuﬁs Wli@ﬂi@lb'@ﬁ%@ﬂplfa pasRsttheughhe flasstidcksi, Bmd becone
suspended in the |ysing uffer ined in sanpl pre aration chanmber 6.

20 [ 001PiEe dedrsst s oe@q? fo the,surfaep q?&her%@s mgs B2l t he

presentblbae/ﬁ%s%abﬁltyto(amacfgmlcxﬁtamm sahfld. DI 0od Ce' |s (Buffer A): (i)
4.15g of NHA. CI dissolved in 500m of water and Tris-HCl adjusted to pH

7 2. (| r T nto |
I e B o T e i

r at i 0 o&fan'@le]an(i ysingdufity thirough dfe ghist blocihl lo dut felldwisg Bk tar al®) be agplicdu SCN

gu?sdl ni n |sogsh| .ocyanal egsth& eneragﬁl\é | "A 00172 The bove1 bucf1 ers "A" and

"B" abGe an‘ao %tsn &l sequ Hca 8 'P“B}?f pélmp ¢ SagPea Bt ¥ ore A",

30 [001&ﬁ’ﬂer ﬂﬂﬁlidhelielblyﬁdﬂgarhlt&ﬁr@bsmﬁtpaﬂipingt ed by the present invention is:

[00177] The glass block 31 can also be replaced by other filter media including: glass fiber mat
or floss, glass powders, non-glass media such as cellulose fiber mat, or magnetic particles with
treated surfaces to attract DNA molecules, etc. The glass block 31 can also be made of a

20  combination of filter media. The DNA attraction mechanism on the filter media cari 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 buifer 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,
undemeath the glass block 31. At the end of this washing step, only isolated DNA molecules are

30 collected for snbsequent use.

[00180] One example of washing buffer conterplated by the present invention is
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42 24 March 2006 WD 03/ 035909 PCT/ S@2/ 00252 [00174] 1 part of 10% Triton
X-100, dilute to 10 parts using 6M GuHCI (guadi nine hydrochl @4 NErch 2006
10mM TE, pH 6.7). [00175] Sanple can also be mxed with |ysing buffer
before bejng injected into sanple preparation chanber 6. The |ysed whol e
bl ood sar‘?ﬁ?g"mﬁ@ﬁet her with the lysing buffer) in sanfftS{HeRET ation
chanmber 6 is sucked through the glass block 31 due to the absorption by the
i 0 absorbent S or by vacuum When the |ysed sanpl e passes through the gl ass
bl ock 31, DNA nolecules in the |lysed sanple are bound to the surface ofthe
glass block 31, since the glass_block 31 has the ability to attract DNA
cont ai nd®18Hl AR NaOLAS e TrisrH Gl M T A, gdjupte ki swikivrs (. Sadiluthe vacuum
means d BDove, t o - . | ' fer through
Tho. gl actblnth PUEubPpRRS IR, KEEEr 1.ERT, Bl LA POHLCL o T ve

pr essur ibegen).oAnotlew elasharsg ffet coptrmepiatedisy thy presestyinventien i3 80%, isdppopauotp t he
sanple and lysing buffer through the block 31 or electro-osnosis punping.
_[00|17g] [mlﬁl]lg [r&ﬁiﬁitbil; acthe Bsomtion faﬁtﬁﬁe bz&:u}irﬁlﬂie&&&i\ifjdﬁﬁedﬁﬂ&% tofpiaksitﬁdf médl a A

i ncl udi ng:,.gla i ber .ma r 0SS, ass powders, .non-.gl ass_ nedi a suc
as cel | L‘I‘gft}g‘gg '?‘&%%'ﬁ" :‘hecgﬁasﬁlﬁﬁ?éli’ a‘eﬁ%}?‘lm’lﬂ]% qyplsothe appliecd RositiVECes to
attpgct F%riﬁmoﬁ Suth@$ thaPhcheratt By @lsp®ioe Phas to pRnpiBOwahER tifferBidigPhed 20
conmbi nation of filter nedia. _ The attraction mechanismon the filter

medi a c el hor elagiso-osraesih p#Mpititor exanpl e, el ectrostatic attraction or
attraction of DNA to other nolecules pre- immobilized onto the filter

medi a. [00883]8btep 4t Blyiing DMASHim glassidodki3anber 2 and gl ass bl ock 31 [00179]

Washing buffer is injected to sanple preparation chanber 6 via buffer inlet
4; and (9184 shfterghegldss block 31 jsulrieddhe divtpndhiferieinipcad snidbogle Bépaationt 0 t he

~absor pt j,0n . Lhen r by vwacuum.. Under. t fl ow of the washing
o r e, ARRERG R Bl Bt A3 bt cbuey Nemlt® B oS B TR P s i | <
al | 1ot h@rfo&né:ﬂtya:mh s isurcl ag d:iztlngl d@il;ilg odEjaélb\m%ti?g thp laﬁbiehmmpeﬁamraa be hotd
preparatiqn . c r. 6 .,an ass ock 31 ow t hrou to,a st e.drai n,
whi ch c%ﬁﬁ‘amshiﬂegﬁxﬁs BugtosyPicaly nees fRme ik seoqn Sﬁeggw%ﬂufﬂ@@‘awc@ At the
end of dffheselsbhffer cih 8o bORdrforhePbyaiRetidN il 88 sadipfe prdgirfifeh! ected for
subsequent use. [00180] One exanpl e of washi ng buffer cont'enplated by the

prese nt chprbe frthigpgh the glasshlockdd (Thottomanp”, i.c., 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 antoclaved
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 molecnles to Ieave 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
buifer, 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

44



WO 03/ 035909 PCT/ S@G2100252 [00181) 200mM Nadl, 20 mM Tris.-HC, 5nM EDTA,

adjust pH of mxture to 7.5. Dilute mxture with 95% et hanol 2Z2dnMdreh 2006

vol unetric ratio of 1:1.4 (eg: add 40mL ethanol to 100m buffer). Another

washi ng t{%ﬁnz 5 nterrpl ated by the present invention is 80%|50£r opanol ,

[ 00182] . ‘889 lon to the absorption and the vacuum Te4ife ri bed above
to pass the washing buffer through the glass block 31, the follow ng neans
can also be applied: positive 10 pressurization such as that generated by a
syringe punp to purrp the washi ng buffer through the block 31 or

| t 018 4. E | bl k 31
o0164) (Rorerease Bl 5l (U Ty ebamp hobE Malesnlan Sr3he. . n oot od
I Nt 0 SanRhRrRle Ny, 9ifnmre&1®acmécuﬁrwo%eéomcf Eﬁ%énelcﬁt) ad {)L-\h&yBéa upy

sanpl e preparation chamnber The drying 1s pertor e met hod$ such as

nat ur al agf gishegheschagjcads remmed typerfromARHA emplificetinme eud fivczesoent ldgtecttw Ther

bl owi ng.; ran esfr mafewsecan:stoafew

i nut o inson s o S0 B btk B s oS, cab R Db lter BEARE” oy

i nj ecti socticheetdbuf fer into the sanple preparation chanber 6 through t he

gl ass block 31 ("bottomup”, i.e., injected in the upward direction through

t he 1g| a$E0189]0 Chhe 3ihpunt 301N RHEr sHosldghlt dcaigpyhhefsfaﬁ;jﬂel phepaaiioh tigmtter 6 8 €asi ng
and

attracted m)l ecul es frog; gl ass_ bl ock DNA ol ecul es

rel ease®h Brfgaerch thegplet fiths shappehif ﬁﬁh"%m%ﬁﬁhéd inge therepl e
prepar aEh&E‘a%l@é’@Qﬁe iR BY FeriD EonBinePR s a@pFrgﬁ%?hoﬁ;bﬂ "@Huﬁn%{hflst he el ution

buffer is autocl aved water. Another ex ution fer is 10nmM
TE at pepsgatings{ep0186] To enhance the elution efficiency, a vibrati ng
actuator 34 presses diaphragm48 to 25 agitate the elution buffer in the

sanpl e [90&Yr Al efforte shanidde n&datujargvea‘s&e dinpaidbulfer fromatdving owside thONA

nmol ecul 0 | as, bIo | ution buffer 00187
The%3 eczen n?fnt\ﬁ;%éﬁ}%n%er%a 4% 'C8n enp‘fag?e eqé%? %bﬁ{d& f"ﬁ% @FS %gsugf?%lﬁm:ﬂ [ L ]
el ut i onadalykise (In phcicul@binadveftent apphcatidnad the[ H5b1EHBT 5 dMvalddeldvbidad)buf f er can
contain, or be added with other chem cals for subsequent .00 analysis,

(ﬁ uchI ajdaii g1 oﬁabnhah@ml&@kadegbBNadﬂaebu&y s Bt 'regolafiﬁhfﬂlhemiuml s with

the e r, LN e mxture to sa aration
chamber “(fpéﬂ%stg 1 rglﬁf‘g ﬂ‘b? ePNﬁé’E“’@“éﬁ%&?%ﬁ“&&ﬁ fotoyvinget 4).

