WO 03/ 035909 PCT/ SG02/ 00252 A METHOD FOR DETECTI NG DI SEASE [0001] FIELD OF
THE | NVENTI ON [ 0002] The present invention relates to an apparatus and
assay sysweorms/osgech can be enpl oyed, for exanple, for detrertSGogoeszl

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

and/ or for pharmacogenetic determ nations. The apparatus conprises a
substrate with 10 one or nore assay stations or wells and channels arranged
in a manner to facilitate the flow o | uj t r appar atus and
designed to pr ovWMEEIﬂaﬂﬁQR@hrhéﬁNé ﬁﬁ%&@say stations.

[ 0003] BACKGROUND COF THE | NVENTI ON [ 0004] Biochem cal testing is becom ng
an i sipgly . 1L apor for various assays 15 including, for exanple
for 8@&@3?# ng Iﬁ'ﬁhﬁgEPhEBFhe presence or absence of diseases. Wile
tests have | ong been known for obtaining basic nedicaHfinfornatiqn gych as
bl 00d0904%h e haruesent mNeR oRTelassip AR PRRARLS NG B5pasesysivglseVighy Al heeamplqyed,

under o) £5: e 1 Re RIS ah Ysi b BiREds¥d Afl/or TRkt S8BRASI Rav&c waat | Y
expaggé ?ﬁ%’ndﬁ%@r og t est m%%%h cgn be %erforn%d.gThps, many tests have
bec ompeodue i andlilr dorf mhrarmacd geneticadesdrininagiahs. plingpapesituseontprisss dsatbstraiengith

pat hogens, 20 di agngosi ng a njtorjng disease, detecting. and ni_ toring
i goe of iofa R Aanes SroRrLSaRT A gl dicen e Dy netiih et e v of

conj YRgds (RFduph ke dgparN dddt désf_fgﬁed)fogﬁ@{fiﬁe ESHTEO 1A e @iund el bfihe @ésag

chem cal conponents has facilitated the discovery of new drugs. [0005]
Ther etdtigss.| ong been a need for "conplete systens"” allow ng various stages
of nucleic acid, e.g., DNA analysis to be perforned on a single device,
such [66033 BACKOROPBNDFOFIFHR INVENdGOAt ed, hi gh t hroughput systens are
needed which rapidly and sinul taneously perform DNA anal yses such as DNA
separjee04 BiacttnRER tevtichg tihBecohyngar iticteasinglydswortastdodSbisvaiousie¢segd i on.

Sanders, et al. (2Q0 Trends in Analytical Chem stry, 19 . 364-378.°
dyst apudipriar ??f?(n? © %f&ﬁtecgaﬁﬁlp@@oeﬁ?f){%&amsmeéa a&%ﬁ"%ﬂé&%@éﬁﬁmlﬁe sane
chip t&@g;%_v@ g&i;%@eregwn%a! By %t&iﬁlr@n:lclﬁ?ic rhedfeal iBiR4tfon Bth & blo&dl%%g)an&nal :

Chem, n addition, s , di sposabl'e nass-produced 3o devices
for constlatticomprdRlitg ver daeple, eguncedin wderstandingthd biechemisineundealyerst  No.

5,498, 392. For,_exanple, Yuen,. et al. 001), .Geno Resear ¢h : 405- 412,
pr ovir’&aé’é’%éseﬁfeé%aﬁ? é{g@{%'aégé’an‘%ﬁiﬂ&ef 138%?66 O&ﬁe&gﬁ %hlc%g?rb ne rg)r%l eg'orrl;ﬂéi U for
t he idEghabefdm®hvAllaBROfs @S apAlonad phipdlesabeth d3udeteeiin: pathakeaspl i fi cation

reactions. The m crochip nodul e conprises,a mcro heater-cooler and 1
20  diagnosing and monitoring disease, detecting and monitoring changes in health, and monitoring

1l

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

chemical components has facilitated the discovery of new drugs.

[0005] There has long been a need for “complete systems” allowing various 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 theréby permit disease diagnosis or detection.

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

samples can be amplified and analyzed on the same chip have been previously disclosed. L.C.

Waters, et al. (1998) Anal. Chem., 70: 5172. In addition, small, disposable mass-produced

30  devices for conducting PCR have been reported; see e.g. United States Patent No. 5,498,392.
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-cooler and

1



WO 03/ 035909 PCT/ S&2/ 00252 a series of mcrochannels for transporting
human whol e bl ood and reagents. The white blood cells are first isolated
froma smabloswsdonme of whole blood in integrated cell i solparisco2/RCR
containing gate-like mcrostructures which retain white blood cells, albeit
at a very low concentration and efficiency (i.e. 3-5%. Red blood cells
pass through the mcro-filters but tend to clog up the filters over tine
causing inefficiencies jn white bl ood cell isolaéio . The Yuen,_ et 1 al .
mi cr och? periesek sy goshapnelsdpetpupartiog dumspgdiole Higr ﬁl@cp feRgeni; ehe ‘@blt%bl.ooghi p
expens! gt AIARDIFA Foml My B GHORUIGH HGHEEERIUR i@IAdmepERENt |y
errployecf3 or analysIs. Two types o m croarray technol ogies are
known, cdaiNAnimieGratalilteamiaodruehirgowliicle raainrvehite Boddcells cadbeivdtagiegslosxam ne t he

MRNA le. b “on hybridizati ions. The 15
T Cr oar FGEBESER 4 SHoRE Eunbor < Bre Do P UP e Wa g Hep PRt e dng
requi “f&%lﬁ%@ﬁeﬂm fﬁ{e?ysv&%ﬁ@%%%éﬁ&fﬁaeﬁéﬁ inSEEHEb b BLelN8SIEoR MY S8, et

Rapi d di ag s are precluded an current mcroarray devices do not permt
sanmpd e gr mpaoettip emplayskemicnitegpeatmd snsa, thkingthe Yuerd, @0al7 thipdsipansoredb

di sadvapt ages of the current on-chip DNA anal ysis systens have recently
been relf8FPtHE. Such di sadvant ages i nclude | ack of sanple injection ability,

poor DNA isolation 20 and inability to conduct | tiple PCR anal yses. Yuen,
et al. [988el RbosmigpyKty dofiemnire Tlan@menﬂaém?wegﬁpﬁ@ﬁ& %{v%gwd?w&éypwfej n
cel | ul apnpl ARESRES et AT E e AN ASHICRANLY afll SEASRicrodil e Bl

t 0 ge

functioning In contr and regul ation o e expression. "Hybridi zation
t echni gigelsnol hriveexagsne teveRddeckprassion mad a stmplarbiasadsont lyybeidizafiomieatéons. Abe d

anal yses.to better understand,how dgenetic information functions in diverse
e AR e T A R L B L T
the bi ngbideflipesilidicbndidt S@fuchtitt beich afslyeks, RaplilEhBiotesit repludb@andnder
control |l ed conditions thereby enabling hybridization to occur only between
conpl enenteat picroagaiededess dagiohgemmbiamile Brepangtipe thbf itrsgated entp hagddri bl e to
conduct gene expression studies as well as a variety of other types of
anal ysi P00HoAditimal disadientagex pf ths siment ontalireDNaY anal ysirotystams haperesesilty

di ff i al ' f b h . b [ ' .
di seasereramtl Rk frealEiiin Rl RECE BURBIC At BTROBOL DA bblhian coc

in jne MAnSsELOR Rhdva@nhQtisle PERCsnal3ds. e dehest 1 Fapegbos hiphgeolitaincopy nunber
of the genetic DNA or through alterations in levels of transcription. In

cer t ai nipgoSIe MR %ic wa@?ﬁa& QAiRY BlelAlckilSlH Srocdlsés nchRliSHMbaclailtiAeth d¥ease
el evated expression of genes.
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.



2 WD 03/ 035909 PCT/ S@2/ 00252 [0009] Chips to which nucleic acid probes
are attached can be used to conduct nucleic acid analyses. Probes can be
attached wD 0383909 i c sites on the chip, such as assay st atPCarss02/Mesay
stations are situated in areas internediate between first and second

mul ti-purpose channels, wherein assay reactions are run, as detailed
below. In sone applications, the chip may include assay stations arranged

in the formof .an arr.ay. neti.c thods ufi)izing arrays on chjps are 1 o

advant ad émw@ﬁwﬁﬁﬁw PEPRSSWS %}PCE?Wtngr@B{JEQ Oﬁépaimueie WMt essing
t hat can,i e r t LG I a ar ed

t o Gony ApPECRRBes {dbd Al a4l AR K IRSCHE R hubPa L AR S fhe TP

pr epar atstatinss amditedtet ior opdsdnermedisegrtvatending. an@aeqoad multi ejuepase abamhelspet hods
using chips.typically require c l.e ff-chip sanpl i sal atian

i ntegr at“@‘t%f‘?ﬁlé S8Y rer?ﬁé?‘ég_r © oy aﬁﬁ%‘%ﬂgcﬁé‘ﬁ%‘@réﬁﬁﬁg aé’gﬁ%a%rogs’fﬂé? aﬁ%ﬁlayﬁﬁ%lu%ki ng
current 5 y@%tiéﬁf%lga}%@é :n?ﬁl%%&é ofEl Besls @énels nitehoR B LIYREMra¥PeNShiyEardnd

non- di sposabl e. is an object” of this inventionto provide
di sposabileantigepuchhcpesepachthips aownlivn siphkaneots, paradelproeessing tleat ot insepasyi ng

i bi hem | i | -ti ) 0011 RY. T.
P AVENT R R R BT et B8 e o bAoA i 08P ot s
and assayquendhenteseiddaml©prepafdtiexoadl dsctibphiorded e&phidtienanduéagneisicngid he

presence of absence of diseases in a sub%ect_ and/or _for detecti n% i

anpl i fi &pthadsivsing chips dypiedbiuensirosomplex pHzphiratasyan PN isglatiopninfegratgh@icrThe
appar at [:SES K ] i nnel s
R S e S SR e S

i nt noduaictioodsafidsihy came veryaxpesitd ariddoantsgosadilat i on- medi um The appar at us
can also include an integral sanple preparation portion and the invention

provi desoan] 129 ah GBjeoV@Ttthisesutntiot € pftvidertispsdbidinidroéhipgd pekhettins eagtdles of
invention relates to a mcrochip apparatus on whi ch nunerous types of
assays ey siatiges fos earaving ogkvastous Riochernical apsaysyn 199&iglen i s meant to
descri be an ualitative or uantitative analysis of a substance that is
exanineﬂ“ﬂQ¥ﬁEﬂéﬁﬂg{Yéﬂbﬁﬂﬁ ENTHINudi ng reactions that indicate the
absence of a particul ar substance, such as, but not limted to, a protein,
ant i body00123Thapodsentdneaition fis digentett tossmisedchipsapparajusi andiassayciystems meafide for

rt for particula

typically utiliz inth assays.. The inst.ant

m erbeneietgnef tes et fikrosPli R it S B Bisean ne VALK R ay
detecting amplified nucleic acid products or for pharmacogenetic determinations. The apparatus
comprises a substrate with one or assay stations and channels which are designed and arranged in
a manner which facilitates the introduction and flow of sample fluid and isolation-medium. The

apparatus can also include an integral sample preparation portion and the invention provides an

25  improved result detection system.

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

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



station may conmunicate with a first and second assay station channel. Also
provided are nmulti-purpose channels in comunication with the assay
station tWwooagbsoehi ch sanpl e solution and/or isolation nedirsaozenshe

i ntroduced and conducted through the mcrochip. 3 WO 03/035909

PCT/ S&02/ 00252 [0014] An enbodi nent of the present invention is directed
to an apparatus for detecting a disease conprisi ng a substrate, the
substrate havi ng enbedded in the substrate; a sanp pr epar gtl on chanber

whi ch mi§01d¢ Aooembagliment of dhe presqnémwgtlvmmtdér%treé&%@Hagat%f% FigFling a
introduction inlet. fluj hanber ;
a buf f eMSERGSHRE S S SugSt?aq% t?‘{"r ﬁl%gﬁétgg'ﬁ%ﬁggﬁ% d%%t 0t %%gtg%%a%aéaﬂgﬂgar ation
chamber prepafdioWcpiabartwineh flaytibd cohfigired fordilibfing thitadioodheitiyer safrple st ori ng
fl O\N—pI‘OITDtI ng fluid, the storage chanber fl uidical g%/ Eoughﬁ %ﬁtelo t he

f 1 ow pr dntesduaiort miﬁtélutdﬁa%ﬂyeqoupl&gdo SHe SYBPIS PECORFEIOR CAFTBS: & RY Ptroducﬁon

fluidi .C?'l’lllletyﬂUI&?%l:l}? ﬁo &:)? dt‘ljaqhe één%lé Bfe rtlb %pra %TQI?)EHOU-B Slupd &?a?rmer a

i nvention can conpri se an | at|on evice I solfati ng and

per mh t t isfogadel DumbEr far ftoting ﬂbmmomwngdmpd dahepstcapgar cltairdrer floaiidadly coupledéo fheow-
pronoting fluid chanmber; a first rrultl st.ri hutj.on, channel

f1uidi CQOWP@Wéélut%C}tWeEWI%W%‘F E‘ﬁﬁ?‘?% ?arhyactouplggﬂ tne

assay Stgli. gx%mofnﬁlg fhakd a{anfﬂé!rt Thpgfeg&%@mfehﬁ@ﬂl@in fufthsti c,%ﬁﬁ sle)én@%ioﬂdie{&et he

assay stati an 1solation device for isolating and ermttlnH fl ow
of a fl dordsélntimg drdleperaving flowoifi ar@llﬂ |fmrdﬁ:crs@mpl@rpr@mrqtm @g@éyr to the tlow

east  oRPBVATECHA RFORTCE Pt i dbipophiislipligh RRERp e o

1 uipdi calohy I%Mlng(ﬂluicpcﬁdﬁﬁ)ef"aftfféasfréﬁeldsswéﬁbﬁet}ﬁhﬁﬁtﬁﬂthlh ;ﬁl@}ﬁcﬁedhannel
mul ti - pur pose channel , the second 20 nult] - pur pose_ channel fI ui di cal |

coupl ed fugdicdily c@gslasl tes thetaseny: st%tm, arrl armseltatlvmﬁ@hcm isghasing dad POENEESIOW t h

the inlet f

i 6 S6pdit BBt HauonBiotph Buld G BEPRinTeLy SHEBARERTB Ay ﬁémr i d
chanber Futther tﬁé@&x&faygdeafbrbﬁﬂsd aﬁl&dsttolne buffan‘ln’ebmctmnynlbtetmrﬁmé’fﬁtd gdrodir¢ttinrinteh e
substrate and can esirapl e, gl ed. from.t h enviro

15
I n anot Kid lﬁbé‘@tlp]@fi t‘fﬁ@ﬁﬁ%ﬁ UBHT’OSF agel; SeERng B flrﬁ“?cl’sﬁl aIBWLr%e Srecg%fﬁ ]
ass 8' alafti- ﬁﬁﬁﬁ%@@ﬁﬁme%d{c@ﬁy L1898 hDaRReEtafé® ATk tiﬁ@lt @]&h@hhﬂ@ prékags i ons

per orrre se chanbers are instead performed in the sa
pr epar atvnemtmg; matiidbe inlgtdbdéipaliiheovpbadeg @hmcgrpb@uhrwp@%wh%neé g%h@?@épl? 0

hscnce RERPeiRa CbaRE e s oty Bt oMot la Ehe S PEABE BB g SR

det ect i REd thaMHABRIE B bARSIRIIAEd efxth@n i SERSRteSindtctn bé,lif dedirable, salyd!forf tem a
subj ect such as, for
env1ronment

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: (a) with the isolating device in the isolating position,
depositing a specific DNA fragment in the assay station and drying the assay station; (b)
applying a sealing layer to the assay station; (¢) injecting into the sample introduction inlet a

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

4



exanpl e, an organi smsuch as, but not limted to, animals, plants and ot her
living organisns. The nethod conprises the steps of. (a) with the

i sol ati ngwoe3iog®0¢ n t he isol ating position, depositing aPEpSGRH@SDNA
fragnent in the assay station and drying the assay station; (b) applying a
sealing layer to the assay station; (c) injecting into the sanple
introduction inlet a 35 biological blood sanple; (d) injecting a washing
buffer into the buffer introductiqn in]et t? form 4 MD 03/ 03590

PCT/ SG027 wogwe of the snple Peblopd ppd thearashiwadilisy Bidbe sHerle Reeraedinn 1§2Bbes &9 in

the Sanble Al ERALANIO L EIRTRSL: wh) bioRRYSIN ek oI EEhi S OARARLAI ElyiR e

whi te bl oo eavi ng said i’te ood s int sanpl e
pr epar at sagtpleprapiretion ¢Hgmbenj Exinjerting a lysiignignite iftethd iffer ihtendoctidreinlet to lyse

0 SR i LT P 20 oL SR s
: f I
preparat} Q%}llfjﬂlagﬂﬁ’ %nr%% ?%p(%%f o@‘bﬁ'ﬁ&hﬂ& ih@%bgﬁ:%b}{]ﬂg Bieh1l §ho bOfEG 1hRKE bIBW-1 O

pronot i ng ; iffusing a chemcal fromthe chem cal storage
chantver promotingBuid dhamhgr;c(hbdnffuglnglamhdmu:lahfrbmrthe ¢homicalstirage chambies muatheon

devi t t. fl { the lysing buff t. LS |
the 11 v shoRbrhotns B Shetim o Spithetne s8laig 8PuBs Birte fons R8T TR e hRle:
the assaynihidhi @NA%a hieh%qnw th@ﬁ%éﬂﬁauﬂﬂﬁh@%eb&faﬁﬁé’l 16 eHataabay S'f@lohhﬁ?] [ cting
fragnents; (k) yin fragments; and (1) detecting t

a1 11 ctbanve ﬁ$sa1g aistiod is ABed DERHE 150 DESORATE) R AHEEDRA NS [ 0018
or epar a1 REdy bRy Fepadfy: BRRD RUCLRE BeRmalFIBR AR eIACh ngs of < he
pr esent ew of the exenplary chip of

FI G 151; @Bgﬁékﬁb@%gﬁ%gﬁ%ﬁgfymbﬂm%pper surface of another sanple
preparatlon integrated (SPl) 0O chip i.n cordance with an alternate
erbodi melp18t FiGiel raég%‘?ﬂ’le“h ® FRREE SYdRss ﬂ% apFEeMBlapySSampls REPIFAAQR Biearaed

exenpl arpghing, ﬁ’ifac&x@ange w{tﬂg?e%]sa(ﬁ_ih%s oPthe freRnPindhiidnew of an exenpl ary

mcrofluidi'c chip in accordance with the teachings of the invention;