Addi t i qRgthodskReimbEatEin HiRARliA: Qfithie e tyheneBz YARSing ok dﬁbiﬁ
anplificatiaon, fluorescent dye for fluorescent detection of Dl\%nm)l ecul es

bas¥d d dpicribrd BbpYs; enplving 2yibipter do siplsotic 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 ﬂov\;, or forced convection flow, of the buffer inside sample preparation chamber 6;

25  adding surfactant te the buffer contained in sample preparation chamber 6 to heip to release the
DNA meolecules 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 employecf to

conduct the methods of the present ihvention.

[00193] While the description bas been generally directed to PCR and other amplification
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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WO 03/ 035909 PCT/ S&2/ 00252 fl uorescence energy resonance transfer (FRET),
TagMan(r) (Roche Mol ecul ar Systens, Inc., Sonerville, NJ), SYARViareRZ006
(Mol ecul ar Probes, Inc., Eugene, OR), and Ml ecul ar Beacon, and any ot her
chemcals required to perform DNA anplifications and fl uorescent detection.
The inj dE2PUR¥™ this step may be achi eved through prifd&H0#9%63 on,
capill ary punpi ng, vacuum suction, etc. to [00189] The anount of elution
buffer should fully occupy the sanple preparation chanber 6 so that the
elution buffer can reach the inlet of the channel 10, as shown in FIG 1.
Si nc; t here xists a valve 8 elution buffer is confined to sanple

r

. th
pr epar atT BN cHYRTRSPeoES BRSPS g W@%%@P@ﬁdﬁﬁ therckip can bodiysled jte 3 geteralt s
shoul d RgtopBiste: DNARLEYABlareRAnRl hATLRUD! BbtchIATI thid Bl b fiEed e 15

dormai n of the_ chanber 6, since this wou cause t lI'oss o nol ecul es
for sub$Egientxemplagt 3pedys and qomponants areipravided bedmvier t ent appl i cation of the

absorbent 5 should be avoi ded). 1001911 To enhance the spread rate of DNA
nol ecul ¢¥1P4} dn DNA/RNAIAptamens gaeleiofacit based) atibiodimentsyfiringers amichroles enhiaxce t he

uni f or i 1bution,of the nol,ecul.es in buffer, the follow.ng nethods
can be ”ngbfh&qe% ??Iﬁ}éamaql?’évreﬁea?f’g%@ﬁfit“g‘i’hﬁ@ssﬁmt?tlé%ns g@/%ﬁ?}h]tyeﬁ’hﬂ?&dacti ng on
di apbr agnméBlizin afatdastant kaciaowponaPRiih Allet ¥l AatbOmafaks the
entire substraite 36 .(chip) . .at .one or nore than one vibration” frequencies,

especi aPTPEE: 14F Hempiimmabilizgtiereaio brady, g5ls prmemshranese Sahplp fluishepeaifion he

TaSs of eldaSes@ii bPRNRRG 8P CRIBAR R (RATRLENAL ERALALLORRAIREL O

heating the buffer contained in sanp on
t o genelatteeowpaiaiie agrnditions viefusicedi purpese clomnél G0 oe chanaely. &ijorens f | ow, of

t he buf i Nsi.de: reparation er..6; 25 i sur.factant to the
buf f er %@?ﬁtgﬁ %&ﬁnﬁe@%{%esp&é%%}?aﬁ? P&ﬁek%glg HH@?PG%‘%F%%?@P gﬂtﬂif“’?% ease the
DNA1f10| Retedtion of produdiimaydeasaditteddly, #illnoPkimiteddb, WiliziRR BSkscend2eadgareE fi bers
into buffer an& a | ectro netic actuator to agitate the buffer to
hel p t CoF&Y %8 “’ft(ﬁg—ﬁ%‘%@ﬁﬁ haaeo eg%%on: B wERalpon-FREF1SyPrGreen, BBt of t he
above sierpfion éreiter ATl Rork (Bi€SGréerd ] | 1 .

i nterchangeably, or_ a si nglme ort ’ﬂ%g@ﬁ%ge%gﬂgrﬁ%ﬁ%?&@%??%%ﬁﬁer i nl et
4) can ISEOYWP%MWB é@iﬁaﬂeﬁ&qﬁ papjificatidn is endlepteé dening daciventeiaod .

[ 00193 kpdhinb@actSRieSEdséifel On has been generally directed to PCR and ot her
anplification assays, the invention is by no neans so limted. The

apRA’ atiwE 98D ¢y BRLDBLS DRIA #0861 RE eaggs- | ' so.be utilized to
conduct[ a pret hora o var% ous aagg’ay hﬁF%%ﬁl%‘% %gecﬁg%?gﬂg%%e%%ay
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 mventton are meant to be exemplary and non-limiting.

[00197] DNA Based Assays

[00198] Example 1: PCR assay with Sybrgreen in assay stations (diameter ~0.5 - Imm), chip
thickness ~ 2mm:

30 [60199] PCR mix: Iul 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,
Tul of 10ng/ul human genomic DNA, 0.5ul of 10%BSA, 0.5ul of 60X SybrGreen, 1ul of 5n/ul
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24 March 2006 WO 03/035909 PCT/ SQ02/ 00252 5 assays. Honpbgeneous assays

whi ch may be perfornmed on the chip can be divided into 3 genePd March 2006
cat egories: DNAI RNA/ Aptamers (nucleic acid based), Protein/antibody based

and cel | ‘ﬁgsed assays. Exenplary assays and conmponents are E)row ded bel ow.
[ 00194] YRl Apt amers (nucl ei ¢ aci d based) enbodt Y02k i ners and

probes in 0.1X TE buffer, for exanple, were spotted/placed |nto t he assay
stations 26 and then |yophilized. 1o Inmmobilization of at |east one

reacti on conponent within. at |east- one assay station may also conpri se,

for exanpl e i,lizatio 0, be gel s or nenbranes. Sanple fluid
prepa ams?fim}f@% a ‘g%g‘amtqrnfrﬁi%w el theabevespmpguenis fee tb@ﬁﬁmﬂs primers
and probﬁaéptmgbigﬁgw 1 €=r@ggexture flows into the assay stations via first
mul ti purpose channel 0 or channels. Upon re- hydration the pri rrers and

probes nea300f IHEH Corldftiohd %o s%%ﬁc' lnﬁrpgg y;rdle%%f%"gr ‘ﬂ%@ gthggec

Det ecti on of produc s may be conducted |IZI ng
f | uor esd@ifee 3Psee.oR3M e Smim A2y fotavan BERIwaS EBEET) 2 MIRCRohibmiocheaqpmCdet ect i on,

or nor FRET. en t B[ ect i ot i nter cal ators

(Pi 009”22%% Pt %@ kglﬁﬁmof@ er%%gt ﬁ"efﬁpli&@?ﬁ&sww crla) & exanpl e.
Real }ot . ifontedeat mfcrdawise%mg%ﬁiés@i@é}lﬂobtﬁ@ﬁxh@fbr'e&h%h%eeﬁéoﬁgd %%%QE cycle
and ? %raot ed fraoama baseline. 20 [001951 Tn-exenpl ary ased
assays, ?ir?‘?ﬁl feage Ffﬂjﬁurﬁ e drsplisshpwed prsitive gopbifiation ofdymar dryptophan PCR,

| Sot her o lisbigbhOBlokiale AFEbROASI € dhndf G aci d strand based

anplification NASBA), strand di spl acenent arrpl ification (SDA), etc, as
vel | as|dohfS Exsidpled: PERFREI Ye l:&?ﬁf gl rcl e lification and

| i gati on gfjc X ugleng FRET, rmfe ecu ie%acliown’gg&{ OmPIa &% bed above. 25
[00196151153’4110131?& hﬁram+uemvngamaw cndswhumy lgesh@aﬁefﬂﬁileeferenda REA@hdaace with

the n.are nt.to x rrpl ary and

non-T1 it Bt Yoo ooRkARa s PXEC Mool B ony Mo b emast bosd i «
Sybrgremalysm WsRayehbétadli @0s), SptirgeBppn6r-@7H - 1nm), Chlp thlckness - 2mm 30
[00199) PCR mix: lul of IOX Pt Taq pol ynmerae buffer, 0.8u] of 25nM MyCl 2,

| ul  eacjeozz] JP(CRJMlﬁ:tmb&fflﬁmmaﬁhﬂnnrémbdﬂﬁxm%ﬁwmmrﬂjmﬂ%dﬁ%? oav- TGT GIT
AGC CAT L JAT GAT TA - nd revers CTC CAA TAC AT TAT
)

forward prigper4 3] CTqG, ﬁ GTAh%; el igesescisneD; 0. 5ul  of
| O%BSA, GPGTeT OfCEBH PRy CXe %1), thidr a@hu@&d&k fiftrescent probe (5°- LCRed640 -

20 GGT AGA GCA CTG TTA AGG CTA GGG GGT CAT C- 3°-Phosphate), 1ul of Sug/ul BSA,
1.6ul of 25mM Mgcl2, 1ul of 10X Sybrgreen, 0.1ul of Sw/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 —

Ssec.