EE?E?’] PRI RS SURN A BB R SLBE LI, eéﬁ”ﬁ'xi% A T
Canpl o (POFA 96533 Pl P of VRARRL B} of ol SRERE prOERbL et S,

anothuer chifo@dicomidhnefwah a@m@mhtarembﬂumamt bfrihd |peeseim ipvdmehng sanple fluid
| [0021] FIG. 4 is a side view of the exemplary chip of FIG. 3;

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

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

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

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

and isolation medium and a detachable absorbent;

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

removed;



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

sanpl e flwods3iossoao pl urality of assay stations and an absopoarsGoasisng
excess sanple fluid renoved; 5 WO 03/035909 PCT/ SQ02/ 00252 5 [0027] FIGS.
6A- E show anot her exenpl ary enbodi nent of a mcrofluidic chip nade in
accordance with the teachings of the present invention providing another

e LR A D
FIG 6 Geepifice \Aﬁﬂﬂh@%acﬁi’ﬁ?m 8k }Sré%l?trlﬁ’\f/én‘iﬁ'gg?&ﬁ&é?%&ﬁ@gﬁ_s?% I Oﬂl%ﬁt'

+with the 10 teachings of the invention. w an

exenpl aryp C A L . i i- 5 h anpl e
g | SERT R Yl o] BBt e SRR, RSP BB i o e
i sol ati onf thednvemtiand sealing on one side of a plurality of assay stations;
15 [0032] FIGS. 7C 1-7C-4 show the sealing of another side of a plurality

of assay [(28] FUBS6 Bydepicts sdhetlek &ApRBHMWFHIEARIBp Mb&Sn Hecdrddncehawsh aot her
exengl ary sequence of filling and sealing a plurality of assay stations;
[0034] Fleechigesofdife inenEQ@npl ary anal yzer system according to the teachings
of the instant 20 invention; [0035] FIG 9 shows an alternative anal yzer
syst em t HEIBOhEYBS. TA-lHTAddshow cacxompbane sequiende aftfiling mplugality bfisssay s@tipns with
[ 0036] Fg% l%?lug pi cts anot her exenplary arrangenment that may be utilized
in accordance wth the present invention; 25 [0037] FIG 11A depicts an

iow of WIRHEIGS ot e RaD Bt Beetin b cmola i oo s medhugbmidrt s a

top vi eméééfin%@ﬁ@ﬂe§fd@toi_f@@§urﬂﬁt¥rid?gss%§%féﬁbﬁ‘§;y fl ow promoting structures;
[0040] FIG 13 shows exenplary fluid vent channels of an exenplary assay

station [0882f FRYS. 8- 9%C-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 depicts an exemplary sample fluid preparatory area;
[0038] FIG. 11B is a top plan view of sample fluid preparatory area of FIG. 11A;
[0039] FIG. 12 depicts a top view of assay stations having exemplary flow promoting structures:

2

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

configuration;
30 [0041] FIG. 14 shows an exemplary bevel that may be provided according to an embodiment;
[0042] FIG. 15 shows another exemplary embodiment of assay station;

6



30 [0041] FIG 14 shows an exenplary bevel that may be provi ded accordi ng
to an enbodi nent; [0042] FIG 15 shows anot her exenpl ary enbodi nent of
assay st awpma/33g® 03/ 035909 PCT/ SX02/ 00252 [0043] FI G lécdsgiozvesstill
anot her exenpl ary enbodi nent of assay stations in accordance with the
teachings of the invention; [0044] FIG 17 is a side cross-sectional view
of an exenplary configuration of channels in accordance wth the teachings

of the inpventiaon; [.0045] FIG ,18 is another .exe r is :
channel §5IQ4)°’r] 1ﬁf&l gﬁ%‘?@"@éﬂglaﬁoqlgrs?’ﬁeﬁﬁ’%q °g Sg%epg?%%s%'yoﬁ oggtleac O|Iar)12rgnsC ° St e
i nventi %tehfm@ ofHEd AlVeERAPESCRI PTI ON OF THE | NVENTI ON [0047] The present
invention relatés to an apparatus conprising a substrate having at | east
one as t@td o8 .1 n_whi } : | aphell gASt a
st ad A B e o B o e e

| east a ss@adattcasisiatheséamhingn of thenmedntioAs utilized herein, the 15 term
assay station describes the area at which a particular assay takes pl ace.

I'n partifged 53 FIeThed MR exéfiplagsaybadiabntat chammpls foeswitiplasaaplbtastidgd by
i solation nedium _ for exanple. The said first and second assay station
chanfel sceardingseibe wedliypesaféhs MVeyHfuni cation with said at |east one assay
station. An arrangenent of at least first and second nulti-purpose channel s
are pr 4004d DBRACHERMESGRIPIIOY CBAHRINYENIAONi t h sai d assay station. The

first multi-purpose 20 channel and first assay station channel have
i nt er nal[0@Al]f Beepreseat Avtstidnstelates to andppiretes compusnglasehsgatedfavigsd Mssone

solution therethrough. For ex le, if an uequs, fl.uid s e | i ded
the chaTHar G TBaePe Ry gu s Don PRI & e85 ThySp syl &4 A
hydr ophififeutdrmiRRihémshay herbadidtenscont Resag BaRSn Bharpal. t A< ulileded tlesimehs
(geonetric characteristic) provides particular conducive or non-conducive

chanact eerns assey statiopdescribed the ardaahndiich 2 pratieylanassry ok spidare 50 pHERRST s
having different relativ eonet r. .5t I Dy i Lon.
[004g] RrHos ity S SARTlE G A6l bl SRIAM b GATY BlaAbl

| east fiThetsamtidst allscRO8Eassehanni@l chaanels atch seashtehnae iiss odramuoivanedvithnsaidl et
is in communication with the at least first and second n@lsti-gu‘ré%ose
channel S lepRieons aspayaEtiohn AL EEYHATRD ‘P'Qtﬁﬁ'i‘ls EAndrSSERT MHisPugpose shapnels are

I nter ”a#réﬁ%&%ﬁd@%& hpﬁ?ﬁ%ﬁﬁﬂﬁ%%ﬁ%ﬂpsaﬁpﬁéwmtm. of heSFRkChnSRITRIrfose
: e, | 3

solutio or exanp O the sanple fluid’s aqueous, the second

mul tb purchaseel @hd finslassaysetios ghirmebhaywinigise sifate sparegieastiss copdiicivede tr eat ed

so ast Ocoplguchc}/o%ro ahs(e)uq{p?e' soluzdon 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.



WO 03/ 035909 PCT/ S&2/ 00252 [0049] The apparatus can further conprise a
sealing | ayer which seals at |east one assay station. |If desired the
seal i ng Iwoas/sam seal only the at | east one assay stati omET®Gozamsseal
portions of the apparatus substrate up to and including the entire
substrate surface. [0050] In one enbodinent, the internal surface of said
first multi-purpose channel permts flowhrough of at | east one of a
sanple fluid, air and an i solation-nmediumand the internal 10 surface. of
sai d sell8] fieeprarais sapiathsheanpis agepling lyery mw&@ﬁﬂaﬁrm}&%ﬁ%ﬁ%ﬂ%e
of air hsQl.at 1 ons j i I, Vi I

carpl ¢ F145Fied {35t RyRah uah b, 48 aDfeher R LR HRHOR el polont 8P
sur f aceagfarathe substrbaie-ypud pod motinimnthle endredfubstrae sufdfcece of the second assay
station channel imrediately adjacent to the intersection of the second

assay s{ms50pn 6hasmbbdigieg:, tHcnmet0 sek{Aae dfisaiddlrganeltiguaoie chaimel patdits
non- conduci ve 15 to conduction of said ,sg#r*r}él e fluid. This enbodi nent

f urt her flawéirengh phatilenst prsceda el Uk 2 ang prisoffipn-medgm prd BedBiymat at i on
as . lﬁ‘%acte %? sgiﬁasle& Iﬁﬂﬂaﬂ@ﬁ% tc%\%rg%e? &(taxlrxflﬁs iR ﬁ?\%th%t%th' og At 16[39(%21% bf 33%r an

substrate can Be con I'gure east first "and secon
mul ti - plsopooa-asdameus is it eonducherrilowtabigintheisthple fhlidir al i ty of assay
stations via the first and second assay station channels, respectively, of

sai d pl woal ] 1y aRdthassdodshaitioffise invhieion| the ahteind] ifads s8the STutiipaffsatharie]
arranged to provide at |east one of sinultaneous or aq%.equenti al filling of
i

the pl uped/px g syfacgs siye seapns 3semsstaiqmchapuel dmmsdiately adiaccabloibe dHesesiprdied
he B o e ;
St at  onbrReoFasdhy, HERH il e Je Bl AAREREIRMARN Hithofor bhtuchRo )

arr angetb dondption oesaid sanmgdes fluidn Thid ermbodilnbaniadber assists agthe diddalizaticn dfisagpbef
the first., and second .multi-purpose chanlael with the isolation mediumto
seal t h8uisitarthe pspy siptignasiyell psihe spalmeandrzpiaion ofihe 33sL3faL ¢t j ons can have

di sposed therein at | east one_reactign_assay c onent. For . exanple, if
PCR i s (W952bHbr svlesirate g8 beeaptigyrd seduihatead Aﬁ?éh’fgrg{)m@éﬁcq;@ BRE-BHPosgcaannels
primers [or a. : . m}, FLiel I :
conmuni %rgtq? %ﬁg‘ﬁ‘?ﬁ%ﬁgg’ﬁ%{ e{e)IQl ? ﬁlﬁtﬁoﬁr epa?[g%ﬂérﬂa aerhggl? %ﬁlg&getcﬁgdg%ggtsﬁag{) e can
i ncl udeclannkBasspatioelyf olsagbpiptaditpobpaaystittonsc Aaabbralithiof ksspaytabensry not
30 have a Iig. At l.east ope elenent for controlling flui.d flow in at |east
ol SRECHARFRIE BAbee vhvorbararst TrertehEag shisiudlh &t ot e.
8 WO 03L{@36209:iPEY sadp?d A8d adlutib@@eRductdiiehérleiVig the@ taabefirkd Mbli-puipbdee

channel s on the substrate can be facilitated by the .
channels and the first assay station channels. Additionally, the plurality of assay stations can be

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

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

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

and/or a probe.

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

incorporated into the apparatus or substrate.



introduction of a flowpromoting fluid in to the sanple fluid via a chanber
for introduction of flow pronoting fluid. [0056] The chanber can be in
comuni cawoe/08d90h a chanber for m xing said flow pronoti mgT/Siognasn t h t he
sanpl e solution. 10 [0057] The present invention further conprise a nethod
for conducting reactions on the substrates of this invention. [0058] An
exenpl ary nethod includes introducing a sanple fluid to at | east one sanple

inlet; filling the at |east one assay station and thz1 second ss% station
clieRitRip e DY ¢

channel [0953] {The flaw ofcasipledhiad intherchapiplhos e SHENHRE cande|

i sol ation-nmediumfremth - St [ t diumpe intt Qludfod bew
into at™ tré’ggl?thrh%ff% FPet r%ungtﬁlllé gﬁlratﬁ%gcgﬁlg ﬁgﬁhglf?&&;‘r]]%%r un{r?ibng atnl ezlilstmone
reacti Oﬂoartpr@ﬁioﬁngtﬂuli(east one assay station. The reaction in the assay
station provides at |east one of qualitative or quantitative data, for

exanpl eroo&6f G ABhbéCah 88 i EommiBication Rakh chaabaffotmating sdill Viewspromoting
quantitative data.can be obtained utilizing fluorecence which can be

provi deflulsywith thessasiplosmdutofn.  nt er cal ation of a flurophore or fluorecently
| abel ed probe. Wen fluorescence is enployed, the assay stations 20 in the
subss r af®50RMhb @résentaidiandive dusther kompriseastetimddoesaniduetitigogadticagoates,. The
probe can be l%brﬁl ed by at | east one of a flurophore, an enzyne or
conponefiPsHte ObHHY G Yl ex. The result of this method provides at

| east one of qualitative or quantitative data relatjn othe sapple fluid
bei ng af¥pbefin @S@E@é@r&r‘%ﬁﬂéﬂ%ﬂ?]ﬂg?ﬁ %Oéwl’éﬁl%lﬁat’flﬁlﬁpiu@em%é 4 teongfmgpﬁty

provi de ﬂ%lir%y tht lapfeﬁﬁ%%? %gsagf @éﬁ@ﬁgﬁ@ HRNEEAN dsERNedtRin,chhiBl PRIBE RCIBaNbne

col ori netrit change, exanp 25 [0059] I'f desired, the reactions
conduct ediltpputise shistl, atlewingrisdlatigonddionetomribieat leashpes nplaten megdivim gilet thor

exanpl e, thernocgycling. condi.tions. The test, sanpl a e Vi .t
appé? at H8Wb§Hq ?Tﬁ%/efséfhe&r %ﬁ@éﬁqrﬂﬁset ane safldglé?ﬁ%%tlgasgf’ &f reegétgono‘%ggld 2140
pr epar abhy gssaPeiafibh OMhe HABtoPIaRSkSEhY ¥Rt 6P Bioaideo Bt lea ohe opgudliedtive dr
separately from said substrate or can be perforned at ro%{qgall east one

pr epar agiamitstivet dasm fosgxemples agplommetriogesuli- nlhemé legsfirae 1tavy GoBEPLtRHEE at
| east one preparatiy t {dcRHQ Y HBstUie ofistterGladlS
suscept B%tfaec PSP %Baé%e%ﬁuﬁ&?{?g ﬁrde%g%ct%?%n‘gmt%g C%gggg}r? hgt eg In % he as s‘afl staqtrilons
on the sphstukdihere biOMGtEceatigidtietdairble. Wheh Sastscenes iassmjoyedaibe iasmay stations
conponent can_ be di sposed _or Bl ag}ed into the, att east o aSSﬁ% st.at i ons.
The2f eadt theFubsEafe HHORA léféleéﬁe A ‘”tié?aéf:?’i‘eo‘?%‘cg? 1o PP o ht° <_fﬁne‘?ec 9 WO
03/ 035999, .RGH g%sp%if a@dr@pﬁ&&%@ﬁyﬁa@ 3k chifipSRaP6f Abiadingicothpldx! UftRnce,
di sease, a particular phenotype or interindividual i

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



or interspecific variations or differences. Such variations in nucleic acid
sequences include single nucleotide polynorphisns (SNPs), tandemrepeats
and i nserwooa®3zand/ or del etions. [0062] The at | east one PeasGIM28hi ch can
be conducted includes a nucleic acid anplification step, and the assay
reacti on conponent mght in that case include a priner or prinmers. 10

[ 0063] The nethod of the invention provides for sealing or isolation of the
assays stations by displacenent of sanple fluid in the nulti-purpose.
channel gcigyseavenics ghaits aspncipses] with virmtence.<lieass, 8 ﬁ%&%ﬁbwwpﬁ&ril??ﬁ%%@élal
sequenti_al L.y I nt ; e LISt Lo B, : s or
ool ati Snidapdift il or@ftrchlesd £iRRaAERART Mo pBU PRRRooARAE

nul ti pugpekemeidnide polyheirpionas (3NPS) Mandeh edfeats ahdimertions and/beddetiascond

mul ti pur pose channel. The isolation-mediumis 15 typically a material which
is of a'mmﬁ’%etaﬂé&%dﬂe@ea%ﬁoﬁm% BeQohf€ctépiiBluged 4 tiidleic bbidtanfification
substantially imm scible with the sanple fluid., [0064] The introduction of

i sol at i stepnadi thmaprapveagtien edrapenentimighton thet pase iusydedA RITAET QrguBRers.second

mul ti purpose channel and the purging of said sanple fluid fromsaid at

| east fi[003] Thelméthed pitbe imveamoreprovides Gbrtsealing ar isdhatidnsaf|the assaysoftatimis dyat

| east one assay statio ont aj, ni ng..sai d 20, sanpl.e isol,ation. .Jn t case
wher e tHbgpf@Sﬁnﬁ?ﬁ ﬁaﬁ?ﬁgﬁfﬁ’r’r‘ﬂ% hgalplﬁg.—l}qrgq;r:g?ar{rﬁ qyr?é]tlil%f‘at %nr%élf[ﬁglélm‘i nel udes a
step of jQfatl BaRbdiAneallbe Sottddlicbd tddBentllyl i tBH6k 1Dk FiFrR bhd bYns aiuttiipagloat i on
medium [0065] A particular but not limting enbodi nent of the present

i nvent i oharinslsdirrisgatiah medivzmeh de fisstdplipdiiced inte Head keasidirst mpkipymase ghannel

m crof | yi.dic gevice nd .netho 0 [ [ : ' :

et nods (Ot PEEIRERR ATE Y BeRuarRhi g i Rur B Ehenty. ThEoRRNLERRANE:
DNA; 5 t 0 tydficdlBid @hierideivkich idfinaippasisesauriclae comphredfo the semplesluid, thitdk,ogi cal
sanpl es. The devices of the present _invention can also be used for

det ect i ﬁ‘gb%ﬁﬁlailyil@ﬂilmlé?éﬁl@tg%ﬁeﬂnlﬁigé]d’%ts for e.g. pharmacogenetic

determ nations such as for genetic fingerprinting. As used herein the term
" det ect [0054] Thedniseductpn obisolatien medivmgy Provides sha Brging ghai drogr saihah leatte t hat

a_subj ect. LaShuRBiRLE GARA AT il purk 8RR sAASaTIbRIRIEHARSAM Alet: AN el C

aci d. B>S/eq devi cer s nea h™ i ncor por at es ments necessary
t o transpifipupusd hatndgiestdtianith the idodationrufchidiatleastiote asgaly isfationcoupiningisid as

ol ymerase chain.reactjon (P .. The devi ce,.can optionally incorporate
PP et SmBleSBign, (1Drthe e SRR the oo G d b, dte inSGeThahed

m cro- f il di&fes assitéig&’ dt Rabt AR otRbli & RhOQEriag kh@ pd1y AR Aing REiTBSL 1 ROdeGaRP ! €,

for exanple. In cordance with the present invention, DNA nol ecul es can
e P TR Al SR By B ool s Lo
preparation integrated, disposable, microfluidic devices and methods of using such devices. The
devices and methods of the present invention facilitate analysis of nucleic acids, e.g. DNA, to
25  rapidly detect and/or assess the risk of diseases in biological samples. The devices of the present
invention can also be used for detecting amplified nucleic acid products for e.g. pharmacogenetic
determinations such as for genetic fingerprinting. As used herein the term “detect” or
“detection” or “detecting” means to diagnose or indicate that a subject test sample contains at
least one disease-associated nucleic acid. By “device™ is meant a chip which incorporates
30 elements necessary to transport nucleic acids and perform nucleic acid amplification, such as
polymerase chain reaction (PCR). The device can optionally 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 analyzed from a test sample, e.g. a biological sample. In one embodiment, once

10



applied to the device, the test sanple is assayed to determ ne the presence
or absence of a disease or assess the risk for devel oping a disease. A
"test sanwba3/083ypd oyed by the present invention includespramiseabodzsszsue and
bl ood. The test sanple is preferably whole blood. In one enbodinent, a
ti ssue honogenate or blood sanple froma subject is tested in the assay
systemof the invention. Were a tissue sanple is to be assayed by t he

devi ce and nethods of the present, 10 in ion, e ti ssue
convent i%REFY {P ‘%Sr‘ﬂﬁ‘é‘é?nt elgst ﬁi"f@’é%’tséés%(ﬁé éqt?r&"éedt £ BIISERE a@%qofﬁca OfﬁéllfF?S:?

and obt a 2]
vent | G e o e R o e i o
(vi r usednclbdes aniinal tissungid blpodt Brotassampié srpodemblyoriyde bbod. &nnomhe i ke) or

cancerous tunors can be detected rOV|d|n rus ri mer or
CONA o STHRARTRS & B PaOREtH Gt Hoal FIURF SELeh S BEHES LAk sxBY pEviem of
fluoresqggl fhvef[th@n t%%réﬂmh@s% ﬁssto%nﬂkﬁif‘é@@y o RVER ahb %e@l%ﬂs%% tﬁeppfemt

pri mer ere a | uorescent signal will bé produced if the test sanple
contlai ndnvdndiodi @easmmimg cvnveunstpnalimhdmgenge@@Eeste@(md filgragl togemave sadish

sanpl es .acc r nt _inven derived.fro subj ect s
el g wiePrf %gtewﬁﬁwf‘&qla@sw?kﬁ@ﬁ S50 b BT D B et t%Bil%Ve£§‘9n-vmer :

t he 20 hi ol t sanpl e is..derived from non- hunan anl such as

1 veat odR06G) s Famiter I Genes i et P EaR ol Y-S p A F B e oo
livest O%Cilﬁb@a%?gmgnp&ﬁﬁ& fike)REAHE: HPRRs dahDeRiBfckica %cymwa QdjiABDt
being practiced, "the test conpounds are provided, e.g. injected, or

opt i onalsbycific geinien or siBNt ¢rofagmient, mak-dabedaek withph ﬁtl@ﬁsmt mh@CplleésdnaS i nventi.on

i ncl uyde,, for exa iles | ives a eci and
donest 1 ogtrepb ek SHERAIRA HiprciPie iold il ust I A aPBRE Wi Nl e
bei ng. [fRE&EeNGERNNIObE Prodieedif efeerait shﬁ)ﬁ&rﬁohﬁ[hs thé]@ls&@wcgmmgwms

| ab- on-a-chi p which can have various channel dinensions (i. | engt hs,

wi dt hs, PReymedCRi aneters). For exanple, the nultipurpose channels may
have Iengths of about 1 mmto about 500mmin length, fromabout 2 nmto
about  1006fth Bielogiei test fampiesab@acordarsermith e prasent in@npan are danived fless. The
assay station chann I. | ary
angt h “OP BB a0 Ra T U RS SR hHip RO AR PP B RET L

aboub 5 tidlogialest: AT ik det a0 bin awae- hmdatnfhn&ﬁﬂs &b&uﬁs livestook t‘tﬂoocahﬁuﬁssﬁ@mn
in height. The deV|ce can cqontain one or nore le intr ductlon inlets,
one or SABPLESEHaggRsFaly obtringhle #emelwq%&ogk @m@& anth Jepepding aipon thegprticular

aCCOmTD%ﬂ.E)EI Aléﬂtq;ee gﬁl’x\gct%& he ﬁa'§ | L&HS JJ yd&f'@ &t&f oﬁoﬁ%ntalw free in

channel ng sel ‘el t er ent dr dplto c of
solution. Animals contemplated by the present invention include, for example, humans reptiles,

livestock, avian species, and domesticated pets such as dogs and cats. A preferred animal is a

25  human being.

[0668] According to the present invention, the device is a lab-on-a-chip which can have various
channel dimensions (i.e. lengths, widths, heights, diameters). For example, the multipurpose
channels may have lengths of about 1 mm to about 500mm in length, from about 2 mm to about
10 mm in width, from about 0.5 mm to about 10 mm in thickness. The assay station channels

30  may have similar dimensions and have exemplary lengths of about 0.01mm to about 50mm. A
sample preparation area may be about 5 to about 100mm in length and width and about .5 mm to
about 10mm in height. The device can contain one or more sample introduction inlets, one or
more chambers, one or more interconnected channels (sized to accommodate fluid flow) with

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

11



WO 03/ 035909 PCT/ S&2/ 00252 5 hydrophilic or can be treated with

hydr ophobi ¢ or hydrophilic naterials, and one or nore assay stations for
nucl ei c awoDM3(0839g2, DNA and RNA) anplification. The devi cecalsso2/pist er abl y
contains at |east one nucleic acid-adsorbant surface, such as a
silica-derivitized surface. The device may alternatively contain at |east
one rrenbrane filter for separati ng Wnite bl ood cells froma test sanpl e.
In on nmet h res éf vention are carried out on

5P

the davi rchb SR dr s ﬁ& “8?5?8 é{%‘i"u ogicygr Fn%aé%rﬂal%é%p@e plpyOre assay
subst ant isaltoys formReliert RidQLE! CDN%narquang §rﬁlpﬁﬂcatloﬁ upsd @é%r%deu tlécﬁ%gﬁg&?-} {?(Srﬁams

meant results can be obtai ned in about nutes to 2 0
anot her éhlsastione rli!!ldetor?@lqoads@ebmt jurleent sucimasd silice deridtipddatuefics afipd device may
and st or i f processi ng (S

i hi t sampl.e
e Fea Al boftnfhe 1800 B RENE by i Biatie TR s B fare e
test s amghﬁp]eslrﬂhie&lnﬂﬂﬁluﬁérﬁ Nht lhth &Rl df t}&%rédeﬁgmquﬁioﬁea?e 92{1119@ Bﬁtr dﬁ{\fﬁg faEthe 15

devi ces, and the liKke. rrpl e preparation protocols can
f ound®i n falloving sKtracsion o4 biolpgipal dest srmpde Son w@stammbmnmdmw dwaauml resi23d By

i ch_uti Thise GaRCimRRRaER et Mty Moo BOh e BB prBt Bosbehtipurs

non- nucl & ancﬁh:erakrr[hmkiﬁﬁekﬂtetﬁe pratntriByentioh kb Eoﬁt@ﬁﬁé@ﬂé%ﬁﬁpwyﬁéc%@stlﬁé)&f-c‘ﬂfp
interfere fl uorescent anal ysis of products are rendve

Pr e- pr oc 83&+ ﬂﬁ”‘gF §§§¥5’ e S8R {fﬂi’éfl’qeﬁ“b@rsfd@?lﬁeéioﬁt arater @agi Bee-mp@ﬁmgamg@erally |
nmodul ar - gpd|cseRamah %’lef QT Fe 148y ﬁ%dq’ifonﬁ R6w. CQL %gl% % de@%%sn(%rlcf;%gf&f‘lgp%o&t t ach

pre-processi ng nodul e conte At ed
to the ddewiess, afd thhéikpr Ssmple prepaeartiamouosdafc&t[amel a@lRME cadelFrind ThSambaAvt

al one nodul lin Uld eliyery tupe mhlch can connect to
sanpl e i fir 31? l\ﬁ()lc?? éﬁ’d‘é‘g égL ,aggaln?tnd qdﬁ“P@nﬁfidé‘PF bezsoomptiipd with kits
Pr ef er abfrym Qiage)'WERESHhGc | ﬁrh%ﬁft@ﬂz%&u%s frttinfbrarddto 6 %Ce wi th the
present invention, for pre-processing of a test sarrp and/or RNA is

separ at eﬁ)OﬁSDPP&%rQ%oce@élﬁé %hgﬁllCleW&)PB cf:%ﬁfég ﬂ{(%xg Uit uﬁ’ggél?etcn't” elsahﬁcatlon

crude sanpl es such as body fluids (1nc
aspi r at e®r, intapatssyith Hmﬂ‘g&mczmmlysstﬁyrmmla&sreﬁfwed Preoptbbessing s,

bi opgj es ani s sanples (surface

swabz;t)l f%ooggﬁlé(ﬁl%\/\g? grrfﬂm%ﬁnéls‘%wa?ﬁ WTE%‘}EC‘?I{&? %rsaé‘§§5%f‘t€§}°6‘h eéileglée Bﬁthe
enr i chedpraseht fRBhtigir Thd 9€-pré@ksieX aBalR conleh1RECHIMte WRHERMI R Huidical
cont enpl ateg enriched qr sen - urlfled popul ations of. white ce ils after

buf fy codtec Mhﬁdr‘«wgapif 81 sessn lawmiwn I&ésﬂagd elone urodulel (Theistand atmd noelulsis
bt A
i s nt ogy o g e AL thbe WHGRATTARGT B SRR PG iR e peen

solid sampd:relomhrough a fine-bore needl e such as a 21 G 28G SI zed needl e,
for

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

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

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

guani di um i sot hi ocyanate, for 12 WD 03/035909 PCT/ S@2/ 00252 5 exanple, to
i nhibit tweodesivedlati on of DNA or RNA i f sanpl e processi n@Ccarsaoabozsake
place imediately. [0071] In accordance with aspects of the present
invention, DNA and/or RNA is isolated froma test sanple. The DNA and/or
RNA i s adsorbed onto a derivitized silica surface inmmobilized on the

m crogdeviegg kB 4 heh; e : ri huffers such.as guanidium -

i sot hi ocyanal!t) e agﬁjl?%ﬁ%l—%%ﬁdgﬁglggf@% ?ﬁéﬂﬁ?%ﬂ& pﬁ?"??—“l‘ﬁa%&ﬂ‘i faks Blacs o pH
7.2, foriemadptety. The nucleic acids adhere to the surface due to

el ectrostatic charges. The adsorbent surfaces contenplated by the present

| nvent i of007af Iisteordagsd with @sReRads hahRsS Hﬁfgﬁl@n m‘%ﬁ%@@? g@%ﬂ%g%&%ﬂeé Boma

filters, gsaramagﬁeti c particles imobilized in
fields; ScsaHPior BircldNgy ard/ortRINA is adsoovidrogtd & derivitizddosilpassr by @rtabbilasEsn on

ionic chag j . 0Q72] I illzed or trapped nucleic acids are
convent i glﬁgﬁc{lydgggiieddﬁfg 8 regsgrrlrc[gv.o & W%%uf%ﬁl SUER &% SyehyE iggibiocyanate and

nacr onol NEYCedissolved iDNAHERNA T istIENaBh#EEQ 1Y 70hangi h f
P ?J(?f er oﬂggf ?g?k%gpl%i ?gﬁug{ﬂgg a\(%b Ser) ,

surface apd/ or ]ir;uclfi c acid usi ngﬂk_b

ei t her b?)ﬂ%ﬁt&é stagGAuS fo dgctipstakiccharges. Tle advvebdnt mirfices cafternplapidey the

i Nt r oduciQiy indasty | el ] re carri t .usjin ssive or active
val ves aéld pu%s@r@%&?@g prelégtgjhrdg( lﬁsé |68%53Wpd;1850p?mbggﬂ¥e ®. 20
e A e P S .
punps. [%@%ﬁlg lli%l}lig%@)g?ﬁa%ﬁ‘égp%i’tiaﬁecg%io&écd@@{gedﬂ@%espresent i nventi on,

nucl ei ¢ i are anplified at assay stations. A digital canmera having a

S ensli%ng @ﬁtﬂ:‘mm @“e&ﬂr fEpBPed Binlgie goifly pregonvintiongly washgd so camveamenplegy ed

to det ecdelhia@BdbrRf |- tted f the sanples in the 25
wells. Nucleic éci%@%ﬁ%@ﬁ%@%@éﬁ?@%ﬁ%% 4 Sfuge@% %aﬁﬁfln'g&?aﬁ’@{&ei%fs for
di rect antfacd andlrandeissncidieding bufer ofineligal pED(incidiAg WatirTRither by forward—é]obw
post - am%lrlbf |b%(§%/_gor]1ist ef%% “[1@074# Arﬁl jficatjon reactions conténplate y
the presant Sravent e Tordiuides of gmplsimtedectiongwhshieg anskelutien are camiet iooh,

| i gase elRighasRacs @avOvalvsolda ibd heat) i ' e 0. ON€

embodi nent |grpa reverse-transcri giu?%ﬂr? E%%%%(%‘?}pgﬁt”%é;?*ﬁéﬁ%%bﬁ%@ec%ﬁﬁfee of

revéfse F?fs’f??b’ls 95t sagtples Be intendugerbinkd thie dgviBbidsingogebismbee MaTHLaIRds BRkQsE
Step | s amEy hen e R s Rl P e B SE [o078] In accordance
with t h?O(PIrST bi:3 Qécoi‘cﬂ%gg %vjitﬁr(])he glsJI?elcF (I)Ic thg%iregesznt?lgx%nitiglg,rn%ccjllé:%cegcicilsn;rg a}ngleiﬁgds :tay
assay stations. A digital camera having a sensing element and suitable optics for acquiring
images can be employed to detect light of specific wavelengths emitted from the samples in the

25 wells. Nucleic acids are selectively amplified to sufficient quantities for direct and simultaneous .

detection without or with minimal post-amplification steps.

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

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

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

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

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

primers, deoxyribonucleotide triphosphates dNTPs, fluorescent dyes, detergents, salts and
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stations together with conventional reagents for the anplification reaction
such as enzynes, priners, deoxyribonucleotide triphosphates dNTPs,

fl uor escewD odpa®p9 det ergents, salts and 13 WO 03/ 035909 PETTSGI20@8252 5
buffers. In an alternative enbodi ment, sonme of the reagents (particularly
prinmers and/or probes) may be pre-applied to the assay station and dried;
these reagents will be solubilized on contact wth the incom ng

sanmpl e/ r t b L O e cond liquid in characteristic, inmscible
L SRS S SRR eSS e o
t hrough omng berprevapsiicdab & ks, Ait@r arldNBicA MRl SLLRAGEDH WH §E>t11H)riﬁ’zed-lgﬁfcz(i){l{:a(«):\}1 S

i mm sci bl e ILqui dwll "seal off' fluidic access to 10 the assay S
and act F4hAhemsenng sapple/reagent diqpidevintA serend Huaidtie dharhotbrigicofminhieible

contents i i .4 hat of jjacent .assa tations. [0076

The assal;jlpgfsste g%léi}gaﬁgﬁgﬁyatlﬁgel%g%\gt% 11]%%8%6%%@?%‘? ﬁ\?e@mﬂ %ﬁg‘{gg@ns@r a?qreagfed i]n

hi gh denslianyels agertthesarpletrenpetti MBNIGieOThe RimisBibldWARd HilrBQS] OfS fuihd {ch%ctg

haw]g)g a{ﬁ exenphgr é‘&é}#ﬁe rangl_nag from about 1 pi co Ilte( to abou

mcro |itEefssays O%Sr 2§ fPBYYi¢ad haries tq Preverd precinwanted riking ofithe aneents by

anpl 11y @Bdsdolselibn Wil Bhorafladonl 3 Whiohl about 10 to about 50,000 assay
a

stations. The present | nvention so“contenpl ates the inclusion of

i ndi vi dugpb : r for.each assay stations. In a preferred
enbodi nel?gé Ol QSRR R SR B BBl T Btne oo Miskranioer s
Conmon  tdidend twpadiarntionsoria et -difensi GRCHItR BSchi HhvRRGH ' be
optimzed to,a (S)li n%F set of thermal conditions t.);// var yﬁ%@aﬁ’z@g@%&ﬁﬁ@g
the anpli¥PERPHIPISDITeE B 2hayh S0 gHciodisers o Abe presextiinvestiof hosibe caggipts. For
exanpl e,sithiiRarRely binpBEy) Q1 L,a5; place either cling

t hrough a set of j|cl)r ege_t},er m‘%geg@%ﬂéﬂ%lgra S&’géég‘%%ﬁa@%‘ﬁr%§|t%?§@%g}5f0§¥ assay

denat ur #tdtiens. Be-pserent ioverpidnmiso amieaplhtagthevidlision oﬂ\iinaiwaﬁanaed7t%€n§aitc8{}é&9”
st ep. Prfg{éaa{cﬁ%% Satﬁhe algplif' cat i oriﬁreacti n is conducted isothermally at
a const ant Lerper ALTFEs:( .ag?re%%)i.en[ girrgnt the assay Flgtpnserasutieatérbtopoeseot

i nvent i digrmiahparpmnegitse Conhod MNGrA&Ratdnh i : ~ d in sj.tu
honogeneousl.y by detecti ngofl uoresgencﬁag%&ﬁleé]%rp tﬂg]ﬁgﬁl af%%»sr%yﬁﬁhonto be

; specifica
pr esenc &PBRIZed i pispglesebrithsraglsonditiDes by virgimgithe desirenfatle tmiblifcation
f1 ueg opholg LE lL.uoresces. on bindjng w.th doubl e-strand DNA
such as etch?%;}ﬁﬁnh%%%@eﬁ%b “L' %ﬁ?%ggg%, ?,Or Wpé%%g%ﬁlé%t@wmﬂwmay take
speci f i plapdeitbedyeyckngthnough aiet of predetushing] RADeRfutMrfckBAnRPHMIER | abel ed
sing transfer of fluorescent resonance energy. In

ol i gonugl eot i de prohe i ) ]

one emgﬁlaﬁgﬁﬁ?n’gﬁé&sg fg’éP £1 YHeaking vadrpryathest & 32 Hbextendier stethePrefimgtlet e
anmpl i fi datdngslifae6esctidis@BRd : j e detection step can be
per f or med dg%]iar i ndi vi dual the% STye eég%?%tgl{lgl?ﬂtqemperame (. 88°C:

[0077] In accordance with the present invention, the products of DNA amplification are detected