- 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. '

100205} Example 3: Dye-labeled oligonucleotide ligation (DOL) assay is an assay that uses
PCR to amplify the DNA sequence and then post-PCR SNP detection using OLA or

30 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 a]lgle-syeciﬁc acceptor probe labeled with either ROX (6-carboxy-X-rhodamine) or

R | TAMRA (N, N,N8,N8-tetramethyl-6-carboxyrhodamine). Thermostable ligase was used to
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24 March 2006 WO 03/ 035909 PCT/ SQ&02/ 00252 5 Pl ati num Taq Pol ynmerase and
2.2ul water. In the control, the above conponents are the san4 Kareht2006
there is no Taq pol ynerase. [002001 PCR conditions: hot start 96C -- | mn,
30 cycles of 95C - 30sec, 55C - 30sec and 72C -- 30sec, 72C - 5min, 12C -
forever. BE¥GR done in a MI PCR thermocycler (PTG J001S@P%%n in situ
PCR al pha nodule. After PCR, the.chip 100 was observed under a Leica 1lo
fluorescent mcroscope using the same exposure tinme for each i mage, hooked
up to a conputer for digital inage capture. The results shovved positive

anplification of human Tryptophan hydr, I ne fragne conpared to
ont rol SRR REHer B b R BNokoti S et Py (I GerePIOORTOBY. REHEST295. RNA
gene frmﬁﬂrﬁsﬂa@ngme%ggbgmaﬁiggaj@ .§g.am negati ve- bacteri a t hat causes
human gastroenteritis. Reference: P. Loh and 15 Eric P.H Yap, Rapid

cye) e FvbocT! DoLRSEy dfokiafty o BT gkl T WELOTh QL ARGRAdNEISS o

anal ysi s, Rei sch ' (Eds.) pringer,
lul of b_mmhzéﬁsmm Theprbuers and prabes wete l@thzMﬁRShe #Bsag sthtiemahd ﬁfe DN&lM

stock f o prine 3 rse
pri mer ’?gi GIG 1€ G@W&Rmfﬁlﬁ&@ %?Y)S%Ufﬂﬁwgﬁ‘eé{a%ﬁﬁﬁ@%’%ﬁa escent
probe (dbove.LCRed640 20 GGT AGA GCA CTG TTA AGG CTA GGG GGT CAT C 3
Phosphate), | ul of 5ug/ul ESA, .1.6ul of 25mM Mycl 2, 1 ul of | OX

Sybr gr €60207p . PCRsligafon Hibt:@ul ofﬁb&hMEﬁB M0, 2ullef MM BBt 24l if0EM KChul of
sanpl e 002031 PCR condl tions Hot start:

P. shigell oid :
95C- | i ¥ ?&17‘3" i ﬁ%sD @F@E%%Mgkgﬁé 1ul7f€feﬂ€[rh4%0@h4 stoek ECR forggsd pripey (513@2\6‘41
Single d}w&mmég GREYIAG Rt SHB— g%%ﬁ?%de&g%dﬁ%ﬁ" S*%G?m . gonucl cot i de

dye- | abel ed ol |gonucl eotide |1 ?atl 0
| i gatl JCAGEHGG Car AGR3PRBT of 4N &Ad-$abeledl floror FabninFAMETCT ACC. 1002051

e~ch ahe M=toTa] ssay
el uaa O 3 e R R R b IR S EP el B R T3 E et o
usi ng QAL 6¥3" KX, gl GelITHAMRIE-1AHepd it @ptod soby (SMphdsphdRETA GRORGQYE FRET)..
The OL det ect .a P, one co nor probe is
| abel eMﬁ@ﬂﬁfWﬁ?g SERAS D ig#ia °fc%‘fl%qjﬁ el e-specific
accept gslyReabs 115abe bAmplidate BNANRAseREN wafer G0RRXY - X- r hodani ne) or  TAMRA (?
N, , N8, N8-t et ranet hyl - 6- car boxyr hodani i ne). Thernostable |igase was used to

[00208) PCR-ligation conditions: Denaturation 95°C — 2min, 10 cycles of 95°C — 15sec,
20  ramping slowly to 65°C over 1.5min, 65°C — 30sec, followed by 30cycles of 95°C - 15sec, 65°C
— 30sec, and ligation using 25 cycles at 95°C - 15sec, 45°C — 1.5min.

L

[00209] RNA Based Assays

[00216} Example : Amplification and detection: RT-PCR-FRET detection of Dengue virus
type I1. Reference: B.H. Tan, E. See, Elizabeth Lim and Eric P.H.Yap, Rapid cycle Real-Time

25  PCR, Methods and Applications, Microbiology and Food anaIys:s U. Reischl et. al. (Eds.),
Springer, pp 241-251.

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

30 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.

[60212] RT-PCR conditions: RT - 15min at 50°C, denaturation 95°C — Stmin, 8 cycles of 95°C —
0 secand 55°C—7 sec, 50 cycles of §7°C — Osec, 55°C—7sec. S
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47 24 March 2006 WO 03/ 035909 PCT/ S@2/ 00252 di scrim nate between a match
or mismatch nucleotide at the 5 -of the acceptor probe. Refer2dcktarck.2006
Chen, et.al., Genone Res. 1998 May; 8(5):549-56. [00206) DCOL assay for

9 CT nutation in the beta-globin gene responsible for

detectin n
bet a- o-t%ﬁ‘?gsgog‘?r??a The prinmers and probes were |y0phqu%9 12 he assay

stations .and the DNA from sanple prep portion was infused into the assay
stations via the various channels described to above. [00207).
PCR-ligation mx: 2ul of 100nM Tris Ph 8.0, 2ul of 65mM MyCl2, 2ul of 0.5M
KCl', 2ul of 1 OM NAD, 2ul of 2.5mM dNTPs, |ul of each 50uM stock PCR

f or walr d [}fi31 3 Apfaser Based ASPES:GAG ACA GAG AAG ACT CTT GGG 3') and reverse

primer S{ 5' - GCA GCT CAC TCA GIG TOG CAA AGG-3'), lul of 4uM FAM I abel ed
donor QP@M]( Bptamgiaroynkels PNAJRNAgopertide sedpendeswhigh may e wasnal ade| ed

t -3: L F 4l of SuM
sccopt o il 5 PR RnANERaa B ietade %v%dd%é@%@t%‘?%%ﬂ&é 2 0
TCl- 3' - ThdudAprotedl) ﬁlgardf(]lclmﬁmrbogphﬂa;\metaﬂam, et). &pmﬁd crﬂfabeﬁmhtzh'cl; 208)
mer sunit .o Se e an r to u
II[;(():RYI i QEW@S%WHI%@ r%éﬂg? in 025?%‘: éba"’”éﬁe%@ - 15sec,
20 rlarm g@ﬂnﬁieavwc 3&&@1}%&@@%@%&!& be@éﬁduce@%@@he aEéair Lkad&d whizigpcycl es of
65C Osec, and ligation using 25 cycles at 95C --15sec, 45C

) 1 5m nmeiﬁlefiﬁzediscnhﬁsl B Fluuessms Pplauziion mey b@ntnlrzedxwmem ®ati on and
det ect f B. H.
02t oo P EEL 5k U B O e B o 7 enc .

Met hods C ol ogy and Food anal ysis, U. Rei schl et.
al | (Ed@%ﬁl i’%E!"’i“n'a}ﬂ}eﬂrﬁ(BH ballfASRL O [00211] RT-PCR m x: 2ul of 5X RT-PCR

T T M

pri mer tfizedAEGERE GG ATAHG pBishnt andnfionTo dctedt pditibdens @k opeobe (5 30
LCRed640 ACA A 3' - Phosphate), 0.5ui of 20X
Syerresé“llfiw %@Aﬁogﬁﬁlﬁtﬂﬁmﬁﬁmwee%gl water and viral RNA added
to | vol une. . [ 0021 RT- ondi tions; ) 50C,

enat urihAteh T e m@mﬂh efém@feﬁ}“@sgs o5 S praigs sapeddiled v gs of

cycl es FRETEHes, biclukieseence Meonande &Rfpy transfer (BRET) protein, fluorescent dye-

- quencher dye combinations, beta gal complementation assays proteiil fragments, and dissolved in

20 1XPBS, 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 Tritor-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.