25 insitu homogeneously by detecting fluorescence emitted specifically in the presence of
amplified DNA product. Detection is achieved using a fluorophore 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 detecting amplified DNA
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anot her enbodi nent, the detection step can be perfornmed during internediate
points of an isothermal reaction. The detection of anplified nucleic acids
i s perforwed3msiohe a digital camera using excitation from aaTeiGh2/e02p source
of incident UV or other appropriate wavelength light, 35 and off-chip
detectors for the emtted wavel ength. The results of detecting anplified
DNA 14 WO 03/ 035909 PCT/ SQD2/ 00252 products are used in conpari son agai nst
a pre-a Lficati . i ich.is.e Id tall det ernm ned. h e

{1 for eodbagich Rt LR RRSTHLAEAILAN & BreCt BN Riselns SRIEG i etimbthati)

anpl i fi clatér@ined bycheflagiescenfbhBkidatéadeigywithihehdegetehi ditsiatd SbnRAFRhiIGE | S
determned with respect to different  fluorescent probes at the sanme assay
st at i on cY®le z&o Hilirreaaely, theprerreplisisationobpseline i deraniand vakgaspectiogifferant 10
[00781 Lt : t_inventi Al

carr i o Sorsl Bl Bt g Fitey HEHDBR ol fresh AT B ch BT bt B gy

i nt egr atsetiops.enents required for detecting the presence of e.g., viral or
bacterial DNA in a biological sanple and assessing the risk of disease. The
pregent [0078] &nisipasTeir&tlihat ANhRMVI betetph@bniiaidhtidHans ddratd ¥& caNHe Asatd.t ahive
measur enents of DNA can be wused to assess the subject's risk of having a
di sease ldroeamdin deyice qostainsahibe dntegraied slemeatraeqeedfon detppiiriel the presenchoici s

DNA in - i el . i ¢ . t

onet er G- g S5 PG el BRUER £8i0108et Wb BE bnG RS RN XRRSEMCE Rt 28 present,
associ afimcntiteetlesicoitemptossviatteily quantieatiab ardh qealbitivBanédslitementst dNTACA SahA i n
a test sanple indicates that the subject does not have the disease

associ atsed forRsseseubiegios sk sz{ﬁt}gﬂvm&?oilﬁeaa? oF ¢fmdEiqne JOr BReRRle; the PEFeRFerodl

di seaseg,poNs kAAWRiOINAahe teitdeRbidih@datcdhe REbiedGak @Qé.rg%%()ﬁgﬁttg GhEhctdiudn

t est sanp[e In accordance with the present invention. seases
det ect abhéch ¢rusescotidanard may he ehaskpioe Sevitg thevesepsomsoniateditereviith. are not

limtedQ: anthrax, snal X eqgi.o [re's disease,,. Al DS, atitis A
B, and ,OnY?fB%l?”ghF SE%egcep?}a%ﬁvgﬁugaﬁ“gﬁlsw .m‘i‘f?St Sfﬂﬁ“?%‘é‘ﬂwé‘gﬁﬁgﬁt!a“e H&I6F esent
i nvent i dBespet BhtsStht AgcaRi ReddiNed eres@ncer, | eukem a, thal assem a, asthnmm,
allergies, strep or sore throat, food poisoning, near-sightedness in

chi | dr efpeof AagWibtber SBinNdtidls BAGereR vk M AIMideh @9 ST LRI rIfeS fRniEQ08RpeT NE

present invention also permts the detection of pharmaceuticals in a test
san e. rapTHy sletgstod dn 2 dfst sameplp irsesntdanes with therpresent wentsed Juoh désegsesr api d

drug scr i . f 1 ] t he presence ,of a dr Jn.a particul ar
{1 saue. URERaB i hecoRlanEE LT bln Ve T RENGR R Rl Bl Sl

?f g he pegdegionnaive ptisemsepAIDS ddspdtitis A, B afleCeibbrnloss fiame] dneahiliisrogi fi ed
00

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

25  Nipah and sexually transmitted diseases.

[0080] The present invention also permits the detection of pharmaceuticals in a test sample.
This aspect of the present invention can be used for ¢.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, fhe 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.

15



30 and for genetic fingerprinting. For exanple, in applications pertaining
to genetically nodified food, the chip will detect the artificially

i ntroducedogane®otn the food by PCR For applications percaiSeongo2sy t he
genetic fingerprinting, the chip will analyze DNA sequence variation
between individual (human, plants, and aninmals) by PCR 15 WO 03/035909
PCT/ S&2/ 00252 [0081] The chip apparatus and fluidic network can be

manuf act C

Fechn; qied Be it fPhbs SO A BRloRton REIAbAREL AL Kl ety o

nol di ng,existinp mic@sdbriogtior ®slatiqwdslsath ﬁmglaﬁte&ﬂﬁfé pldaﬂghap&mybd@hﬁg qjlmlbogr aphy,
LI GA pr.ocesses,.  CNC nachini ng photocuring or tal form ng techniques to

forma AHEHIGH @Hldé)‘}ﬁeFFS%%SH’é&ﬂ?-s% allaben, é@“‘d’b‘@wg&?&lﬁrﬁ’éP@h&?%r%ga& G ati ons.
The Operﬁf&&%@eﬁbﬁcqﬂgcﬂ]gg@;}gh%g&ﬁl 5 AR forlink MAnRER RACARY i PRAA oBEA N

cover filmor ate. nsi ons of S canrang

typi cal Is;tuétummsﬁchﬂsmp@nm:hmmelstamdja@saymtatmﬁhei“ bd opem, chammi@ﬁr&tussa;aitatinmlcsn only
an ogtl % exc{ ns by which to produce the chip 100. O her
nor é’ ¢ éﬁ'ﬁ Floss GBYF MYipiieer numerically controlled (CNC)

machi ni n rreta formng, plastic injection nolding, or hot enbossing can
al so bel Thsdimpensionsraf dhg hemmelp e%@pgmmaLE@ogEémxpwm tor OTME. FI GURES

[0084] hpipefeleSze, ﬂll(?%bxﬂa(&oags o SHRALY, B} ek 1‘11%'1% Hcitls n;fé B whichth g)r%ﬁgé‘ﬁ%t us

100 havi'ng a sa preparatory area s as constructe
subst r atchip3@0. Shthsttmaﬁeecoﬁﬁnmauechmm@ehasmh aacomputblahjneermﬂye bomfolkdc(ﬁNa})

gl ass, plasti.c, | ast ongr such as po t hyl si | oxane (

met al , B}ﬂn}’g g}et%{%m&gﬁgs@c 1@8%‘?%@“&2 RaRMerbosting saualyo bs glv‘g%qdéﬂ"s for
exappl epiabiiods standard gl ass chem cal etching techni ques can be used on
a glass substrate. If utilizing plastic (with or without metallic powder

f1111 NOyodsd) IPYAHK IS BRSCTEPEIGR Ol PhEaeRABIG W th an embossing di e,

plastic 1 njection no g, resin casting, laser ablation, stereol | t hography

phot ocul ) SRE1G, a1l 37 83 ey AR ok HEp i el R Bl

process é]sud mﬁpmiolry/aze@ BipviS &8s «s:;mtrhcfted bR Bubstrawi3at iSubsttdle 36 c&EbSihadd dSiUeCt ure,

such as‘igl) ieemath {ns acr | at % )1 and exposing the structure and
cheni caf PaIHR FGh R 8 toss, plastitr g5t mBPeRaEPAl-drpcthpistore £k

patser nrrf?:ftal detEmic®R aTomPoSMe 1Y BrovidRi@bhdels Qﬂvﬂ% dedd oln e r#g)? \th é ZEd

in order to provide for inproved conduction of or exa
subst r astendBdigtase olmicaletchifig {echitiiies. cah be uséd drza gkgssaambstrate If utilizing plaStIC

(with or without metallic powder filling) to provide substrate 36, hot embossing with an
embossing die, plastic injection molding, resin casting, laser ablation, stereolithography
photolithography, LIGA processes, as known in the art, CNC machining photocuring and plastic

25  chemical etching techniques can be used. LIGA processes typicaily comprise synchrotron
radiation in a resist structure, such as polymethylmethacrylate (PMMA), and exposing the
structure and chemicglly developing the structure to provide a micro mold based upon pattern of
the resist structure. Metallic powder filling may be utilized in order to provide for improved
conduction of heat, for example, when substrate 36 is comprised of plastic. If utilizing an

30  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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30 el astomer substrate, a replication (a type of elastoner casting on a
solid micro structured die) and nolding techni ques can be used.

Addi t i onawioyw3/0339b9 con and silicon-based conmpounds nay be PatriSGoz/east o
provi de substrate 36. Then substrate 36 nay be sealed with the sealing

| ayer 40 (not shown in top view). If seal ed, various configurations of
sealing may be provided, such as sealing a portion of the assay stations

26 only, or sealin ay,,statio 26 in ¢ i i i t i

03/ 035ebatpeaes borsas Gyl Snarr AR RG a0 B8 22 ket
second L LG RARE;GRARAEY 2 3sAb Gird Zhat EEHPBE bhattlels and By sesibhng pluyléy i s
normal ly a plasti'c filmthat seals the channels and assay_station or

pl ur al i bfassayf stadasyexseplidhember eredpl theraletrandeutpla, by 3 benling progess inglyding,
ural : \ . ' AN v
ol ect r otyeimed iRt oy ROl iilctnding duntli s bRl TASGHIR, 1A no

consi st .4 2168 B&sishBf &héhstetibls Budsatlasdlat at gagic phtast ke elabtatrer tike poly-

el astonmer like poly 1o dinethylsiloxane (PDV5). [0085] In particular

enbodi neéimashylsifexase HPMS)1 ayer 40 nay al so be conprised of a self-

heal i ng/ sealing type of material such as rubbers, elastoners, gels and/or a
val ve/ | [(@88hi pariaylar debaseentd, the seaknetiesr damay slsg/tsrcommsised piaself-and/ or

ic, / hem cal h | I i oy ANl
Syt ngebt R e e of Rets Rouah anr ol RpaBbi s SRR E |

appl i capi gherll via ReEHanidl, ahd/es sRYtriceRaid/ormegteionaxior chemicakmeqlsethatiwdudd
assay station 26. Upon renoval of the syringe, the seali Ia%er. wll self
seal . | allgufer intipductienioba syarges farswawele; info cavered aseayl si4 £ G Vidy fer 1Be
mat es i al N L] j [ f Xt 24,1 Gpsy of
por fslr on%pqqﬁc\éﬁ?“élg?f gﬁﬁﬂﬁ%} %/53%( %ehg@%ﬁ%on%% %ht%%&gg?%g?l eb%hﬁ?%gfr it(I:t ed toﬁonl y
one of ginidel ofthestriadee tidGealinglagtn widl delfisesl. dDparfionlacsmbgdiments hpvevéron of

assay 20 station structures can be faorned. on the substrate 36 or sealing
| ayer 4€?,1f'8%m§?5661m§ tﬁﬂeﬁgm@?ﬁ%ﬂ@?ygf’%c‘ftﬂggg{can be nade on the sealing

| ayer or substrate. Follow ng bonding of seali yer .40 _and.t he

Subst r alAOSSD Fabistipn of ihe e S50% GRE0BPnS Beiegn enb b Farit s TRBUTHESF bR i

glhie sub isetts{r?ct(ggd toso%l)agﬁg ?S]f%g‘éh.lef'%blsﬁ‘é(t@ 647 sé’alﬂﬁg hiRHAM! FE0SREEE aiﬁartﬂfrﬁﬁfhrssay

gnnen provide the conpl ete channel ~or other structdre._25 [ 008 1
Enbegi nmemtisn sfudtires eqplar fatmsd b0 Ghensipstraie Bo deseating st 4G pad fiipowt tchagiiel ng

element. Flow contralli el ements i nclude vari ous val ¥es .es; and

restri _c?fff‘éfﬁ‘éretof‘}ﬁg’e ﬁ‘ﬁ@e Bﬁrﬁger %ﬁ?ﬁﬂ%&yﬁf or S\Vli)%%%[l ]fag}logﬂg}g égrﬁfn%%) £ %ﬁfem%lﬁlggrr% us,

i ncl udi pgi gRANBEESe 96 NEhdrtidfaPRirbEs G vasorRTRIBhERE bRFvidédarponix eRysubstrate

according to a user's desire or need for regulating/controlling fluid flow.
36 and sealing layer 40 are brought together in proper alignment to provide the complete channel

or other structure.

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

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

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

library or aptamer library. The at least one component of the assay reaction may be disposed
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[ 0088] Assay station 26 may conprise at | east one conmponent of any nunber
or type/class of 30 assay reaction, the at |east one conponent i ncl uding,
but not I|IwpoioBessod®, nucl eic acids, probes, priners, antipotdises2oest| s,
assaying salts, catalysts, reporters, quenchers, enzynes, proteins,
peptides, drugs, small nol ecul es and fluorophores, for exanple. Additional
exanpl es include a ‘synthetic nolecule(s) froma conbinatorial |ibrary of
mol ecul es, a peptide library a nucleic acid library or aptaper, library.
The at insast le@ﬁt@n@@mﬁ@ﬁpnéﬁ videcaigeayA ptlistoh cmer@claﬁ?%spg@éan%th
03/ 035909 PCT/ SQ02/.00252, | east [ ' ker.
A shor t & POYeCF SRpP T L Gk “BRanflF o35 Byl APkt B B otk k6

sol ut i opg,depeditienbs atdbskt 98¢ Sompinentdint Did & lgas oneyss@l Said2CEpaydelisdjeas a
carrier for  the deposition of at |east one conponent inti’ said at ] east
one ass@sposition; fi7 exempls)r Ahe partipyar gastier epBITS SuHilizedmay Sr?aﬂ&?. torhe

part | Cubdle @by Haflrafl FhHdnR. Bihtd AEMIRD D AHAPLRer] Chchias vy EN Of T

by evaporati on, r*exanp r nethods t Ive oft a Carrier, such as
ovens, kohpsahpes, foasedis etd,arcwelhknowetcthosainghewett! Tharaieast on¢ bmsponent,tsheh

art. The at | easf on onponent, such as probes and/or cells faor e | e,
may be BORE9ECY @%M%?@gﬁmp@%wﬁs bBT‘n‘igosféﬁ 1rg?ra§-sblﬁg%o SaY SR Honds
and/ or @%%%&]@%H@S arldP88korbfiof.he i nstance that an anplification reaction,

S , IS

such a to be run in the assay stations 26, before bonding of the

seal | ng{adrﬂg§fr£r§/ f}%’eln%aﬁ%cthﬁ'ag a.?rﬁ{li@icgﬁ Qont ChcdhGs PO, id do @ rtéﬁﬂ{ @k assky Priner

or pri eposite 0 each assay station 26 on e substrate 36
manual | ytafiondBe, defdrebonting sfibasealipgioleot0, dheldas say fisgmentdn b2@nipdified@nd/or

dried to drive off the carrier af the reacti.on_conponent before adding the
seali ngPTBFERT PRAMCISIEHLPE 1 Reriad 1BIFGER Y gt,an%a% B Stf*}q%éfgpaﬁﬁgl?%%‘gby
added Dgfighf diflfending! B0 ThaasaY sfidh DOT #bn andt fourveer webadBALE he
station y not need to be dry. O her enbodi nents may have the sealing

| ayer 4@aaticrecbrdperiant befoee Ridinzithe serding fayeh40.abspagticulsy eprhodiaeds, Wheesaaling

sel f-heal i ng/ seal i | ayer,is utildzed, .th r Lprl . d
af ter a@?gv%ﬁ' §F iagagdz%eaf¥%e the ?x‘lygg ?/&ats%aysséaf?p ez%fﬁgﬁs‘c%i S(%%é %B%@B%%ﬁggﬁgg eic
aci d fraggest nddl loebeaipl Ditieg dmbodimiedasmaphidvei the swaling layeit 40addad Oding theRNA
fragnents, cDNA, nucleic acid priners _and/or probes conventi glgal |y obtained

by €he Bimingsf thapsseya theicay wheanaarlfhrpinesualing-gyerdx uhhired; ths PrAbSS ISR Nt
usef ul ln%y%%%%&gégﬁﬁ a‘%%t:ﬁf&% 263s ﬁﬁ&?ﬂz’ith%mg&%ﬁ&’ spre-fabricated in a
synt hesi Zer. ns

comercl a _ _ he assay stations nmay be air dried in
2CoOrCagBgI0 b FAEBLIEE 9L Ao SERPL LD YGIG R LDONR 1
upon t hfragrasiner clONAQ&8EYic acid primers and/or probes conventionally obtained by the skilled
artisan using standard methods. For example, a DNA fragment useful in accordance with the
25  invention can be pre-fabricated in a commercial DNA synthesizer. The assay stations may be air
dried in accordance with the teachings of the present invention. Drying may be carried out at
room temperature at ambient atmospheric pressure. Depending upon the number of assay

stations, drying may take from about 10 minutes to about 5 hours. Preferably, the assay stations

are dried in about two hours.

30 [0091] Preferably, both the substrate 36 and the sealing layer 40 have hydrophilic surfaces to
enhance the 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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stations, drying may take from about 10 m nutes to about 5 hours.
Preferably, the assay stations are dried in about tw hours. 30 [0091]

Pr ef er ablwp obos3904 he substrate 36 and the sealing | ayer 4®@chsao2/mbyedzophilic
surfaces to enhance the liquid flow by capillary force. A typica
hydrophilic substrate 36 is glass. A normally hydrophobi c substance such
as a plastic can be treated to transformthe substance into a hydrophilic
substance by treating the plastic with diluted hydrofluoric acid or

sul f uri mvestich, is Wnaddieg a hegrophilia podymertseluions eicey gsidinges furkastagt toghe

hydr ophobj ¢ S%Pshggce , contenpl ated by the 18 WO 03/035909 PCT/ S&2/ 00252
i nvent i BYfropRobEy SURSHNAG E-+R/# 6phi | i ¢ pol yner sol ution, or by adding a
surfactant to the hydrophqgbjc substance, e,g.,..plastic. [0092 Qr
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utilize m croffurdic “applications, such as plasma treatnents or

coat i ngspplicationsx el . pldsnadreagmentpbresoathgs $or exainple. i As apexeyple glasg, which is

characterized as havin drophilic.surfaces be, t.r S t he
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(such asproeidtiapgareharadioe porsioneef the eppasxaapPe having patieaashegacifristos
teachings of. th resent Lnventio in . i .
conf i quPbHeHog Sﬁafaﬁﬁnls csakoﬁ sXemple %raccord%ge%ﬁltl ﬁxepté&‘ﬁingg_?‘E‘gle@&%ﬁ%l&émlon,f

user s prererence surfaces o

the var jpuseChanRpeids aaRepahiat taifiurdddcceniagpion pariguldrane’ vprfoeusepditi ons
(i.e. substrate, sealing layer) having eithe Whoil}l%q,E differr?ntifllly or in
any g onirfaces ofithetveslapeehanselp prtEations, Ky GEAMPS: PAOVH eV OHRBeaRs U-¢

arrangenen f sur Clerl St €S .4 : S 20 and
30 | ngFF S%a osreaé%g?raf}%?%ﬁ%@b%ﬁ%‘?ﬁ%%|dff{§é}gl?%‘lﬁlgg? 2’3 whfx"é‘?%?ﬁ% frg‘%(e C|14F) aci d

on a gl gg$aceh irderdepto wrwaidp heesiskiteeranpantgofisngadsychptagietbtiashogr aphy usi ng
20 designed masks having desired patterns. Initially, etched slides are
| Mrer segygoR] €handdle ShthyasP2ePEAEB MindE 1. fafexainple; ma) % shdshigallcetaleddiband
about 30% aqueous sol ution of hydrogen er gxi de_ (about gOW. 202) . at about
100C f ohydiBuera (HR) eid vRa eliss e 137 SXmslpy H1H BRHPOPREY 5 &‘i‘ﬁ OBTFPRY AR

t apag’it ﬁésiglge'%r%%&g 'ﬂa@ﬁ%ﬁfe%edt -aﬁglﬁlﬁf Rt eechyd RO RicSReheyRE Sito a freshly

res trve ring tHis steﬂp, e slide is checked for total wetting
achi evegreparsdveiyurpaif bbodt 70MesubBris lacidend fabputesd0irpiucounsrdutinal hyHeresnar e no

S11 de maone (BaPiggs BROPRT By SLpO ek Abet 8Rhb, thedlige Pt b incal 11
charact ?f(dréﬁé}ﬂ?ys bRkunning tap water over them several times followed by deionised water,
respectively. During this step, the slide is checked for total wetting achieved on every part of the
25  slide, for example, and that there are no remaining hydrophobic patches. Of course, a portion or
portions of the slide may not be treated if a user desires not to alter the surface characteristics at

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

[0094] In an exemplary method to obtain hydrophilic surface on plastic substrates, for example,
poly(methyl methyacrylate) (PMMA), polycarbonate, polyimide, polypropylene, polyethylene
30 ete, hydrophilic materials can be used to treat the plastic surfaces. The hydrophilic materials
include poly(ethylene imine) (PEI), 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



those area/areas. In the above exanple, hydrophilic glass surfaces are
obtained. [0094] In an exenplary nethod to obtain hydrophilic surface on
pl asti c swbaBatves, for exanple, poly(nmethyl nethyacryl arel/SGoMMRE2

pol ycar bonat e, polyi m de, polypropyl ene, polyethylene 30 etc, hydrophilic
materials can be used to treat the plastic surfaces. The hydrophilic

mat eri als include poly(ethylene imne) (PEI), poly(vinyl alcohol),

pol yacrylate etc as known in the art, By coating or brushi n%% El .
sol ut i off)095dToekdatpidraphabi weracgriy chapneh2handy Bt plothapnd 2¢ oihe ‘Iﬁlgi}’i’ngtSFFé’s

previ ousley hydr ophobi ¢ pl astic substrates are now provided with hydrophilic
sur f ace&1H°WD 03/ 035909 PCT/ S@2/ 00252 [0095] To obtai n hydrophobic

surface in channel 2 nd a.part of channel. 24, the foll.ow ng steps .ar
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made by 3M the coating _ solution i repared freshly with ou %
acetlﬁcyé%?EFf&tH& ifQr ‘?’*@Irgprl\fécw BHYE g‘Pg’E‘ﬁ erpical %‘:ﬁﬁﬁ@ %&’é}&%&“@ﬁ?ﬂ%@ﬁ'b@e
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patterneda rophilic ass) and hydrophobi c surfaces (treat edh‘%l ass) are
provi dedeceEbirg forsthe finyshomgeccafedrstidgs toxterrptedrat amevéroetabRudRo abowtHOHC der

ordinary skill in the 20 art, far altering surfac har LSLLGS

subst r attROU P8 tp%E?ﬁ%qd&yl%ﬁquflmz(rg;aS% atnégw rscikr%%lflg S?‘g%"gg h\%?l((ﬁ%églg%%%rg) i's
connect eghyiydd. CPHib ¥s orflf bRE BElinekY eeniparly igethigfseinosurtd dwse of orglitasy sidll én 86
such that test sanple inlet 2 is fluidically coupled to sanple preparation

charer ag foneltauing seaaneharasterities eba susEate4 i s al so connected typically
perpendi cular to the upper surface of substrate 36, and such that buffer
i nl et 4 [00972F ekt sainatile ilet2 footgst wenrle (saypiode ploephis sorusatcd hareRly 6 t hr ough

Ue T owarrerrraiee EPeORRPLEeq POOER s 3¢ SR B hplo el RAKLRLAY o7
coupled to sample preparation chamber 6 through channel 5. Buffer inlet 4 is also connected
typically perpendicular to the upper surface of substrate 36, and such that buffer inlet 4 is

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

mixture of e.g. whole blood sample, lysing buffer and washing buffer through the sintered glass
block 31.

30 [0098] The block of sintered glass powder 31, which is inserted into sample preparation chamber
6, is also called poroﬁs 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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absorbent 5 and/or a vacuum suction neans such as a vacuum punp is applied
to extract a mxture of e.g. whole blood sanple, |ysing buffer and washi ng
buf fer thwouwgi3ishe sintered glass block 31. 30 [0098] Thechiseokows2
sintered gl ass powder 31, which is inserted into sanple preparation chanber
6, is also called porous glass. The typical size of a pore ranges from
about 1 mcro neter to about 500 mcro neter. The sintered glass bl ock 31

Cypi Oal TR RGTATIPer by S8 RHET Y HEAFAABIOD 18 "o & 1 g RIse Pipgl 31 inside

differ er}ﬁ@éarﬁﬂ?@bre?ﬁratfoﬁ%h&h%@r @f the glass block 31 is slightly larger than
the size of the sanple 20 WD 03/ 035909 PCT/ SG02/ 00252 preparation chanber
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sanpl e reparation. ch er.6..So, therefore, the elution buffer contains
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subsequeq)to, BERr LRARIdaA regiitbd th YRFEHE I sub&ly 861 PR rdbtidnd T Bricad Welechidh
be added to the elution buffer at this tinme. 15 [00100] In another

enbodi nefithe RER peodust pan reastdled & the khitios dulfer arthiadidie i on of a | ysing buffer
to lyse cells. Instead, the cells are lysed utilizing heat. The cells may
be heat 00100] dnl apsiley embedipematthareisaio heed fottba ust of dr additisanph &y sprecpefeatid on
chanber 6 or be conducted into.the  ass statio and |ysed.there. In
a parti élﬁeéFllgﬁ%‘é@P F,Cgl HF !L?fsﬁ‘ﬁ Eltﬂléz_l%g‘?aér %ﬁﬁaﬂs e ealfe}ﬁe@_tgé may be
ermbeddeqerh i SufPGhef SERY sBill & beﬁ’rﬁblggrebékaﬁ&g Sliankir B Ry el i itiato ther mal
20 cycling at each assay chanber 26. Furthernore, heat may be also utilized
t 0 evap@say staginns anblysed Biere| Inwipertichla tabodiment.deniniaiuiehertenand temperature
concentrati I , . sappl e f.luid.., Thi

cvapor arrbe’ B el b e B ATRRR R in e B BBRPRII M 0T o, oy

i ndizgi dugdlingss @yclsisahy olBntdd 26§ BurtleotmioRs, GeatWh®r I6d 41sd ieliZze ad evigolady et 40,
may be gas perneable hut not |iquid perneable, for exanple. 25 [00101] In
anot her JEPBBIRTREMION bufiqrdm erder cinpisatsdht eanceriErim e aanthic fercexpmply Dhidy in

el ectroni

shmple fluid. This evaporative step may be conducted at the sample preparation area 78 or at
individual assay stations 26, for example, wherein the sealing layer 40, may be gas permeable

but not liquid permeable, for example.

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

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

30  [00102] The apparatus and methods provided by the present invention are useful for a number
of various assays/reactions. For example, all of the required enzymes, fluorescent dye,
deoxyribonucleotide triphosphates dNTPs, detergents, and other chemicals and buffers can be
added into sample preparation chamber 6 through buffer inlet 4. If required to enhance the

elution efficiency, vibrating actuator 34 can be applied to oscillate, typically vertically, to press
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sensors may be enbedded into each assay station 26. Utilizing this

enbodi nent, a user is provided el ectrochem cal -based detection/data as a
result ofwessay®oyun within said assay station. The dat apeasGoz00232t he
form of changes of electrical conductance, resistance and other indicators
typical to experinents utilizing electrochem cal detection, as known to
those in the art. 30 [00102] The apparatus and nethods provided by the
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added i nto sanpl e preparation chanber eqw red
t o enhanempleleepazhtion dandfef bci ency, vi brating actuator 34 can be applied to
oscillate, typically vertically, to press 21 W 03/035909 PCT/ S&2/ 00252
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t echni ques pressurization fore the buffer in chanber 12

flows o t e rt

o i 3 W SRS ABABEPEnds 6000 R fon BBt M e,
i's, 200 weaor ﬂie mnewvxcg purposek: (bylfofxﬁétexf 1hewiuffer ﬂumntgfouc bﬁﬂhﬁibeﬂzz biyatds,aper
ch0| ce of vaqlune of chamber gpé to ret al n buffer for_period_ of tinme

to let APl yoleme th&ﬂlf%hﬂﬂ%f%g)él ¢hagies | & by Reopep phaies offobimge e ghagber
chanber %g (Z?Wreﬁa?l)x bhfre n%ﬂﬁ'b%fg&ﬁo% EPREGRIDNA | K8ribAfon Rpd tg@x’ﬁ‘igbefore the

previ ous n the cha y evaporating a portion o he water 1n
buf f er . buffer flessibtti afghamber 12; and (3) to increase DNA concentration, as mentioned
previously, in the chamber 12 by evaporating a portion of the water in buffer. The resulting
25  higher concentration of DNA in buffer flowing to assay stations 26 increases the DNA detection

sensitivity and specificity.

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

established in chamber 12.
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25 hi gher concentration of DNA in, buffer flowing to assay stations 26

i ncreases the DNA detection sensitivity and specificity. [00105] In one
enbodi merwp ocloasyber 16 is provided for the introduction ofPcCirisea/poenot i ng
fluid (FPF), released through diffusion channels 14 to chanber 12. Suitable
flow pronoting chemcals include, but are not limted to, heparin, sodium
dodecyl sulfate (SDS), cetyltrimethyl 30 brom de (CTAB), Triton-X, Tween

20, NP-40 and any other surfactant that does not_inhibjit subsequent DNA
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the sanpf ﬁ”ffr Cgf?ﬁ Efce %g% @ﬁ%ﬂs’%}tﬁe Su& ??}hanflelig 29’ 31(:6I’1%§surface
of ghanneh$ sidfons3tk). 2Bith @E@adﬂﬁuﬁﬁﬁ&h{e Blblatth@ﬁlﬁfa%&ensi%tlhldvl‘b@ecbdilduglh encAike t he
FPF, the surface tension is | owered enough to cause_the sanple fluid to

f1 ow t hitksusgmpleaflwie ta dlosnidironsherabisriSrrad mateduher iporéhothrishawiels adaseysay

stati ons,. %‘901071 During this capillary pressure flow, the air volunmes in
channel s E 30, 28 and assay stations 26 are at | east purged by sanple

fluidt | east o sec

fluidi cgéwgﬂgzlgf 5 Capﬂgar sgi/uqeéﬁg‘?i on%ﬂ% cfz lglé:(}%on N%Of? 0 aer‘SarndOa &Y
channel stafléns BPare ah Rhastfiageiet ssazible 80id (RBuahedt l@5S ayie sdcahd assay a&nlnemme
filled with the sample fluid. To ensure that all a'&Ehe assa Sns 26

becafe fiHGhede ﬂﬂtdhCEtIWec%lﬁlr?ﬁlt‘é the agpay, stalioas ¢8 PRFECcORp BT yumose P21 i s
desi gne%aighﬁg ﬁtzgl 9@82 £AURLay! RatRins 96 sa&&ﬁe fhapu&tﬁalecsrammaav%wanef the
channel s 5 8 an assay “stat1ons :

that all of the assay stations 26 become filled Wlth the sample fluid, the volume capacity of

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

channels 20, 30, 28 and assay stations 26.

25  [00108] To prevent the sample fluid from flowing into second multi-purpose channel 22, the
following measures can be used: (1) Valves can be installed inside the second assay channel 24.
Such valves can be actuated by actuating means such as mechanical, pneumatic or
electromagnetic; (2) a porous material can be installed inside at least one second assay channel
24 to block the flow of sample fluid but allow air 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 vent into second multi-purpose channel 22; the
hydrophobic material typically can include, but is not limited to, poly (styrene-butadiene-
styrene) (SBS), poly(methyl methyacrylate) (PMMA), polycarbonate, polyimide, polypropylene,
OTS, fluorochemical acrylate polymer (such as EGC-1700 made by 3M) or epoxy resin. For

35  example, SBS can be dissolved in an organic solvent to form a solution, which can be cast onto a
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25 [00108] To prevent the sanple fluid fromflow ng into second

mul ti-purpose channel 22, the follow ng neasures can be used: (1) Val ves
can be i n@paBloas909 nsi de t he second assay channel 24. SuckrcrsiGozgo2san be
actuated by actuating nmeans such as nechani cal, pneumatic or

el ectromagnetic; (2) a porous material can be installed inside at |east one
second assay channel 24 to block the flow of sanple fluid but allow air to
vent into second nulti-purpose channel 22; 30 (3) a layer of hydrophobic
mat er i alglasayr plostic surface 3eobtaingovery thin Gim biidryegoRBoxssER cemhnAdecthHdrpgped

bl ock the, fl f le. fluid but, al if .t ' .
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f I uor oc kkembesaiby secopidzaseayeliapne 24 (batedanakerirnto AgeondeaRI ingHpag channshdxy

in. Eqr, 35 I j I 1L [ I f
Cor ut i o Mgt Ao SR uft 33BE b 2800" BT Sco21 0252 gl ase or

| ast i f t 0.0bt ai . .t hi ilmb [ i K
G et | 008 B Gretingr b A b o rwdk BB I Dol FRb e Boat
ul tra- vigligburbbhd cHashéing, e Widtldingetef 4) selbrel makipuaie bhamelenes padvidaitos at
| east one second multi-purpose channel 22 so that the sanple fluid_ can

occupy dedwpget theisthy widthidiameternofngeondeaspmn chapna 24ias depisied dmexamnlay HGr pose

h | 22 L | I . : i I~  +&h ,
chemnel 35 S 2 PO AR 0 AT AL L PRSIl
fr om enteflatdgncaeGotiich miay el sharpDpmads; hammebdxiRdiely the entl F hisdy elrmhelr240f second

mul ti purpose channel 22 is provided to be |ar, Fr that, the w %\ﬂ/,di anet er
of décorsifeativedy siapathndlovwal sampleihyig Pggnd ﬁreéfﬁ’étdg rgpengqrise sgeond LEWPRsSi ct s

a side %B%%I %Ciln%%&)\i,a\fléf%%t@ge e§ | fafleld Ak SntMBEiIRE SRR PSR KON A
drastic enlargenent, ich may be sharply made, at” approximately the end
of assayheharapiical$ ths vatowsichentelsvadttieisspapal iekatibhshipsoh theaenshplified figuss and
prevent it fromentering second nmultipurpose channel 22. Line depicted

bet ween [0d1d 0y aWhen sisibhantdksylaiclopssilynd @TS)] 1t uspreftrable prpageddieshly tap theshtior
graphically the various channel s a}nd their atial _relati onsh%(ﬂé) i.n the
exenpl i fof 8Put il QY eoncenrorgn agiehle S9Me ot FAHTRAPBRD S thﬁﬁrg)l?’ it
I's ppef %@4&'1&%&%@ RO KR shradtd fnBPhE 3bitAin a®figRRGEsiod O COMEEmE hB&Itas- i N
a sultable sof vent, e.g. Hexane, Hexadecane etc. FolTow ng this, 20 the

sol ut i or2Oinsintaheror tarsperdtuoy, fepxapelt. ilnthis wag, loslrerhiohicayshepsat: etginehsWhen

ing f t .15- 20 min_ at f l e, ..l.n thi ,
e oanogie R0 bRt PeSils BBt TR A pel b RS
pol yner psaakedaseshGCvRABomEIds by et@Mcid Ml o dinishgd seHied dlidi8s i® 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 front of
the sensing element of the camera, so that only light of specific wavelengths emitted from the
liquid in assay stations 26 is allowed to pass through the filter and reach the sensing element (to

30  be detected by the camera).