{0021—8} Example 1: Antibody-antigen fluorescence quenching assay: An antibody was labeled
- with 0G-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 labeled 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 info the assay station(s) via chanmels. Upon re-hydration in the assay

station, the labeled antibody-antigen complex participates in competitive reaction with the
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48 24 March 2006 WO 03/ 035909 PCT/ SG02/ 00252 i [002131 Aptaner Based
Assays: [002141 Aptaners are synthetic DNA, RNA or peptide se@deNtzmeh'®DOB
may be normal and nodified (e.g. peptide nucleic acid (PNA),

t hi ophoph | DNA, etc) that interact with a target protein, |igand
(1ipid, c‘g‘%%@%ﬁﬁ ate, netabolite, etc). Aptaners | abelg'&i”%“?"ﬂ“zaz dye, e.g.
TAMRA for exanple, may be synthesized and spotted into assay chanber 26 or

chanbers and 10 | yophilized. A target protein/antigen nay then be
introduced into the assay stations utilizing methods as described above.

Fl uor esce | ari zagion. may .t he e .utjilized tqQ screen for .

it arfor BB HUBPH ORGOHOL g AL LR RRIRE D061 PR hpdh ¢ he

f I uor escgke MitRescddOR electBd ABbR 528-A8lnpody based Assay 1002161

Prot ei n/ Anti body assays, such as ELISA (enzyne-linked irnnunosorbent assay)

may be (@210 Eyhh gzaggggl-ggﬁg“&cgé_&mﬁ}?ﬁi,gﬁﬁgi ngs of the present invention to

det ect pat hogens .g., open san A), protein-rich interactions and
drug scr N e ks {bodi es or
pr ot ei néaj(?g‘r"] gzmlng(%gﬁélc?f]l Oa\%t[i)ﬁh%g;&%ﬁ g(f% Mf—sg%%o d%%klgféﬁpﬁﬂgeﬁgg@gn@cﬂeﬁr esonance
ener gy taphnefagr wérBRERed (Pt of ithe, mérodlonabsweyitbetbdavithahedyephycodyyerrino®B) nat i ons,
bet a _gal engnt,ati on .a protein fragnents, and dissolved in 20 1X
PBS,mspﬁ%@%@ﬂ%%ﬁﬁ?ﬁ?‘?i‘gﬁgi the assay stations. Sanple. fluid
repar at | r es proteins or. other antjgens into PBS or. TBS buffer
Wi th or W?Hoi’k&?e%f’ ﬁ‘feﬁ(V@%ea ?XGW@QI%BW% BeHL 10 P%m‘ the GHficiearey Bas
concent Ay ilon. R&eﬁnceQB&é%PTy&t.&Q@ﬂﬂmhy%@(“r;fﬁahqgggé);iﬁﬁbs. TReHRRSEof | OW into

the assay stations via channel's as described _above. Upon re-hydration the
ant i bodTBET siay pe Berspved pyivsing peay Infrpaed FREP dyevain syohEy thepmeEming dyigsr escence

guenchi a ‘?ﬁﬁrﬁfd Lopy t - O5-BS |

col ori n@?ﬁ:ﬂng?hg% éggfeé%gg‘%iem uﬁ' ﬁggaé'\g’%%ﬁ {%Bﬁcﬁ%@gﬁaﬁg? é?(s)g?nl@?o%(arml e
1: Anti i .RLL ; i .0G. X j abel ed
1 0 o OB K B e Y o TR o e P el 20 T e
ant i genbridgingtanigen (oppnotreliwich askuy).e cel | s, carbohydrate, aptaners, etc.) was

| abeled with QSY-7 (QSY-7 carboxylic acid, succinimdyl esters).

_Fl uor esi#6293¢ Rywembinam gniirody emi-BEL¢Herseppiyesnns) ftabeerd dbagtchan (W) &d 30. 514

assay <SBEvanVES e O g e i eRe B an BReadRE Ry Cher |

~ ant i genaspedivelyPRS% weak REmify W VET andi UINo@hrds Wich bfhet peainisgéidtion 8adFREW 20 or
Triton-X 190‘% of various con%:(gnt ation (e.g. 0,05% Tw 20_and .
19679 t J RITOBIPLRHIC F-BROPNTlo a8 tiegsesynosrosmntisnp.die Vitand Khrwieragtionspon

re- hy drghilof 4nd Heh® FRIIEkcurred. When excited at 490 nm, significant decrease in the
fluorescence at 520 mm 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., Biotechaiques 1999 Oct;27(4):738-42.

25 [00224] A meodification of the above method may be utilized as follows. Instead of labeling
with fluorescent dyes such as fluorescein and rthodamine, 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
30  temperature e.g. about 4°C and in the presence of antigen (HEL), the Vi 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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station, the |abeled anti body-antigen conplex participates in conpetitive
reaction with the 49 24 March 2006 WO 03/ 035909 PCT/ SG02/ 0025245\ 4rcRlRhes
antigen. Conpetition with unlabel ed antigen releases the OG 514 | abel ed
anti body _whose fluorescence is detected at about 528-530nm PéOOZlQ]

Exanpl e 2YOB9EB¥% sandwi ch antibody FRET [00220] Two mSi&A0Pa52 anti bodi es

directed against 2 non-conpetitive epitopes of the CD8-. alpha chain were
utilized. One of the nonoclonals was | abeled with the dye phycoerythrin
(PE) | o and the other allophycocyanin (APC). [002211 FRET was observed

when excjtatiaqn |ight directed to PE but the efficiency was only 10%
Ref or bn oDk, Vot pucbier mofihition o Bgelswarethpd S0 FoLRTY. Insa ajsLplinereish Th
efficie : o]y I -9~ . FRET. dye pairs
such as. ontent BEE Suclay 1R ol e B nd M IS T B Bl din g ©
al ., AnalsutViEaEBH) (colioed Hug flu80ent proRi) add TROVDEGFP efaf@22&n Exanpl e3:
Re- assocj ation of reconbi nant tibody, Light, and heavy chain directed by a
br 1 dgi ngt RrereProBER SRR ane e T e tedabn Y osdbdie posses body
ant i - HELFRE#estcegd it the preyeiey of ha gitieh HREARYfefdhad: Arki V) et 3 Prdidifphg Chai n (VL)
were |abeled w th '%Séccg nimde esters of fluorescein and rhodam ne- X,

- a te

resp¥ct i Q(PM*‘Y#-H@ « affinity of VH and VL towards each other prevent

associ ation and FRET, 20 but at |ow tenperature e.g. about 4C and in the
pr esenc d0B261a A hs gpparatus ged sppthadcpiVhe Fresers inventiasmay alsodisiutilizeddo eonduétence FRET

oceurre grotéﬁﬁ%‘st@ai&i’atsﬁ s. aﬁroéﬁlgprf)f%ﬂr infeta@bink %r%@t%émﬁa%? EEaR8h Ot qg%ﬂa\lmlgn an

fluorescence at 520 nmand Its I ncrease a m Wer e 0ObServ
i ncr eas icellylag frpaess, ecd., reBifitiop o tranyenitiondy the ditaetattion ofiBasid helixHowpihelix he

concent r,at range of .1-100 nicro /.. fere - Ueda Het. al.,

Bi ot echﬁbﬁ%ﬂt}@s%aﬁ%& J"B:ft%s;t%’( T?‘ﬁ?@%g{ﬁpg‘%mﬁ@gﬁ f‘?ﬁ"%@ﬁéﬂ TESPIOBHPY t he above
net hod Hgand binditigitd peneghteasilblof digiating, Fitskeade.of | abel ing with fluorescent
dyes such as fluorescein and rhodam ne, chineric protein of VH - R uc

( Reni | | po217 cirfiiesimpstag a@@ﬁhis’,l-caE&iEEEeRPﬂHﬂﬁ% eprpt baeshddR rRfmeRasinEWRhei n) 1S

constructed. .In l%}\He presence of uc's substrate coel ent er azi ne,

cheni | uFﬁﬁlé'é‘@ﬂS@S POresEeRt 2Etesm (BFFR) . i exampie map cjtherdp dwopbilieed in pssey no BRET

( Bi ol uniiesGR 8eBedabURE - o SEfitY Ebresk at | ow
Is @ dikay ANAL CTile hpeRBAY 8 A o

30 tenperature e, g. about 4C and in the presen ant 1 gen he VH

I

and VL paesrdéranbmsed blas flaorasseatiprateln (BRR) & iBRIcotiotortheassartitibhuor escence
01 VR R e B 2R i oo v s PG

200
example or other detection methods, as known in the art.