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

example, by any of the following non-comprehensive list of means: electro-osmosis pumping,
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prepared freshly with about 1.5% acetic acid and the finished coated slides
are preferably cured in an oven, for exanple, at about 80 to about 100C

for aboutwd®3msiv9 25 [00111] Digital canera 32 detects wheaTado2/nizs2 assay

stations 26 are filled by sanple fluid. The digital camera nay be a canera
wi th a charge-coupl ed device (CCD) sensing elenent and all possible types
of suitable optics for acquiring i mages. An optical filter is positioned in
front of the sensjng el enent, of .t he,tﬁamer,a, SO t?at only |ight of specific
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of inlets 42, 44, 46, and 21, far, ex | e, which_ar | ui.di cal ly. coupl ed
Lo 111 oEooala EEBHAB o Pl puoeh AAREr Lo as SoApbeis o pltipgiose
exanpl e.cpihePdy BiitiddGhahftls 9WaR@ 2 A GARIENAES N ah b8 exQutdiBBRSentially or

el ectro-osnosi s punpi hg, 7a WO 03/ 035909 PCT/ SQ)2/ 00252 positive

pr edsur ismatliaoeo sy ehd astypicply perdermai b the synoidngimn, of ¢sppationamedifrh thwough

el ectrowetti.n t her mocapi Ll ary fl.o nd/.or vacuum suct i . |ln_enmbodi nent s
Shere o MGHS R By e Some M tont IR Bl B RS bl en eboERl

i sol at i g ARMnKRHBYs Brodae@Sintcate Eééoﬁ@ﬁﬁﬂtﬂ@u?@gé g{armélqb?_tuig@ abHtBOeASINT,

for exanple, which would purge sanple fluid 56 fromthe tirst nultipurpose

channel é@(ﬁl?yf"ﬂﬂe‘r&lgfe? ﬁi%’l@(?gt@orfﬂe@ﬁgl 2o teilis iR @l Al sedniBeliiiuPufR8e BRannels

executed sequentially or sinul taneously, and is typically perfornmed by
t he i nt B0du¢22.oMheisolaimhanédimmpdds sehactddr oiaghio b mhpermenblato thieedttiopdger, i.e.

sample fluid.from first .t <purpose, channel. and. then subsequeni |

" aonae i die et Ench Sftpise ol B o8 TRE RS OR AR Y st SHRRE AR b
purge aichirell RRKESI Qhase-LRAL I plddties, eharRlly theblesstlphéanyuie dianvadd 1dte b its
fills first and second nulti-purpose channels 30 and 22. The jsolation
nedi um Sgrivaiives teetnatt Qpexigs of Blilgeviolad Feigbledighharable pplymep lifridrandihog-
15 1t he ¢ i . N . . . .

typi oal FirteEhe a0 kn d ade Bohlig oA gt ootk SRUAALE Tl ABiipery

t her mal ligplation atdddurpo b4 imiudel buki ate natamniceicoythatneal ruliréd olyrder suchtasves,
two- part epoxies or ultra-yjolet or, visible. light curable. polymner
oaba andtieas orenrd DM kSt s hothteisond ey oer mioibos ighare
guns,  f QfecEXERP|(RringFdtil AR 1©1BBRhAYmay 8OhdhéORa B AB déftedsne! ude, but
are not limted to, thermally cured pol'yner, such as 20

20151 AP et FENGh o) B e o g
hi gher tbdvatisgs polybetiagr mesuirrs and its derivatives may also be utilized. The UV or other
appropriate radiation sources include a UV lamp that is focused onto multipurpose channel 22
25  and/or 30, for example, by a lens or lenses, a UV lamp illuminating onto multipurpose channel
22 and/or 30 areas that remain exposed after application of a mask having 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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[00114] Exenplary ultra-violet (UV) curable isolation nmedium 54 such as
pol yacrylate and its derivatives, polyurethane precursors and its
derivati vwe oamys9ad so be utilized. The LTV or other appropcrsGe2n@d: ati on
sources include a UV lanp that is focused onto mul ti purpose channel 22 25
and/ or 30, for exanple, by a lens or lenses, a U/ lanp illumnnating onto
mul ti purpose channel 22 and/or 30 areas that renain exposed after
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and/ or dR®tbs noppiranspreRandArdiuoaesc (gF aa warRleneth ar piengiEy 5@7 ay gporfere with
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FRIERREA b e, The vt 19 ol o end)or 1 oty
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f 00116],. | sal ati or L - Ly, al Ly ..
i oo BPRE) O snatai & Phie i RERHE kR s PR TRAR i PR R b Plottign
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non-transparent and/or fluoresce (not at a wavelength or intensity that may
i nt er f ergamplenway.ciof meltadbgsiye Hagdrpalanerdigwd. stastangsys) argipberderpsited to and

erbodi b . o . . J L
Tt oducry ol P bl Blspth (R At Al SPRLDIpd Bulds s BB S0 )
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pol ymer 1i qui el astoners) are tq.be deppsited.to,and. seal..all o e

Pt ot ack Sk YAl sar o A Dot B el aitatridte B sen P ety ui o
56 15 angi:QslidifMiakémtrdindtheddps] MsMM & vAWHsRAE endilta dgictatdds 8Pt 4 O her
seal i ng structures, such as c%p i ds and val ves, can also be utilized to

s, |
seal of faraind 10D dui ‘Ghe sradant 4¢ esd/antheiother seabingfsepeibies fomhafixedbyqlaneioibl e
seal ant ;67..anhd .t C i ds, v rat. up.to and
around 100ETE" BB, sl an? Sibrt ek GRS b RS L PP o
fixed vakuapleoind doyqihel/rhlion that nkéhtaess alevaedtdinapesatared. The polieldfate sdadant
generation of vapor. and during PCR, for_ 20 exanple, and any other ration
that t akdsngy becePasited ug spRedicy WA AR PBET diTHES g T A BREVR BaPE Nt 67 Ry
be deposjtRAuldi@akobotic, manual and other di spensing neans, as known in
t he :

[00118] In still other embodiments, the multipurpose channels may have, instead of oil/wax-
like—type isolation medium 54, ambient air or saturated humid air, or any other humidity

25  saturated vapor, introduced and disposed therein after conduction of sample fluid 56 into the
assay stations, to minimize evaporation from assay 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.

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

assay station 26 are isolated within the domain of the assay stations 26 and the first assay station
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mcrofluidic arts. [00118] In still other enbodi nents, the nultipurpose
channel s may have, instead of oil/wax- |ike-type isolation nedium 54,

anbi ent awp oo3®es urated hum d air, or any other hum dityPeF/sGar/oat ed
vapor, introduced and di sposed therein after conduction of sanple fluid 56
into the assay stations, to mnimze evaporation from assay stations.
Anbient air or saturated humd air, or any other humdity saturated vapor
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adj acent assa‘%é1 tat{]on in the as%g) station array. The isolation property
of the i PSTAIFBNREUPVIRF VB U 8 ned at tenperatures up to and around
100C. Sinpce.the hjighest tenperature for e. P rocess is 95C, no cross
cont ani sy fifoga h_atwgﬁ%‘&ﬁ_)%%ﬁ’éﬁge &&ddﬁﬁﬂ_gr [ BT aégwf offendesired
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i nj ect i oreactmamiokipanynts) fonexdnaple riowestay istagipns 2 eFine owyi Heluiliged iInembodinedsum
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exanpl e, in assay stations 26. This may be utilized in enbodinments 1

wher ei n taiis ebbrterastk dfpordhe eemplstien af the pyspy spctip. @hwashingstiern pefnprissduwdd t o

the inte . ] e ind to
the part {ntlg:} §?‘§r‘!’%$§§‘h‘@?ﬁ®¥% O%Cﬁéé%gﬁ%gﬁwg%gwg m‘fo?]t@g r@tﬁ%ﬁﬁg n the
conpl et i channdls adbasasy stytisreand ¢clannela ivakided is brljer tacwaghravecthoafpecifiat r oduci ng
a washing buffer (via vacuumor pressure, for exanple) . into the

mul t%opur%wne%tﬁaﬁﬂ@ a§Say G ilay RerBArk G PHAbEs Brhpischoghd f%asa?yogﬁaa@ar # or der

to wash Quay.emaResdhilCarklart HRCRERES fRfihd n%k%se%%@ 8Y abRAG df2he méRBule of
mar ker s/ probes that are bound to assay chanber 26

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 compartments and
channels 20, 30, 28 and assay stations 26. The sealing layer 40 should be bonded to the substrate
36 preferably before the test sample is added to the sample preparation chamber 6. The sealing

30  layer 40 may not applied to sample preparation chamber 6, and the mouths of the inlets 2, 4 and

| 21, 42, 44, 46. The sealing layer 40 can be omitted from the upper surface of channels 24 and/or

22 depending upon the particular assay protocol utilized and the temperatures associated
therewith. Sealing layer 40 may in particular embodiments seal off the channels and assay
stations from the environment, enhance the capillary flow, and enable the liquid flow by

35  injection or vacuum. The sealing layer 40 is normally a plastic film that seals the channels and
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surfaces remai n behind and are then assayed for the presence or absence of
the nolecule of interest bound to the marker/probe. [00122] Each assay
station 280omap3vont ain a fluorescent dye. Digital canera PETs&H2/00263 bot h
white [ight and/ or the fluorescent emi ssion inages fromfluorescent dye.
In the case where the 25 chanbers, channels, and assay stations, i.e.,
fluid conpartments and channels, are not enmbedded underneath the surface of

t he substrate 36, and are ot hervvl se exposed to _the envjronnent, %lln
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| east one hole in the sealin be. 15 rov ded at a | ocation, or

| ocafi ofBidspndrarieusBediums tg%.wé%rqgghage Y?61°§§C “the vari ous areas, such
as channels or waste reservoir 45, for exanple. Furthernore, is al so

cont enpl[8014] t Fegt chewagls A, 30, 2§24 aysl %cgantr@na@dwlri@ébjplsrlbafrﬁetaépwalr m{GAt i s
525, 0" RSB I Salp Pl HRERL MR A R GRS a8 grembEy
to about 1 mm. The assay stations 26 can range in width or diameter typically from about 1
micro meter to about 10 mm, and typically from about 1 micro meter to about 1 mm in depth.

25  The surface wetting properties and dimensions of each type of channel 20, 30, 28, 24 and 22 can
vary from the other types of channels. All of the structures can be manufactured using such
processes as micro electro-mechanical systems (MEMS) technology, 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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100, for exanple. If such a sealing layer is provided, venting holes may
not be required to allow 20 fluids and various nediuns to flow through the
vari ous cwermeb®09 [ 00124] The channel s 20, 30, 28, 24 andPg2/sGamos2ange in
width typically fromabout 1 mcro neter to about 5 mm while the channels
can range in depth typically fromabout 1 mcro neter to about 1 mm The
assay stations 26 can range in width or dianeter typically fromabout 1
mcro nmeter to about 10 mm and typically fromabout 1 mcro neter to about
1 nm i n cepber, 6 Roacuie thafloacatawbe BFsay stiope2e.i idhisrase thesnisingmgcdforeach
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elution buffer in sanple preparation 29 WO 03/035909 PCT/ SG02/ Q0252

chanber tee sasnple fluid is agwrous. iboan fews intaalldbe ehpnaels andassap gatiqns hyyfsslf whes,
there is_no ed | I ' hi
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of val venddBasioayelettfichl| Hagnaig clidnficaldr pneauradtic. ot her respects, the design
of the chip 100 and the operating nethod of sanple preparation and anal ysis

is jkdenpors] hopdhafiarRinpanheds B aphatatls magnbilte provilbewitharsampleo

addi tional discussion is presented, 10 [00127] Also, if the chip surface

( sur f ac@rerfaratian arprewherammsrraratinn off semphretlud dniondbeted opiérhins. Exeaplpni | i c,
there is_n : r i REr ali@epsal N
this Cag@pﬁgﬁ§§§p§ﬁﬁgﬁggﬁg{EEQ?%?glﬁgﬁgaﬁg%gé?%%%ﬂgg% flgxﬁinto all the
channel subsithta36 ays allaisi @rsaskyy dtatsm 26 dving invcalweindeation dpested.firBotssayval ve 8

and val ve 18 can be operat ed a s, for.e le ..ne i.cal , .. ..

ol ect 11 CaPekaR Bt FoStoEh e AN Bhoonation D a OB FU2Pc Bpiided in

enbodi MeBhinudiBficRRRE R4S ARMIJISose @hirRY 2 efuretor, mlﬂg_s&hﬁk&bﬁiﬂoﬁn

area wherein preparation of sanpl'e fluid is conducted "off-chip". Exenplary
conf i gurialet 2hss alsacprovided osenmepicetieuvith fiFt altipppeseriynichdpdndie be

provi de%’mblo%inﬁclancé o?%IG 5A, a reservoir 45 is depicted in communication with first 30 and second 22
multipurpose channel. While only two sets of assay stations, assay station channels and
multipurpose channels are shown, any number of a plurality of sets may be provided.

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

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

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

second multipurpose channel 22. This reduces the likelyhood that air pockets will form and be
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substrate 36 has at |east one assay station 26 having in conmunication
thereto a first assay channel 28 and a second assay channel 24.

Additi onawby3/08®09 ati on nmedia inlet 42 is provided in 20 eamrs@o2/ee@szon with
second mnul ti purpose channel 22. Furthernore, exenplary sanple solution
inlet 21 is also provided in conmunication with first nmultipurpose channel
30. In the enbodinent of FIG 5A a reservoir 45 is depicted in

comuni cation with first 30 and second 22 nul tipurpose ch ) nl
two set &rappedawihip assayt Sialies 268 samppletiiid o fowsine |a§saéiﬁ@ﬂ°ﬂﬁgtap GY%%% yinfo
channel s_ar nunber of a plurality of sets may be provided. 25
Addltloﬁ§1V§w?%8§ﬂ?ﬁ%P %yer 40 nay be provided over particular areas

accordi ri bed vi ousl due
to top 3%85%9@2“ ?%RS%V E%? §2§‘bgo Picéeﬁl FET8HS 2 e md% Sea%IanCé ﬁ‘[a}‘yer
40 coveridig satrmil sHapbRITe, 26s @Hziﬂﬁe%ay RaecOHyisRadd B p&«b‘hhes 6@ rétridiinho

mul ti purpose channel s, for exanple dependi ng qun the type of assay to be
run andminheize kempletiand 56 flow ouf 1t Gk sl tiprpegeichael 39- | i zed in conj unction
with substrate 36. 30 [00129] In sone enbodi nents, first assay channel 28
has 1a sf@013¢} larRISsSBecdroomab0 of eaondassay Hetiorswond Zé@éayermsamél 24 as
shown in FI.G 5A-E.. Thi redu es th nd/ r ,
hat - en@RlLPuBasFhefiil 23 iah o¢ Piyated T HGeT FaveatsTaler gt BFDeRsoaittifs &
sanpl e fldififly B sarPlesYlukidh 86 2§ 5PNk £diAETRBEond BnultifurbEseCDaritl De ehay =08 @k be
second assay chanber channel 24 and into second mnultipurpose channel 22.
Thi s r etigeted ta nEJVhdd@h)}dﬂi@ﬁ@thfﬁaltfaaﬁ? r Ingbisiearbodignert, if sampla pelvien ST anD

03/ 035909 PCT/ 252

56 11 owdtiS *Gunal B¢ e SHBRGHI SR AR S S S 263s ShnBE TR kit

24. 15 0023 0dndWikist ﬂxufti-pﬁrﬁao@ésc&ﬁynémat whtthdh ﬂﬁmeztanﬂﬂe ha hj/dmp(hilﬁdsueﬁaeefrpl arily

herein as having a circular cross-sectional glproflle 5 hannel
may havéhgagtedsiisse Sﬂfﬁéﬁﬂbrﬂ%ﬁ/ﬁ%e? ‘I’fcﬁ‘ﬁﬂraéﬁyr‘ih@{"ilegﬁ d asspp, siafioR évaﬁiiﬂ Yl uid
56 fl OWhgg}og{;ﬁfc%uHaEét Ik B%%lecsf&ﬁ%%'%%wsl@ st QR 3d1tibRpFGhate! 22

portion second assay station channel 24 adjacent second nultipurpose
channel a2 stopsyduedo peconi atadlnyurpcbsesnhamn:d:e 22 hadwphebit swifaps chiratterstee or, as in

non- conduclv he flow of tlon 56 For

Tl PGB RIS TRArPIS R grCo L b BPepaisgin AT RSt
sur hace sedoddtaBiay BaRedbaRAocohd nﬁﬂtﬁﬁfﬂrﬁ)s%%héﬁﬂepm SAs depiexad, ;ﬁiﬂmﬁpﬂ'ﬁoﬁwbblﬁd on,
the sanple solution 56 will flow into assay station, 26 via sanple sol ution

i nl et 18s2y channel P meay akiel have pridiophebie ﬁlaﬁaféwh@@ctem}cé At Whichpout gxgpls| tiida s
hydroph|5%|ff:wf{7{,r§15]f;&1csc?O %Hmﬁ{ﬂq ’Inég%) &{Hxsﬂlérly’ the surfaces of first

assay chann assay S 0 have
[00132] In the embodiments depicted in FIGs 5B, C, reservoir 45 may be provided with

y

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  be in 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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hydrophilic surfaces, for exanple. Sanple solution 56 flows to second

mul ti purpose channel 22 and stops, due to second multi purpose channel's 22
hydr opholbwo oswsfece characteristic or, as in particul ar echsdowernss as
depicted in FIG 17, the abrupt expansion of channel dianeter from 20
second assay channel 24 to second nul ti purpose channel 22. As depi cted,
portion 50 of second assay channel 24 may al so have hydrophobic surface

char act C oint sanple fluid .56 OW, Wou t op, own in
FI G 5B, ef@lsi%ﬁa fné%{é?f#ﬁ gea mﬁflov abs lﬁ%la%%@&ﬁweh%{wd@awe% foflgg tp S5, ¢,
reservoig lﬁ’fmggé’ £ QR 88! d&htivh hikdi@R 32" e introARSQVRE&RLiovs HE%OQ? and in

conprlse | east any one of- cell ul osé-based nmaterial or 5 synthetic
mat er i alaccqmdﬂrgcacmgh waricaie egﬁ:bélmepardﬂtbd mstaanidveosioou § one;tamplallmlatResmedfmm 45

may be ale i,n er 40 or b pen, to .t he gt nos r

Fur t her BB FRA s o BRsSaraeas DREnisBeby et BTl b dn cover ed
by seal 'pﬁﬁwhﬁly %fnbﬂglzmé%ﬁs $HAWBmb R iFFEGEBACE QR welli 8 WIGSMGRAHS, RélaiBY nR&lium
provided so that fluid flowin the various channel s may occur.

Addilpi omrlet 3, mah s¢r@e uaeisxelr wrghwltigg pesechsabwplebiduid nﬂeta?rleanld@s eh mnldiclor sokdioas

Cor m nam B EEHENER BHER: By ProtE aRRErR KRB b Gebth Bl Mot e

t er m naksopgiohi Iﬁaﬁu@fsmlhgy Byhﬁﬂoautreaa;s@a&mm Aelos inley the db RoCRAENMGRpudswi t h
excl usive reservoirs and/ or absorbent not _in communi cati on wi th any other

nul ti pubpogther mﬁlﬁ’éﬂ to %mmwgpmsmm/@d)mmcw? tothedlow ef %ar et an o
seal assay,, I%B%é OASS;?H %{lsﬁf s Iﬁéch e | nl{o?o%x e Psehl Lk

mul ti purpose con UIt 3 on ne um V|a various
met heds staticn 26, foaemmpianlm awb tpk’ow&rslfouﬁle elrﬁpmtememtcsf safipleflid 56 frent first

t F 54 trod d to f t
il £1 pUPBBRTERE R0, Re Rispfie] SRR G A Bop 0 anerioa e Bt ar |
enmbodi Mepd;s, 1 QS in@N&PA Svihibh Eﬂa%r éﬁy%o@ﬁe %héd igh SafiRy ﬂay@{'@b #hd 1h§§9 bAkI9N

medi um 10 inlet 21 may serve a dual ~or mul ti purpose as Sanple fluid infet
21 and ast comtdimkbgorbent 5i sol ati on nmedi um as shown in FIG 5A. In other
enbodi nents for exanple, as also seen in FIG 1, isolation nmedium 54 may

be i ntr ¢134H T/lieedispiademeet dekeribed sonfaptesultshatthdfowalf saeple dluad Suabt gfdirpose

but rather.are in cond e ch nnel onduci ve
Lo ehe. FbipERot ot Sy Horeataru o dRE e ame R s pbriarge Br Bussed
i sol at i gppiPREbN BT RAlaACH TR ¥4 28 h8 Sedddd SRBHp@APERYchhBne DAL WikteidBhe fsBlation
exanpl e, but also provides for the displacenment of sanple fluid 56 from

first ﬂmdtﬁ‘b@ﬂﬁplé@@ neh agmnple 1801 STt ai-sRecatletatgn this embpdimgnbe gafadeldw t o a
reservol é’coﬁé mLﬁ'ﬁ—purpose channel 22 may be inherently or treated to be hydrophobic, for example,

and thus acts to halt the flow of sample fluid at area 50. Upon introduction of isolation medium
25 54 into the second multipurpose channels, the air therein is displaced and thus assay station 26,
or pluralities thereof, are sealed by said isolation fluid 54. This addresses the concern of

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

[00135] There are a number of methods by which isolation medium 54 may be introduced to
exemplary second multipurpose channel 22. According to the embodiment depicted in FIG. 5C,
30  isolation medium 54 is introduced via inlet 21, flows and displaces sample fluid 56 from the first
multipurpose channel into reservoir 45. This results in the partial sealing of assay station 26 at
the 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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exenplified in FIG 5A, which may or may not be sealed with sealing | ayer 40
and may or may not contain absorbent 5. [00134] The di spl acenent descri bed
so far rewolos®3jom t he fl ow of sanple fluid 56 out of firstPCTAGO2SR pur pose
channel 30. However, additional displacenent may al so take place by the
application of isolation fluid 54 into the second nulti purpose channel 22,
wherein the isolation fluid 54 displaces not sanple fluid 56, but air.

Recall that in_this enbodi nent the surface of econd myl ti-purpose channel
22 ey bdatoRRefEHE] § ey Ak PR aﬁﬁ@saélpt 0t PRRIAHSEY Tordha 1 hus
acts to ; : | 1 atr [

i sol ati olﬁﬁllr)r%eu ?lgﬁf)ggs% giﬁlhnt ot tgse%ég%ﬁlgﬁﬁﬁjﬁcﬁgﬁ%bng g‘@%ﬁgﬁ‘t&“@%j? %}gﬂd{}iw?fn

t herei n FI& fb.spl aced and thus assay station 26, or pluralities thereof,
are sealed by said isolation fluid 54. This addresses the concern of

evapor at[001B63NEIE® 5DSkepitdi agthtabletibssrbertiecsagivhnent &aofn\?z Be baggR¥nist at i on
with others. [00135]. There are a nunber of nethods by ich _isolation

nmedi um SeTHERNigAIONTYikh thedeytiperpogcnpras- yHerscbs @bsarbent purrpydes fon theriwtakexf

Accoy di i t I in E . 1 I ium54 is
e T S0 et BTN B RS B Brckbho lon R, BB TR O 0
mul t i purjppEetiohaifabiorbenitd meyp slsy piovidéTo sgdedsipribs flling dfasdafatapian Lbak sadahs Ng

of assay station 26 at the |ower hand portion, as depicted. |solation
fluid nely BB Bethent BUbBg o G s e s P SaRls T 56 b esSPESR oS t h

second kb AR0SENAAANRTIG 2D, 39ahAfkERLRLMastilen RN Ao bR Nt O

t he second t1 purpose channe placing the air therein and sealing

t he uppet2. 36 FEGHE tho nssay rstaﬁbnsabm;b’esm staladirand 6he alssthent higemovet v baphgt e

seal ing of the S station 26 .or , 31 WD 03/0359Q09 PCT/ S(Q2/ 00252, >

ot at Ponseqh SERp hHis SRl iRt BB P IRET, HEHOHIROALE poi
of entr ywupi@hed BRrdiMtoRA G Ih@RuMAf54] sol ation fluid into second nmul ti purpose
channel 22, for exanple, as shown in FIG 5D. [00136] FIG 5D depicts a

det aChat{b@lﬁ?Sﬂft%ﬁﬁveserﬁ%ﬂ:iﬁﬁﬁ@tmaytﬁ}@ﬁd% theirkQudMor ﬁ&ultigl‘eégﬁ;dgire ; '%&5‘6

with the multipurpose channels. Here, the absorbent 5 provi
upt ake afito the chipx dassxesmipy eoffigiiraidmgs demdiedayFag Bo Hipt akemaxmessondsol at i on

medi um 54.. .Further, t appli-cati.on of absorbent 5 al so, provi to
speed ugtiRPhTS fHghdlr2d8 By 8 P ARG PO b BB eSS R o ner
" puldoi NGlurbieh GSF a0kly Gitdtides Gl HHS cohmeaitalien Mtuiaq)l&@n%ﬁbftsbméte&fmct ive first
mul ti purpose channel. In FIG5 D, isolation nedium54 has been introduced

vi a i nl ergtiparpgsachanpels, far pragureas Hevagddagnd 28 ks whish samplefluikad séicdind
the abs %Qled}ffelsﬁﬁﬁ%\é%oﬂféﬁ%wé ioduced. 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 channel as before. However, isolation medium 54 now is

introduced to gap 64. Isolation medium 54 flows to fill in gap 64 defined by isolation medium
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15 excess sanple fluid contained therein. At nmentioned previously,

absorbent 5 may al so have absorbed therein isolation nmedium54. [00137]

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

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

comruni cation with a plurality of separate first nul tlfﬁ?urpose chgﬁnel S,

for examitirms0smesealimedazerdtOzas shownin gragessin Enift-o P a7 demes this BHngmnd

differ fr qm one r

assayi ngrBER T oot pREes e Pk QR g G iy EASEs Wi exomplary,

[ 00138] chivedidRnCati®pip6int asﬂlefﬁ thesnaple flidimbesiysenions issetlet dy dsvhnibnmeedium
assay station 26 or 25 stations, are provided with a venting hole 66
fornmed i sealing Il ayer 40 (not shovvn in FIGG6A a top view). This is
shown nore clearly in Fig 6B, a side view of exenplary Fig 6A Here, assay
stat i on [0&k30] 66 enbodiroents vibers a ron-sedidifiablsdpriatien megipoid i§ U@@Z%dr angrisglatigad -
to S ppor ¢ tion um ast

t he 'dssdfF dé% ﬂesi/%oﬁtsggglf%ndsp L‘g ﬁaﬁfeesseglg%vggﬁ by ﬁd%oﬁﬁ%ﬁe@?gﬁéﬁ%n@ﬁgbﬁ
sanpl e fohddign phitfosmigitanadueed dullet dntl frséts U/ fothirﬂlﬂsem@lﬂdmm@keawffandasaﬂiate
flows and fills assay station 26 via first assay channel {jﬁeere, inst ead

of f1 owiaighe Buidic @é@dﬁhﬁ%@l%ﬂﬂunﬁsﬁé gomdhagtmgsahiel as @awfﬂdénﬂs dleye it Fig s
PR o A s B SR ERo b B 36 S¥sHlAbh BRAERY, Tk B BEF

first miquiddusigoge dhiahiteto suppiees mper gérkaw&mrd,unng FICR :itrmimthﬂdeamnﬁat clovated
i ntroduced to gap, 64. ol afion. nedi.umB84 flows to fill .ap,.64 .def.i ned
by 180 SRSt 515800 DEDs B3B008" P Sepatbesasitons, 1St RHAIDURER ng
layer 4Gy, fSndRMbrh& 18 OGS, Aﬁdllf_ibﬁal@cthlf écgld@@alﬁﬁﬂffe’bﬁcéqmlﬁ el dchieRed and

seal i ng process froma cross sectional "side view of Fig 6C. Fig. 6E depicts
this ex emptlagyapsehﬂ@mdﬁemalms inhany ¢ farredwrmbingtinn. slarsmr@ferrﬁdxtmt $okidafsahdy
stations is al ed §9latl 4, HS(IDMD nts where a
non-sol i Eﬁlﬁtﬁ aéweél aB? dr? %@fvgﬁ%% er’f@gr eic?mplgr(zag%gs %Pn%i)r%bgo at |(g1r31 1o nmedi um
i di.fi abl e seal an sit.ed all around

P eo ot dMiand st FRe S st e B RoR b el el B g Rk i5adn

exanpl e mddiun® 5@%%6@50&@ abt @fifzcanfd bsey ahon ot 66 Mes héddiplbednatb 5xe(n@1£1a1rynel S
and inlets) fromthe atnosphere, as depicted in a side viewin Fi

Thi s t hwpssifion aeerassayssationsihanesl 24+ I egrisirecrnberdiprents, sohdifjabls %@h@rﬁﬂ@@y ben 54,
for exarﬁli)spggegfdxrecﬂy onto sealing layer 40 (not shown in this top view) to cover assay station vent 66

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

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

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

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

above multipurpose channel 22 has a hydrophobic surface.

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

first multipurpose channel 30, first assay station channel 28 and assay station 26, and flows into
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liquid inside the chip 100 to suppress vapor generation during PCR and
other reaction at elevated 15 tenperature. Seal ant 67 can be in form of
wax, hot -welo/osdnpositions , adhesive liquid, polyner |i @arsGamdo2st ast oner
for exanple. Additionally, this solid sealant effect can al so be achieved
utilizing caps, lids and/or valves, in any preferred conbination. It is
preferred that solidifiable sealant 67 as well caps, lids and/or val ves
endure tenperatures up to about 100C. [00140] Turning to Fig 6G_ anaqther
exenpl artye ssonfid gsapstaton csndelfdcanddstopsiediasent sothgtspenmd ToulHpuiPass P1aap¢la?m 60

i t ilized and ) i t. . has..

posi 1 ooy Ci56 &5 SV PORTCE Fa e S Baso T ionabyd STt b fRuE AR Y
sol i di fiby xﬁuﬁ?é’ﬂpaw cHAnd@Y0, BRpladéssRAPRANEH 56 &iHlich duts dosRaliing thayweond 0
(not shown in this top viewj to cover assay station vent 66 as well as

out | et s rawltipimpbsst chagrel 22lugteidhe differcnessan surface characteyigficabetvrsh Fecorfd
rovide a f.ixed vgolu f Flui S I e ﬂ@ﬁgﬁ r
gnd thus}n‘fﬁlﬂ?‘ﬁijieecgla%n%/zggme fsnefx(r%lé}p é%s hﬂlﬁéﬁﬂh%?%fa ﬁgg%f ﬁeﬁgnﬁfgggf %)gr?r%‘?ée flul % %6

i n agsayfy&bphiliONsthi§ AsulKianhe &blation apdpirtisiiealingeofithel hssey station A@ viaghguences
of the f_i}(l ing of sanple fluid 56 and jsolation flg,‘i?n%raﬁ ma revizf{sed.
[00141] imedarermtwornshe sgnple Thnd 8§ imthe §irss assay giahen 1§ popthedsolgtion |

t hese exrg%llmglﬁaigﬁ{’esfgrssn\%gtfpiug%gsggﬁ&ngf@pnel 30, first and second assay

channel , assay station 26, have hydrophilic surface

characterjsi)cs, I S nd |11 pur e, Gh . dr ophobi ¢
surfac eﬁbbﬁ&gaﬁ‘[lflgﬁ(gftoeﬁ%gd?Or%%%n%nsr?géwgﬁza%afq}@%%&lt%%%&%? d goe%??ﬁr% | ayer 40
| ocat ed mﬂh@ﬁ@om&&hd' BINROHEwS ﬂfbﬂﬁ?ﬁou@& ?Wisﬂa?m??hmm. SThef fhove of {s0Bi42]
FIGS 7TA-1 to -4 depict an exenpl ar W an illin equence erei.n
sanple meditm Hahrongl P‘??@néé@HUP‘FWPﬁd%é@&??%PWP{CFeéﬁhﬁgﬂaﬁP%ﬁf%%“ HE el

30, flo i - 3 i g@ﬁ@ kLrst assay
stati onm%%aé{%%ag’l%ggs%gﬂ“&&gisdé‘%tpgefvéﬂd n%%ﬁ"’%%ﬂfg oD o find ggl u&% 60%}6035909
PCT/ SGO 240825211y et sxdlola dvitissrmeyansttet.i thws mhddingla 24! apdings where dlaijyanesit such

t he second. nul ti se .channe . _.Subsequent | s sho in FlG 7 to
. ST o ahpm it TG A0S SRRl T sy Qe Serhl Ma o R 3

nul ti purPRS §o1RARRE hi30ntrdi &Rl GES rediPlBodel chbshed2 MU0, dorasample, b koltd | nt o
t he second nultipurpose channel. 22 due to the differences in surface,

charzact esehlshacke Wdiasd 4o sead Snialetviontietynfthromaltipnmese Fhamels; fuelhg solidhbamict
hydr ophobi d th ' : . ' hilic). Thi
Leurt s oL AT ER R s B AR B SRS B gt e AURIAP DL L0) L IS

resul ts & ation an _ _ _ station 26 via
e LSRR G8 Rttt b Ly RRORASELAAL, e
30. stations and assay station channels are first filled with sample fluid 56 and subsequently sealed ‘
with isolation medium, this is not the only sequence by which the at least one assay station 26
25  may be filled. In FIG 7D1-2, the filling of a plurality of assay stations may be accomplished
wherein particular assay stations (and assay channels) are sealed while still other assay stations
(and assay channels) are at various stages of filling and sealing. For example, in FIG 7D2, the
left-most assay station 26 and assay channels are already filled with sample solution 56 and
sealed, while the adjacent assay station and assay channels are filled but only partially sealed by
30  isolation medium 54. These various exemplary sequences are typically achieved by the timing
of the introduction of isolation medium 54 into the first and second multipurpose channels.
Additionally, differential application of differing types of isolation medium 54, having different
flow characteristics, into the first and second multipurpose channels 22 and 30, respectively, may

also be utilized to control flow rates through multipurpose channels. Furthermore, differential
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[00143] In FIG 7ClL to 7C4, isolation nedium 54, having been introduced to
second nultipurpose channel 22, flows therethrough and di splaces the air
wi t hi n. Twe oBloasaonf isolation 15 medi um 54 through seconeCmsiGoz/pezspose
channel 22 conpletes the sealing of the plurality of assay stations. As
mentioned previously, isolation nmedium54 and sanple fluid 56 are
substantially imm scible with one another, thus providing a seal at points
where they neet, such as shown in FIG 7C-4, for exanple. |In partlcular
embodi mewifaceRaHBeHS t@b@léﬁrusuﬁamaetgwmd intseastionstwisly fhiedsalgtion pedium 54 may

i ntrodu tlgﬂ ?focon 1%Rgé§?ﬁﬁﬁgggﬁﬁ§4$ 22 and 30, for exanple, a solid 20

seal nma i2ed e ‘TArEts/ outl ets of the mul ti purpose

channel a i d harri.er revents vapor , gener.ati on or ex op.. of
campre. 100537 B 2 ton g B FliisarBioEHiEE Saudle R be e E BBl
an exenmp ibnSREHERGA 1%@h@h{ﬁltﬂalﬂﬁé’sfe%hhﬁﬂéls%aﬁ§§cﬁye uliRb Nmisadnassay
station channels are first filled with sanple fluid 56 and subsequently

seal ed sanple flidbais mﬁoqh@@dmabpm,sandsﬁlhﬂ@@savh‘@ﬂ@m% gaeqienty here@hi ch t he

at | eas ne assa tation,. 26 e l1ing
o 185r SrBTaRERAE YsolhRh niudR sAde FRpeRd hloichBior L ARk GranhBFabd)s
assay skahdeqidntiynebdamaay pohaniiks )an@( besddaieddihol plovidihg bisap Eﬂaﬁénsali?eﬁ/&)g
stations (and assay channels) are at varioqus stages of filling

seal i ngongef th@;resﬁ%«;s sealgdhbyrp @lﬂaﬁed isplation ayedivgh dor cxample- s’ivﬁtswwn% lécr%aﬂoas say
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differe l ow characteristics, into the first and Second nulti purpose
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fIOM/speed faor exanpl e. 01451 In addition_to the fillin an seal i ng
seq@enc&sdis o applipdasernsariie ge eegmplq fyif gvill rerpaia In pssay stefiom 26rard #8754
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sanple i's |ntro uce as above, and assay stat or a
pl ur al i ispldtivarmeafiumd thaGolag eerémetiryssuiizatioate bnappdicd impisiér fog thew tcoflowed i nt o
one of the multipurpose channels and is subsequently cured and/ or

pol yrer {(ad6pnddw turidlgitd IFIGE] an EXeisplpryaanializagsysissiay ssdvad.i Ohis ekaupleds

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  an enclosure 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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one of their sides sealed by a solidified isolation nmedium for exanple.
Subsequently, isolation nedium54 (having the sane or different

conposi t iwo oBloasres he first introduced isolation nmedium 52CTiSG0r/hes2
conducted into the opposing nmultipurpose channel and may be subsequently
cured 15 and/or polynerized/solidified. This sequence of sanple fluid 56
and isolation nedium54 filling provides for the use of very viscous
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thermal control. Thermal control is achieved by tenperature contrgl system
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the chi g, J18Qqich ; E 4oHesQr k6! udes the tenperature control
system e aﬁ?ﬁgllﬁgﬁsﬁ ﬁ%ﬁ%l?ng sysiem 518. 35 WO 03/ 035909
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source ié)(glg%iaﬂledrsggﬁﬁg%j%ﬁgg %tg{é %% El ?&J%?%ggglﬁtéA%Q‘?%%%%S%Q%g%gﬁ%ﬁral I
or a sulkgsetmofFIGHeshassayschinmdtichisclk2dagiancaivesyatelneinsvib@?a ligetfeam, théch mage
l'ight 520 reaches the camera lens 522, it passes through fjlter 510 that
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Canmera 32 can ocated either above or below the 10 chip 100,

al t hougleompenerdsie laglgzniigedsionwsoirge SBGAZs an¢xFitation badyo pessehthreughn t@m  As
shown in . FIG 8. .for anpl,ificarion, of , WL he detection
per f or nﬁalhé?a%?lh? Zf&ancg%:ﬁég%llA, hid {hen strikes oDlr}{% chip F()Oqiatvmg At P TBE a%gay
station. Florescent emission from the at least one assay station are imaged to optical sensor 546
25 by optical capturing assembly 542A and 542B and filter 544. A proportional integral and
differential (PID) controlled thermal cycling assembly 538 and a two-dimensional translation

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

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

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

microcontroller subsystem 550 then to main computer 548.
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thermal cycle or after the anplifying process has been entirely conpl et ed.