[00228] Cell-Based Assay:

" [00229] The present invention may also be utilized in drug screening and toxicological assay
applications. Numerous methods for drug screening based on FRET, and other detection
25 -methods may be ufilized 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,
aptemer 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 pre;')aration
30 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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50 24 March 2006 WO 03/ 035909 PCTI SG02/ 00252 5 [002251 Yet anot her

nodi fication of the first nmethod is as follows. Instead of | akd Mzrchi 2006
fluorescent dyes such as fluorescein and rhodam ne, thioredoxin (Trx)
fusi on p(}%’@@ 0 rotein, Trx-VH -EBFP (enhance bl ue fluorescent protein)
and Trx- P ?enhance green fluorescence protein) i <At ed. Trx
I ncreased the solubility of the expressed proteins. FRET occurred in the
presence of the antigen HEL. Reference: Arai R, et.'alL, Protein Eng. 10
2000 May; 13(5): 369-76. [002261 The appar at us and net hods of the pr esent

I nvention 0 be ugili 0 canduct c st S

Pr ot ei nd ?ﬂz&ﬁfﬁr THE PR S%ﬁ“ CCRITeT rji?e’&’é 3 E {6%?

cellula 3% hét @St orHondoiRRSiSiR etmaelt, h@ecﬂwﬁledlﬁfziehﬁn of
basi c hgxf | ngtﬁ rccglﬂ?Px thL 1{tipér]anscrl pti ong?bclt:?gl?s di meri zatj on of

Epi der nﬂbogmammot&laé@ pEGHEGE P)ae‘bq@@cwoamw&ﬂwgaﬁwwﬁ%vr@of@as gener at e
cellular . nalin ﬂézg RR&LALYS

candi da’?”’é Bt 8V sgdr(_t)? %mﬁ%%nnm 8%% esse et aﬁé‘&ﬁ&n%@ﬁaﬁ‘

reys as fusion proteins wth enhanced
green f btihody Geings the ﬂﬁceesner(tEnﬁdﬂ)palrfogeﬂmxmhmmaﬂﬁﬁcamtakhﬂacm betggplhi | i zed
In assay staions or gnbed ed. Xdrg]g’eés .0 t gl % g st.ations. The
{ar gbt SmPiBmPAoR G BE0H IH S pRIe o FONSROT el SRR B e
f1 uor esganhdifeRt&d d?n(xﬁBEd%):m't Brokeitf EoRelET shnﬂhéllctﬂgﬁncﬁgsﬁﬁyl mdledlepgRadd, t hr ough
t he channel s as descri bed above. Protein-protein interaction activates FRET
acti vi t yic, dould triggen rpgécseagy indRFdrsighel- ect i on met hods, as known in the art.
[002281 Cell Based Assay: [002291 The present i nvention may al so be
uti | i zef#0232}dTrsnetimedenuley man diffrsx intotely lepgnding enthe Glé?ﬁﬁ'l’ﬁ] EBCPihs. Numer ous
met hods_.f or dru SEIep hods
may be HERFT T BRERLSS vmlﬂ’tgicl)&t% Egg%g%r}:%mﬁ%?%u?{i |n t %h%??%% 002301 For
exampl erecdptorptualy as@hceasmams raa:aptoﬂoﬁaa’chmhdnmeﬂe m:th@pldsange efglucheorticoas hi ngs  of
the present invention. Synthetic small nol ecul es from conbinatori al
cheni cao“"’@lmpﬁ%ptlde library, aptaner library, etc, are pre-loaded into

t he assa st at i ons tions hav cond articul ar
cel | tyl¥823H4 é‘f"qe%ﬁﬁ jﬁx?iﬁl?t%?feﬂﬂ éi(% é%&l??o l'é:ﬁ%"g%gw

pr epar atd,Qfe ﬁ(ﬂth@ﬁﬁéf' ﬂl@gc Blrary . Ghd fre Gt slﬁﬂetpfn%fﬂhd ad)y siatfonfandthet i ssue
culture, "growh nedia. A fluorescent vital

b d. Aft
S lgsigisd o PO gineatrd Hith B SEEs i FPd s pregepi OB o

el rofgaéfgglﬁ 5nqﬂ4r&ﬁ9@%ﬁ B Wi HRcHaRhdls, deddsbiticR ABIV8, iakélve or ?” e

ot h&r wi ected b pre-loaded assay component s t hat had been
pr oVi demhitie nhddg. dscs&yhcg;tcﬁﬁhe@qgs 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 populat;on 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 digesied 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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51 24 March 2006 WO 03/ 035909 PCT/ S@2/ 00252 [002311 For drug screening,
cells can be engineered to express the drug target to be test &l March 2006
mul ti-subuni't receptor, heterodinmerizing or honodi neri zing protein partner,
fused with ﬁifferent fluorescent protein (e.g. EG-P, EYFP). Association or
cross |ink? &Y%t receptors or proteins with themsel veRClHCR8%he;
subunits triggered by synthetic |igand binding, small nol ecule or

anti body, brings the fluorescent protein pair together such that FRET can
take place or beta-gal 10 conpl enentation could occur, for exanple.

Conversely, disruption. of honmodi perized or .heterodinmerized or
i sfPS{?rﬁa? PR ﬁﬁ%&nlﬁb ' P@thécaﬁlqngam&,)\%qﬁ%ér?xw?% arsay
apt amer ,metBddolog M fhat bé HEREd RIHRSTRBRE chdd ﬁﬁﬁlﬁ]ﬁ Oftkein srfxﬁpﬁlﬁgéscgrﬁe smal |

mol ecul es_may diffuse into cells depending on the chem cal structure.
Hence, tdAVIdserednesrparsiedinled GRoprodrss dortayaplesnd oy f medt tpmbledésnsnd drgteassan be an

i ntraceld u | oo tar,. such as. gl u orticoid. receptor,
that - horasth el thelboRbzgby of RRER e IHE Rsl et B s FERCRBENR] 002331
The snalabd petbeiziihedyct theghinvad sagédquanily dedictd. may be derived froma conbi-them
library, peptide synthesizer, phage library, etc. and are first spotted

i nt aet h§ooaseyIwtintentioh AN fow BeR expitidbdvivith Z@HencER) dpseifd\ GhRRIGh&EL. VD "a drug
t ar get grrggtcfi n fmg to reegpfeld%orescent_ protein (GFP) 20 pairs are then

i nt r odu&BACFRERYS %@Qﬁg""%ﬁ? TeoH cedinasyskiil i thearhinataw ofthe peageinghed above,
in cell deserbtio! 9t BBt iRended GePRlsiNRnREn Befnifel ek @ptdsiitidha b?%e&c{bg)bﬁdeddr ug at
about 37C, Tor exanple, may trigger protein-protein interactron resulting
i n FRETClaigs aaf gheirfill enepotqupalspisi n i nteracti on woul d  decrease FRET.

[ 002341. Drug screening applications according to the invention may utilize
cell based and/or 25 protein assays. Such screening applications may
utilize the introduction of at |east one of a population of wild-type cells
and a popul ation of cells expressing a reconbi nant nolecule, for exanple,
into said at | east one assay station, in accordance with the teachings of
the present invention. [002351. Besides FRET assays which utilized two
fluorescent probes for PCR PCR-Tagman 30 assays nmake use of fluorescent
guenchi ng whereby a probe is | abeled with both quencher and donor. The
probe, when hybridized to anplified DNA fragnents, is digested by the 5 to
3" exonucl ease activity of Taq pol ynerase extendi ng dowmnstream fromthe
primer. Upon digestion
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of the probe, separation of donor from quencher |eads to a detectable
increase in fluorescence signal fromthe donor dye. Col ori mrepd Marehe2008n
can potentially be used in conjunction with 52 24 March 2006 WD 03/ 035909
PCT/ S02/ 00252 5 beta-gal conpl enentati on assays in isothernal

anpl i fi cA?8HPeays. Another exenplary assay net hodo¥O@BFRR%E2 may be
utilized includes fluorescence polarization, wherein small fluorescent
dNTPs are incorporated into PCR product, for exanple, and as a result

tunbl e | ess and decrease their effect on. the depolarization of |ight
applied to the assay station 26 having the PCR m xture and potenti al

pr oduct fHElEn and subsequently detected. 10 [00236]: The invention has

now been explained with reference to specjfic enbodi nents, .Oher
enbodi nent s wil)lAﬁéeﬂzﬂéﬁafr%ﬁ@%%%éy%vgﬁ?faﬁlﬁajﬁ?n &S fpraptqrizeddn that iy vi ew

of the fr, [mofgscription. It is not intended that this invention be
Iin‘itedfﬂ{e%ﬁ%%% aglplﬁnd'i cated by the appended clains and their full scope

cqui val ents. 53 o REShu2000 WOPIANSERNT B ERIRIONRS RN T 1) A

met hod for di agnosing”and anal yzi ogi cal sanpl es characterized in
t hat t fiest ael ecehdooippirpes chpmely wiereln saidstilsatt preet assayatatiog being sibgtet ibme assay

station, an arrangenent of at.least first.and secon b -.QUr pose
chanhel E® @r”é‘ie’ﬁ“egﬁﬁte -egﬂ'eerll %ﬁ‘iﬁrsg?@ Sﬁ‘éoélgffuuiqpé’ Mot %%?egsgamg H %%J? edina 1o0
posi t i OpprhmingcaRe ilrfavithovheesn sadiitt mulispurpi¢ciaredha ariehitiopeclpemeristiannel s
and in fluid communication therewith, wherein said fi rzl%wgu t] purpose

channel Ccﬁlésci'éﬁ tojcapdyiction il 2 sapple Spig tharethyoush, SH%E?I\%?‘PBI." ¢t¥on of a
sanpl e f i ehildigh Ghd E‘ﬂg &ge{asflaﬁrsd @ fpuliese tﬁflﬁiﬂ&l,‘ﬁna 3t drRlihatiof-medium

conmmuni cation W th sail least first nmulti purpose channel; and at | east
one i soinet inosesmeuication with said 4t keagidivshand sesoddomiiiipuipossoghannels, padattlesst r st and

second nul ti purpose chann Sl e . ) bk pose
chahhel “FaVTH g I%'{?ﬁ PeREE %gar?g&g’ﬁ‘é@%% 85?# cs"%ll c%%%%%%g gﬁ ugﬁgga%ogé&o% ] C?XI[ on of
sai d sagizhid shhplednidpbt ai ning a test sanple froma subject; preparing from
said test sanple a sanple fluid; . '

obtaining 2 test sample from a subject;

preparing from said test sample a sample fluid;

introducing a sample fluid to at least one sample fluid inlet;

20 filling said at least one assay station via said at least one multi-purpose channel;

allowing isofation-medium from said at least one isofation medium port fo flow

into at least said first multi-purpose channel; and

running at least one reaction at said at least one assay station, said reaction

providing at least one of qualitative or quantitative data relating to said sample fluid.

2) The method according to claim 1, characterized in that said at least one reaction is

a homogenous assay reaction,

3) The method according to claim 2, characterized in that said homogenous assay
30 reaction is at least one of a nucleic ac_id based assay, a protein/antibody assay and cell based

. .. assay.
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introducing a sanple fluid to at | east one sanple fluid inlet; 20 filling
said at | east one assay station via said at |east one nulti-p@dpNhNerch 2006
channel ; ‘allowi ng isolation-mediumfromsaid at | east one isolation nmedi um
port to flQw inéo at least said first nulti-purpose channel: and running
at | east ‘3&83"?3@%? tion at said at |east one assay statiBn’S@®¥5? eacti on
providing at | east one of qualitative or quantitative. data relating to
said sanple fluid. 25 2) The method according to claim1, characterized in
that said at |east one reaction is a honbgenous assay reaction. 3) The

met hod according to claim2, characterized in that said honbgenous assay

30 reaction.is at |east one of a nucleic acid based assay, a

protein/anti bgdy.-ass el | S assay. .5 4 .Mar 20 10 WO

D 655600 PCTTALEE; B’Ba%%‘gy‘%ra‘?ﬁéo AR 8388 Wgh"}% sl Riidle %‘519 Bi5BT act er | zed

i n that agay id ankadt ehcofagiolinerse chairti®saion ofa AverbeRakeriyife pbiymeRsd sHaRr ase
chain reaction or a revefse transcriptase polynerase chain reaction. 5)
The net K88 %ccor di ng to any one of clainms | to 5, characterized in that
there is further included the step of at |east one of honbgeni zi ng,
digesting and filtering said test sanple before injection into said sanple
fluid inlet. 6) The nmethod according to any one of clains 1 to 5,

chad@ct eri zedi nThaaethqdpspading to apg ope ek glaims { #ed, gbrserierived 8ty thdre Bppl yi ng a

seal i ngglay% i . i : d
according t gﬁ%‘?da%firinﬁ%%tep gﬁgﬂgﬁ %éeﬁ?ggrnﬁ%ﬁfz%%’tsﬁtgﬁgéﬁd@?&g % ﬁ%@ﬁf{r%glgged

pl aci ngbafere hijectisnirdo stid sapbtfludhimleAssay station at | east one conponent of
said at | east one reaction. 20 g) The nethod according to claim?7,
characterized in that there is further included a drying or |yophilization
step after said placing step. 25 9) The nmethod according to claim?7,

char act eri zed)i rMfichadthwiacardibg foaag bnosfelsdanp wte tharactdrizédindha thdreidast one
reaction is.a st _one of .a | abel ed probe or rker. 10) The net hod
accbr diHg H‘GEHE{‘/‘E g’r‘?é‘eaf’?%ﬂpl}’u‘%a ﬁea“ﬂa‘@e‘@{_‘g &F&%a“@fiéfﬁ%% 87 #FsPFR08ai d 1 i d

.7y The method according to claim 6, characterized in that there is further included

placing within said at least one assay station at least one component of said af least one reaction.

20 - 8) The method according to clatm 7, characterized in that there is further included a
drying or lyophilization step after said placing step.

9) The method according to claim 7, characterized in that said at least one component

of said at Jeast one reaction is at least one of a labeled probe or marker.
25

10) The method according to any one of claims 1 to 9, 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.
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communi cation is via at least first and second assay station channels in
comuni cation with said first and second nultipurpose channeRd March42006
March 2006 WD 03/ 035909 PCTI SGO2100252 11) The nethod according to claim 2
or any one of clainms 3 to 10 when appended to claim2, characterized in
that sai dY@EHEF8hous assay reaction provides for det ecRETHREYP0282 hycl ei c
aci d sequence associated with the presence of a pathogen. 12) The niethod
according to claiml or any one of clainms 2 to 11 when appended to f o
claim 2, characterized in that said at |east one of qualitative or
quantitative n regpnance
ener gy transfg?} q‘lllﬁﬁ%eﬁ%gggﬁggiggér{cco %!Plle OP?{S:&B% ange e%‘ﬁﬁgenr%?ﬁo

accor di Giin 8, chiaesicterizedan ﬂmtwuddmmogénout a&sme&ﬁbmpﬂ:ﬁduﬁbﬂdmﬁeﬁldﬁﬂnﬂc&m claim
2, chargg, qu”gcdalnl elsf r included the step of irradiating
cont ent £°'6f o -\ e “11 Prﬁﬁ’éce WF4tion after running at |east one
reaction or at |east a portion of sai d at | east one reaction. 14) The

nmet hod according to claim7 or any one of clains 8 to 13 when appended to

claim 7, cha c rized in that saidsat |east one conponent of said at

| east one reat?i bif FEhof acrerdag to Sanmoher a8y opapislimubioyl] weoeppendedid at | east
one ipri pgy Sto
13 when_ appe %3%3&?2“’3?‘ e D P e B ol BB E R B 3P
conponel§est gpe eff{cgesgence resenanesrpacngy sransfanluininesabcel op eslorimetrie cifnge. synt heti c

nol ecul e froma conbinatorial library of nolecules, a peptide.library and
an 25 aptaner library. 16) The nethod according to claim15, characterized
in that there is further included the step of introducing at | éast one of
a popul ati on 13) Thelnkthodmeccrding & cuinl 2eorpopaieal tlaimsdf to 2 hen aepdedssi ng a

reconbi p ecu sai S station. 30 56 24 March
2006 WS o PR sE s Bt oo p 5 (Roncn DG PGPS be. of
cl aisvs least anebbsayGhidomake iinaidg at Rasdi b refdtiofl o4t leabt@FhidAYE s aﬂh'a%k bieat i ve or

n r nchi n run nchi n
quatltrgécgm\)/ne data is provided by quenching or unquenching of

14) The method according to claim 7 or any one of claims 8 to 13 when appended to
claim: 7, characterized in that said at least one component of said at least one reaction is af least

20  one of an antibody, protein and at least one primer.

13) The method according to claim 7 or any one of claims 8 to 13 when appended to

claim 7, characterized in that said at least one component of said at least one reaction is at least

_ one of a synthetic molecule from 2 combinatorial library of molecules, a peptide library and an
25  aptamer library.

16) The method according to claim 15, characterized in that there is further included
the step of introducing at least ene of a population of wild-type cells and a population of cells

expressing a recombinant molecule, into said at least one assay station.

30
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fluorescent |abel. 18) The nmethod according to claim 12 or anyone of clains
13 to 17 when appended to 10 claim 12, characterized in that 2glahWtarch 2006
fl uorescence resonance energy transfer is provided by protein protein
interacti wherein a first protein conponent of sai e| n rotein

i nt eract i\gﬁgmsﬁs&wl mobi |l i zed in said assay station andp(gwicté’ pr otein
conponent of said protein-protein interaction is introduced |nto sai d
assay station, where said.interaction occurs upon association of said
first and second of said protein component s such that said energy transfer
may take pl acqy) ¥9e Aihod BE Hﬁ]tgh' t I g rikzed in
that said first rru?'grf%pgr po0 ﬂgﬂﬁgj?gfﬂg@géttgglggtﬁ%%@t%lgﬁdgﬁégm 3

conduct ilest aaf of quaitatisorpt quadtitaiivd date prosdsl tytquerebisp oowguedchingrif er nal  sur f ace
char act rirstclec aih /or shape characteristic and said at | east one second

mul tipu gs tl‘} characteristic that is non-conducive to conduction of
said sanple fluid 20 conprises at | ease one of an internal surface portion
and/ or shape characteristics. 20) The net hod according to claiml,
characterized hat t ere.js rther included a sealing step wherein
exposed porti B#?sTﬁ?mFth Lgpging fo ‘H%‘ﬁ’sltz o ipiane gheleims 43 gl 7ot apnrnded to

chanpel gaf €2, sRah@shi ok hhhﬁ ssﬁ@ht&egcéﬁgk@semn%@&ne?éﬂmﬁ £ﬁm@ﬂ9@6 vely,

nmechani cal ly, electrically, - 25 magnetically after the first and second
mul ti puprpmpr@mﬁ@ﬁmseﬂhemn %@rﬂmr@tmn@ommm@ﬁsmd iprbteimdprbtein indgradtions at i on
nmedi um ; i.cal sanpl es

char act &f ze@Il i?%gattd a?sa%gé qﬁo%%%’?p&?%@s X‘? e%?‘%\/s% p%’tem'p B8t rat e

havi ng iaterdcBarsis mIrteiuefsismys sail adsiyostgtioa where saddjitepdetiorndccads ubmkocxefﬂohs)&‘ and

<1t uat o4 o SRR LR sitreret it het e shaey et B eat

mul {4 purpose channels and in fluid communication therew th, V\/nerel n said
first nmulti-purpose channel has at Ieast one characteristic 57 24 March
2006 WO 03/0 P LVE - n a sanple fluid
“therethr oughS@Z% eas Oﬁ%@@%@ ‘%h%}alg%féee;a lﬁﬁlap%lgtrﬁ{gtr{n@{ HIBEwi th said
at | easﬂ)aﬂne}diaramtmmmqmdmeo adndmmh pfmnﬁsa&ipld fhﬂrSéoni}ﬂSeﬂﬁD:laﬁtdn@lf medi um
east ‘and second | ti purpose

i nl et ti th.s fi
chan nel'% o A a%ﬁ 6%’I"i{ii”’ ‘gorssb@%?rf arﬁﬁ?‘?ﬁ'hcﬁﬂ‘i skt leaptonp sscordyi ng at | east
one chamifrpdss bh&nﬂ&haxﬁ&ékfbﬁ@ih‘dﬁs h6n-EpAEEI04 fo@Bnduction of said sample fluid

20  comprises at lease one of an internal surface portion and/or shape characteristics.

20) The method according to claim 1, characterized in that there is further included a
sealing step wherein exposed portions of the said at least first and second multipurpose chanuels
 are sealed with a solid from ambient atmosphere adhesively, mechanically, electrically, or
25  magnetically after the first and second multipurpose channels are filled with a sample fluid

and/or an isolation medium.

21) A method for diagnosing and analyzing biological samples characterized in that

the method comprises:

30 providing a substrate having at least one assay station, an arrangement of at least
first and second multi-purpose 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 therewith, wherein said first multi-purpose channel has at least one characteristic
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of said sanple fluid; 10 introducing a sanple fluid to at | east one sanple
fluid inlet; filling said at | east one assay station via saidZ2f Marat 2006
mul ti purpose channel; allow ng isolation-nmediumfromsaid at | east one
isolatio i port to flow into at least said firs Lti purpose
channel ; r‘&ﬁﬁ%ﬁﬁ%. ng at | east one reaction at said at f(‘eﬂgqozqg?%gz assay
station, said reaction 15 providing at |east one of qualitative or
guantitative data relating to said sanple fluid. 22) The method accordi ng
to claim?2l, characterized in that there is further included the step of
obt ai ni Bgndacilvet cob@EbE of aMpR fMRiPh&Ehrough, 22 Rhst SMEsafble TREH AfE G di N9 tO
claim 22, characterized i naﬂ%at there | su%?’uart her i r%‘?;ipu ed fi’l!téhfe]:[ step of

pr epar i AYUPRBHNOR vathisaidt leashpisemultispungsise canggl dind 2jasione isndationenaihanr di ng t o

claim?2 I . [ in-that sai d at |.eas one, reaction is
a homgg%t%a%é@%gaﬁg%@pﬁé%&&%mé@% a?ﬁéec ‘%WS%LP&'EP(?S? ?Jia%"tlse gdptlegshe of

cl a: ns. omlsecwgmﬁ-@m@bmﬂmﬂﬂemeﬁngm i;embx_le&ﬂiaﬁb d cteﬁ@ﬁﬁbﬂ-@d(}ldh&r?iobdoﬁ&%oﬁne of a
nucl ei c_aci .assay, a protein/antibody assay and ce ased assay.
30 26) ﬁ% lddﬁé?ﬁ%gﬁéfﬁcor ding to claim 25, characterized in that said nucleic
acid based assay, inc)udes ai ucleic acid amplification reaction. 58 24

var ¢h 2006 WO oé}; 8 sy <tpd toeidepst anpyample hditel according to claim
25, characteri zefﬂ,i n t({}%lie sai d nuclejc acid based assay is a hybridization
assay having at HHIES eI a0t €58 Bation Virewridyableass pastaultiaBypoRhehannelhod
according to claim 27, characterized in that said nucleic acid-derived io
probe is | abel edlifFing isofatign-mediam frony said gtdyastione iselatipouedivogoditogowo cl ai m

25, chay@Gt Rhd 284 fidp ) urﬁc@ tei;n/ anti body assay is an ELI SA-based
assay. 15 30) Tge m?ﬁ%acc%%@%‘g’%g claim 26, characterized in that said

nucleic acid anplifdgahliQn .00 4 | eas e of. | ymerase chain
reaction, a reverse-étar anscr?%?%géapﬁqéﬁ%%tgggg% A nqwf;"esﬁléﬁf%ﬁo nd i sot her mal
anplsi f ipewvidingatlergtaneofiqualitative or quantitative data relating to said sample fluid.

22) The methed according to claim 21, characterized in that there is further included
the step of obtaining a test sample form a subject. |

20 23) The method according to claim 22, characterized in that there is further included
the step of preparing from said test sample a sample fluid.

24) The method according to claim 21 or 22 to 23, characterized in.that said at least

one reaction is a homogenous assay reaction.

25

25) The method according to any one of claims 21 to 24, characterized in that said
reaction is at least one of a mucleic acid based assay, a protein/antibody assay and cell based
assay.

30 - 26) The method according to claim 25, characterized in that said nucleic acid based

* assay includes a nucleic acid amplification reaction.
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31) The nethod according to claim 23, characterized in that said preparing
step further 20 conprising the step of at |east one of honog@d Kargh 2006
di gesting, purifying, sorting, concentrating and filtering said test

sanpl e bef&re ingection into said sanple fluid inlet. 32) The nethod
accor di ng"? 84 one of clains 21 to 31, characterized?$ WG %ai d
providing step further conprises a step of applying a sealing |layer to said
apparatus to seal said 25 at |east one assay station. 33) The nethod
according to claim 32, characterized in that there is further included the
step of placing within said at | east one assay station at |east one
conponent of said at |east one reaction before said sealing |ayer
application s ) 03/:035909. PCT/ 2100252 34) The
met hod accor d?ﬁ??%gﬁtﬁgc} %né%géﬁégﬂﬂcé%%c é‘xf%)% 1 If‘%’:ﬁsai 16219 Rassdh o

i ncl udeahsay is dhybrittization hsgayiiaiving zéleaso nesiuelicakidelerigadipiotel aci ng step. 35) The
nmet hod according to claim34, characterized in that there is further

i ncluded an inmmobilizing step for inmobilizing said | east one conponent
onto at |east one of a surface of 10 said assay station, beads, gels and
menbr anes. 36)8) The mekddodoadif@lodiad 27 LhaiVieRRa i&ﬁa&hﬁ'nﬁ@l@i@%ciﬁ%eﬁ@ed
characterlzegpyn %@gt said at |east one conponent of said at |east one
readd | doyeds fbelpd with figorescent de.| apel ed probe, |igand and reaction
substrate. 15 37) The nmethod according to anyone of clains 21 to 36,
characteri.zed in that said fluid communication is via at least first and
second assay _station channels in comunication with said first and second
mul ti pur pose 2&hdhaaethod ageordinggy cinhme 2ishiredierized br tHitngid proteimyntiody of ¢l ai ns
21 to § I ;0 that said reaction provides for detection of a
nuclei%ﬁggﬁgﬁgggggg%éﬁggggbiated with the presence of a pathogen. 39) The
nmet hod according to claim 38, characterized in that said pathogen is a 25
m crobi al organism 40) The nethod according to claim 38, characterized in

thaf said pagﬁogﬁgm'eﬁm@a%'m[dﬂ%’to claim 26, characterized in that said nucleic acid
amplification reaction is af least one of a polymerase chain reaction, a reverse-franscriptase

- polymerase chain reaction and isothermal amplification reaction.

31) The method according to claim 23, characierized in that said preparing step further
20  comprising the step of at least one of homogenizing, digesting, purifying, sorting, concentrating
and filtering said test sample before injection into said sample fluid inlet. '

32) The method according to any one of claims Zi 10 31, characterized in that said

providing step further eomprises a step of applying a sealin g'Iayer to said apparatus to seal said
25  atleast one assay station.

33) The method according to claim 32, characterized in that there is further included
the step of placing within said at least one assay station at least one component of said at least

~ one reaction before said sealing layer application step.
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bacterium fungus or protozoan. 30 41) The nethod according to any one of
claims 21 to 40, characterized in that said at |east one of @bMdreh 2006
guantitative data is provided by at | east one of florescence resonance 60
24 March 03/ 035909 PCT/ S(02100252 energy transfer, fluorescence
guenchi ng‘,ggﬁﬁﬁvggscence pol ari zati on, bi ol um nescence F‘é‘g%‘f?&’ﬂ?,zéz ener gy
transfer or beta-gal conplenentation assay. 42) The nethod according to any
one of clains 21 to 41, characterized in that there is further included
the step of irradiating contents of said at | east one assay station after
running at 1 l’?@%eﬂﬂﬁ%c%oﬁfﬁé 108 B3 Fhak&a$ed n AT hdrOR fRtthed Blcthdad al east
one reaction. 43 e nethod according to claim33 or any one of clains 34
to 42 whrging apiyepldiézitivmnstemdfiar smidplacinhsi¢ract eri zed in that said at | east one
conponent of said at | east one reaction is at |least one of an anti body,
protein, at |east one priner, nucleic acid, peptide, protein,. drug, or
smal |l 15 nol ecul e. 44) The nethod according to claim33 or any one of

clai ns 34 to 3P ThbertiRdpenitk belait B4 drdderizet ot thaitteare & datthieninblvded ad | east
one conponent of said at | east i?ne reaction is at Je st e synt hetic

A f
mol eculiBIobByHng steg Aey ol HizEe stifl fpshepe efmaenpnt ogiogheash opgy taisﬂ’g‘%iel rary, a

nuc gl %aia?ass%?E&ﬁéﬂ,@iﬂ&,yge%r}qdﬁi@mgﬂh@sner i brary. 45) The nmethod according to

any one o alnms 21 to 44, characterized in that said reaction provides
for screening, of potential drug candidates. 25 46) The method according to
any one of clainms 33 to 45, characterized in that there is further

| ncl uded theg@t ! H{eﬂa‘oa%@pdﬁgtp%ﬁnelo?eﬁfm@QQgfj,(ﬁara{ﬁ&%ém AR sgiq ap | d-type
cells and a oqua Ion of ¢ S ‘expressing a reconbi nant nolecule into

sai d atleastamscompaentsafagidst mest one reatfiyn Flableas ohoef sdelipdrabg, gand bud m 41,
characterj.zed. in that said fluorescence 30 resonance energy transfer is
provi dé?ch?}l%’Pﬁaiﬁ'n protein interactions wherein a first protein conponent
of said protein protein interactions is immbilized in said assay station
and®a second protein conmponent of said protein, protein interaction is

it roduced i g0, gal 4 a3sa SLAL Lo WPSLE.O 1846 VBE LA, MR QY 035909

fluid communication is via at least first and second assay station channels in communication with

said first and second multipurpose channels.

| 20 . 38) The method according to any one of claims 21 to 37, characterized in that said

© reaction provides for detection of a nucleic acid sequence associated with the presence of a

pathogen.

39) The method according to claim 38, characterized in that said pathogen is a

25  microbial organism.

40) The method according to elaim 38, characterized in that said pathogen is a virus,

bacterium, fungus or protozoan.

30 ' 41} The method according to any one of claims 21 to 40, characterized in that said at

least one of qualitative or quantitative data is provided by at least one of florescence resonance
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PCT/ S&02/ 00252 said interaction occurs upon association of said first and
second of said protein conponents such that said energy tran24eMarach PRE
‘place. 48) The nethod according to any one of clains 21 to 47,

character.j q in that said first nultipurpose channel characteristic
conduci vewégs‘gﬁ%&ucti on of said sanple fluid conprisesPABHF %845t one of
internal surface characteristic and/ or shape characteristic and said at

| east one second nultipurpose channel characteristic that is non-conducive
to conduction of said sanple fluid conprises at |ease one of an internal

surfac een&%&%n{agélfﬁgﬂgéf&{cg&?i g?&xgﬁggrfﬁﬁﬁeﬂeﬁ&gjo%zét@n HPEmiRiRAG Besfidi Ng to

any one 0 acterized in that there is 15 further

i ncl udesey sreadferuy bsirepl cvmplesicniaiorssyd portions of the said at |east first
and second mul ti purpose channels are sealed with a solid from anbi ent

at nosphere adhesively, nechanically, electrically, or magnetically after
the first and second mul ti purpose channels are filled with a sanple fluid
and/ or an i sebptihememrdiaddordi@Oio 20y omehd chithd Wictoad coadétariyet in thathands of
claims 21 to 49, characterized in tha t({]ere is further i.ncluded a washing

: |
step i Hugaacioded hasier dighing GoRiepts ghteid ¥ derst T @S PL R GHOTYRPBAENL . 51)

Th?admtlmpon%@aeﬁ@ﬁ 8%t st PR 6f Sfd f1AkIBhe &hefidh, 50, characterized in that
sai reacti1on provides for the detection of a variation in nucleic acid,

sequence associated with at |east 25 one of virulence, disease, phenotype,
interindividual or interspecific differences. 52) The nethod according to.

claimsSl, chaspahelicBl abddrditlab ofith 93 ¥2hol 3ht Bftikifhs MG Bl vihendfpdlaapgence
incl udes at |east one of single nucleot! de pol ynor phi sm tandem repeats and
i nser t ichs 34nilAractedziddn thetwid aBza® 2ne component of said at least one reaction is at least

one of an antibody, protein, at least one primer, nucleic acid, peptide, protein, drug, or small

15 molecule.

44) The method according to claim 33 or any one of claims 34 to 43 when appended to
claim 33, characterized in that at least one component of said at least one reaction is at least one
of a synthetic molecule from a combinaterial library of molecules, a peptide library, a nucleic

20  acid library and an aptamer library.

45) The method according to any one of claims 21 to 44, characterized in that said

reaction provides for screening of potential drug candidates.

25 46) The method according to any one of claims 33 to 45, characterized in that there is
further included the step of introducing at least one of a population of wild-type cells and a

population of cells expressing a recombinant molecule into said at least one assay station.

47) The method according to claim 41, characterized in that said fluorescence
30 resonance energy transfer is provided by protein-protein interactions wherein a first prbtein
component of said protein-protein interactions is immobilized in said assay station and a second

- protein component of said protein-protein interaction is introduced iuto said assay station, where
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said interaction occurs upon association of said first and second of said protein components such

that said energy transfer may take place.

48) The method according to any one of claims 21 to 47, characterized in that said

first inulﬁpurpose channel characteristic eonducive to conduction of said sample fluid comprises

at 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.

49) The method according to any one of claims 21 to 48, characterized in that there is
further included a sealing step wherein exposed portions of the said at Jeast first and second
multipurpose channels are sealed with a solid from ambient atmosphere adhesively,
mechanilcally, electrically, or magnetically after the first and second multipurpose chanﬁels are

filled with a sample fluid and/or an isolation medium.

50) The method according to any one of claims 21 to 49, characterized in that there is

further included a washing step in order to wash away at least one undesired reaction component.

51) The method according to any one of claims 21 to 50, characterized in that said
reaction provides for the detection of a variation in nucleic acid sequence associated with at least

one of virulence, disease, phenotype, interindividual or interspecific differences.

52) The method according to.claim 51, characterized in that said variation in nucleic

acid sequence includes at least one of single nucleotide polymorphism, tandem repeats and

" insertions and/or deletions.
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