The inmages are analyzed for the fluorescent emssion intensity at the

| ocat i on wbh oemsivoassay station, the shape and | ocati on of PChESGezh&ES2 on

i mage and the em ssion intensity. The entire inmaging, data acquisition 15
and data processing are controlled by a hardware control conputer 524 which
is connected to canera 32 by connector 526 and to the tenperature control
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is connected to microcontroller subsystem 550 then to main conmputer 548.
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on chip 100. Fluorescent, em ssion from at I%Z)zt one assay station is inmaged
to opt PERFal s@velspedasuplfopsth eaissionrayFiengh Ll diebiey 542B and filter 544. A

PID-controlled thermal__ cycli ng assenbly 538 and a two-di nensi onal
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to main . . ; . 8- 10,
500" and "0 D po Bitidt bth Syt S8 eliaoGece pn sBiEid bl
pul sed) ThBsamplegiréparaticor ar&828 may pe ebmpried dfpactaduldrrameotdnes dupepdihg ipgihthe
fromlight. source 530. Tﬂe beam col.l imator 532 .can be a pl ano-conyex | ens,
for 2hin PRUCHREBPEA LY LR RC BIS M IR e o BRI R A spatBLlse g 5emeln

conponepispafieh cAtmb& S E@vi&%a h&d1Si8 acidNs A et d ABntMIt R d @RId 7RI Lidf148ky
After |ight Easses th‘ro;gqh eamcol limator 532, it is filtered by filter
534 whi daver BowdestreBingedinent B in opmprarpigaiion with édets dA andget Fghengftinlefsi12t er

544 00”81[1& 5§ maay%%i cron?lfgul%é% %e%giivg Q/aﬁ&gs solutions such as, lysing solutions, buffer solutions
and elution buffers, respectively, or one inlet may be provided through which various fluids,

25  including buffers, may be intfoduced 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 plunger or any
machine part that operates with a thrusting or plunging movement, as exemplified by 80 and 81.

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

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

[00152] In the embodiments of Figs 11A and B, an air pump for air purging of washing buffer
left in chip may be utilized and injected by a “fish pump” controlled by valves.
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em ssion wavel ength band selectors for certain dye, for exanple,
fluorescent-labels. The filter 534 can be a single short pass filter

havi ng a wotefsssmvel engt h equal to peak excitation wavelpemgiGo2/06252 he dye.
Preferably, a pair of short pass filters of the conbination of short pass
filter and interference filter are be applied. The filter 544 can be a
single long pass filter with 15 cutoff wavel ength equal to peak em ssion

wavel engt h he dye, or an interference filter with _central. wavelen
oaual -t DBsSl TiitheSis. Ak pEMeigo: "ER bR G B Eand YOG P G G 68 Teha
and B d?gﬁlgt:ic&gtr(gpcrdtg 195 gdpodi nents, a sanple preparation area 78 nmay
be provided upon substrate 36, in fluid connection with sanple fluid
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st opped/i npeded or allowed to so as to direct fluid flow to one channel or

t he ot hege1ss] G beddr th RlkdBuQED QsltifB B R eid @8 isbidtidn dDGpEhendNo, 3 prefitihedf or
air purging of washing buffer left in chip may be utilized and injected by

a "fi shapowg ofebriondiilé iviptredpard dnto 3zmple oS3 BaCchapbyy SEik pbozsnvaly9dd 53]

Furt her no i i i, f ar. | ution.

i ect edrbg! el BIER IS se B forle 2ic AR 0B ol B RE e BRbafon

S ﬁrrpb ﬁb bﬂéﬁlﬂfﬁf attb %Iilslﬁfau tl’f.t&lﬁ@mﬁ}[rbsgdmgﬂlei& beid islldtion c:@glpex?imp any i epsniedr

t he enbodi nent. shown in FIG 11 A a B. For example, if P

exper i meht 4/ 7SR A5ASTIQR aniK I FOREIING BERRBIG h*il*ﬁ,f’sab@araw B%W&ﬁswgmﬁwe@i c
aci ds t Ber&i-n 1BRYutE BLRbhdgdclip gﬂ%tis%%h%llé%eﬁ 'Ecgﬁ%f Fhth éhi*&gd?{%'iutﬁmb A¥wNg

lid 74 renoved. Subsequently, 1 i's replaced. upon sanp
containing nucleic acids, thus providing a sample fluid. In a final step, oil may be added into

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

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

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

30  structures. These may be comprised of a plurality of nodes 37. These exemplary structures
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 channel
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preparation chanber 6 and washing buffer is introduced into sanple
preparation chanber 6 with plunger valve 81 cl osed and plunger valve 80
open to gwida/nsived washi ng buffer to waste reservoir by p@esTiSGoZo@ESESSUr €
or by vacuum for exanple. Secondly, one may punp in air fromchip inlet
86 to purge remaining washing buffer inside the sanple preparation chanber
6 and channel 88 15 into waste reservoir (not shown) via waste channel 84
(or vacuum the remaining buffer into waste This results in the nucleic
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25 open to conduct sanple fluid, having nucleic, acid el uted and PCR mix to

assay st4thasadiagem to sianﬁﬂ\’éleﬁm%mclﬂan velpd porfiea 1dgmsddes far eprpplgtedsdetion-ow
|
to at %ﬁcgurgggli?i g%f ?éc%}lh %lff}?lﬂa %#Hgg%%rtféé}é?}ebefgé]ﬁg E@tﬂpk&nﬂﬂgn Bk
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nodes 3% dﬂ_di)%&cﬁ&ﬁeﬁpkﬁe{rﬂpléte{Hx‘éﬁl&lifs%ﬁnca@l"quto%ﬁé(ﬁ)&r&tb9’6’1193 n@AR! s@ch tHak d 56
into the assay chanmber in order to prevént the formation of bubbles within

t he assas,%cmdaml@pgrposet elvanpelodrbisienpossd tauibe @pplsedrtagpﬂabrgoswb ag thepppkeadiopfol a
col ums and/ or.,rai sed pr.otuber ces hat Qn _substrate, 36 or
coali g G HHPEPS RN ARE SR Y 00T Ch0LhIE SRR RIS ey
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conduit. These channels help to divert sanple fluid 56 that may enter the

ass& stsseqr@ﬁmel@aurnﬁa@ elanpeldzy Iflﬁﬁngalpedﬁbl preidgs Ewnélﬁcaﬁase%t%an%sfor the
depi ct ed, h% he dufaQE BehimdeRt, @61%&%% e Bfh RATPIHE 1&;11#69@@ ma¥f {sG{bt MRYet! un

al ong th es of assay station 26 om meeti ng at entrance to second
assay c Mnn@tf ticomtidg irmyrhemy)phedmxttb ltlee, arszaarrpa(@nf ﬂnlsdcomdmls@ylchmw fhdumoti nt o

\?\gﬁlogdf i3 %grg%jy ég‘gg{}ﬁg pg?v ﬁxﬂkrl%gan evex%geldggoppa ng)ofe sampllle Hu mfo sgc%ntd%sss yeak
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 first assay channel
30 28. Inthis configuration, sample fluid 56 that flows into and fills such assay stations is not
subjected to the convective flow that may result in the flow of sample fluid from one assay
station to another as a result of heating said sample fluid within assay stations. This is due to the
long circuitous path provided by first assay channel 28, which results in the slowing of the flow

of sample fluid 56 out of said assay station and into the first multipurpose channel 30, for
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1 o without bubble formation. [00157] Figure 14 depicts another enbodi nent
of assay station 26. Here, second assay channel 24 has adjacent to it a
bevel ed pwotisosssdd2. Bevel ed portion 112 provides for conmpcatseor/sabati on-
medium 54 filling of second mul ti purpose channel 22, thereby reducing
bubble formation that my formas fluid flows past sharp 90 corners and
ease of manufacturing. First, if second 15 nultipurpose channel 22 has its
surface trea art desire teristics,, suc

ed in order to i chara : S
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corner, such.as depi.cted in FIG 12 for ex | e.. [00158 igure 15 depicts
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I n this manddeged-ik @FossSaciml édnfigtratibnd Maldditloaws cirbiler, sadiclrthlhSorsdidy assay
stations is not subjected to the convective flow that may result in the

f1 ow of SPF@iopplibgPer om one assay station to another as a result of
heating said sanple fluid within assay stations. This is due to the 1|ong

ci r cui t d0€168ht Fhegnethipd of dpigcting discase epapseshiag ks riskeof disfaghofrthe piesent inventien

sl owi ng . [.d A5 f i Y, i into
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exarnpl e.anldnd ey otpaihitd Eohes sutgedtt Before thecinilysisscach asdagtsiation bh thecthipadeviet 108ven
be needed to seal .ass statign and.channels fromthe nu)tipurpose, .
channel 2255 g5fositFy a?%a%@na 67 e TP Mo ERE By @ndcf_é‘ﬁ#l PEaY setiemisgiticgn
assay st@fhqe is2§116&@@%@DN@?rOb_@%ﬁ%’B9ﬁ%&tin%fﬂ HFlind 888§ sthtidri6LnFLEANd
mul ti-purpose channels 1s provided. At | east one assay

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. But in
general, the amount of blood applied will be sufficient to completely fill the assay stations
provided on the chip. Typically, about 0.01 ul to about 10 ml of sample will be sufficient to carry

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

pressurization, or vacuum means.

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

exclusively with buffer inlet 4 closed, or else with buffer inlet 4 initially open until buffer inlet 4
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station 26 is situated in a position internedi ate between a first and
second nul ti purpose channels 10 and is in fluid comrunication therewth.
Here, firwD oswb1909 pur pose channel 30 has internal surfaceprch®Gagh@s2stics
conduci ve to conduction of a sanple fluid therethrough while second

mul ti purpose channel 22 may have a hydrophobi c surface characteristic that
is not conducive to conduction of sanple fluid therethrough. The
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present 1 nvention res f ol xenplary step
of whol @& dHaodety 16 @y thex aglpdsed irfto olmanarer 20 tlaughadiffusioalchanmeddl 4 rNAcomtiihart .

e e SR P ke B0 PRSI Sttt

stati onchfnéllr 3®dirst aSy BRI dhfind 28@&@&&;&%&%2@ obe and/or primer in all
of the assay stations 26 on chip 100. Each assay station 26 contains at

| east o - Bl o i t wo
or 1 mer o NIAGSR e el e P i RSy B A AP L0 'y
of the beStr. dsolptien mhdiuen B Badjectbd dirovegh ftienst dreeofguobis ddf 46 mtqehanheled0ant o

t he devi e.g. injpection. The quantity of b)Jood sample applied. to the
devi ce. ¢afp By TiBiterHiARHTRY CHETLR! RPun te foledionsaeBim o CoNETH e TP
3M$|S?y bs bAtIHe8S chaghe ﬁlbétiﬁ%ﬁlﬁﬁ?ﬂllﬂgﬂfﬁb@%@&ﬁév 1ihg RFrmbiort (bl 9esBRP! i ed

e sufficient to conpletely fill the assay stations provided on the
chi p. Tygvewar liguidabblg isolafan nledium webwins at @n glevated sempsiratuig Abbvipabwufi POHT ent

to carry. 3 .t he, net hods the present invention "appl i cation" or
oop | oo treslind A FERERAD B 6 ACarP RS oh AR 1 Ro Rl 3bicStly,

convent ivaaatheriBsingor meliuel BGvAxNHe GiaxAR preche€ddrt0 agpp@silas tempr &Gy Eing@hi on,
or vacuum neans. [00162] A gas .and/or_ fluid is injected Iinto sanple

pr epar afiesiyreilseyax dgessof flogein ilssplid ghass) Eowever other miateatals like thermal papble

i nl 4 i §:D.d [ t i it ' f
12 e St il R el S pe iR Hay bl

cl osed, netoepuregerethivating. Utll assapsthtfiers acoplaeidinmgheralod agder DNdubyedted td BER and

push the buffer .into an,enpty chanber. 12 and conpletely. fil h r
Bxanpl oo o AREPTT I G Gl ibsbr R e: Sham
i nvent i Gfeeh® PLbBindAbsoRitesid Wile)-1Rélscience, John Wiley & Sons, New York, 1995,

incorporated herein by reference. Following DNA amplification, at least a portion of the device

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

30  the image in each assay station.

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

system are installed in an enclosure together with a liquid handling system for liquid / sample
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to air, carbon dioxide, nitrogen, argon, or a purging liquid like oil. A
flow pronoting fluid (FPF) in chanber 16 is then rel eased into chanber 12
t hrough dwbDfoa®sm channel s 14. DNA contai ned 1o in buffer pPCHeGIza0st €
fluid) will flowinto channel 20 and further flowinto first nulti-purpose
channel 30, first assay station channel 28 and assay station 26. [001631
The digital camera 32 detects the time when all the assay stations 26 are
filled by buffer. Isolation nedium54 is injected through at |east one of
por t s5 44injetfon. NTle afaiyzeehiso HRIABS A toddhetMurk lébhﬁfolfs?létbmttb Perforink tHRHAZIQSBling
channel s. Again, the isolation nediumb54 typically can be wax, 15 0il;
phase- chgfdfsigopPaRtanepiificatien pRlPNA moleelese” pol ymer 1iquid, or ultra-viol et
(W) curable polynmer liquid. The isolation mediumremains at an el evat ed

t enper at [P0E6HbBXAMBBEt 100C via preheating and/or the chip 100 is in an
envi ronment of an el evated tenperature. Typically, when the isolation

medi um i POYESY, Ahlkgemplary method ofi prpethd the Sarfple ah€ Bkiddcting MIEA Fodl Be t&t Nce a
medi um | i ke, wax_.does not flowijn its solid Ehase. However, other materials

li ke t hefapRle & tiushpled spthedallowme sxampls, ¢4 y dlusated guFigsst-4t e at a room
tenperature and therefore these materials do not require pre-heating. All
assalf st@PlghsStspéd. prisetng thesamplier mal cycl er and subjected to PCR
according to known nethods. See e.g. Ausubel et al. Current Protocols in
Mol ecul alP0Bi8H| Sayyple, for semepl@udtestshmply (Agswholabedy s injidtelintosampici ence,
John Wley & .Son York, 1995, . i rporated. herein by. reference.

Fol | ow TRHR AP YRt sapPiR niss SiSBRE R o BlsRleP By PE Eiper el o

i 1T um nah@sls bychaR pesssiriAtioRcabil b pERMAE Or RaMivigstOR (£ /RN SRRGhisNIly
required to excite the fluorescent dye, e.g. fluorescein, contained In
each asswyeraicdpelow gless ligdndhe il lunination is performed, camera 32
detects the fluorescent enission innages fromeach assay station 26. The

f | udsesdBMkOIk Mt 2o hysing g€ sellsrand diraling,af DN Aron fororsy gassdinckedti ssi on
intensity at the location of each assay station 26, shape and’'| ocation of
the fl udPe&gokriell lysige baffer ishegeetnd 880 samplaprepaiatiyn chami3A 6tiginlerdg €elliiysagh

assay statd on. 64 e i,n C onents of anal yzer are t

fluores é)é‘ﬁlfr g}'ﬁle‘[ég%ﬁe%%e}%@#{a@ﬂmgg%ﬁ Sa’ﬁﬂ% apﬁﬁl\?&%@g Gi? Eeéea\%{] Tgﬂmép%

avai | ablvehite @8l afd Bédoyne Judper@sd@ idthe lystiotfda 0BELSH in 1 Sprepatiiaty MRt o,
Hamamat su City, Shizhoka Pref., 430-8587, Japan. The canera and the optics
system &e installed in an enclosure together with a liquid handling system
for liquid / sanple 41 WO 03/035909 PCT/ SG2/00252 5 injection. The
analk§zed0@7db Onecaxaawie of the pglblyaing bulfergonteniplatpd be the pressat fnvemtiontier mal

k i red.f lificafion of DNA mol ecul es.
cyeling requlfed oL R A hiond Sl Bago At Mol ecul es

()  4.15g of NH,Cl dissolved in 500ml of water and Tris-HCI adjusted to pH 7.2.

(i) Make a separate stock by dissolving 2.06g of Tris base into 100ml water adjusted
to pH 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 lysing buffer contemplated by the present invention is:
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[ 00165] EXAMPLE [ 001661 An exenpl ary method of preparing the sanple and
extracting DNA fromthe test sanple is illustrated in the foll ow ng

exanpl e, woaajbsan? |y illustrated in Figs. 1-4: 10 [00167] pBuesGor/n025nj ect i ng
the sanple: [00168] Sanple, for exanple, a test sanple (e.g. whol e bl ood),
is injected into sanple preparation chanber 6 via test sanple inlet 2. The
injection in this step can be achieved by neans such as pressuri zation,
capillary punping, or vacuum suction (a vacuumis conventionally generated
bel ow gl pas74p |P?:!(ﬂ 8810% H2itd:PRIGAL IRite B R0 pdedsSisitg oM Gr@td1Yg@dihilé ndi ng of
DNA on porous ass bl ock 31 [001701 Cell | ysing buffer is injected into
sanpl e dwémhwg)'(lmh@m%TEﬁp i6a)i nl et 4. Cell lysing buffer |yses both
red cells and white cells in sanple and DNA nol ecul es are rel eased fromthe
whi t e cqD0K]5] aSeangie cana sebs mexededith tysingduffysbaforetbeinfzanjectod itd sadplen sanpl e

h 6 0 71 I h ell .lysi pbuf f
Dot onp|SHRSEY chEbe D Vrsvatills Blion SSapE (pepber Ve ftegyine Pedbood
celI's (BufbRr réi)arat{oh)chﬁmiégs gfsuéi&éﬁ%oqgﬁﬁﬁl \ra%,gl bldek 39U tDfhe UBLRHLIAH Y the

Tris-HC a usted to pH (11) Make a separate stock by dissolving 2.06g
of Teis albaxbent Atop b&@@ﬂﬂumvaﬁéxenabh lwsctc?e&ammecpqsms’lhl@uglzﬁnel‘glass block dhdDVA ) i n

t he vqu ti,o of 9: 2), For, I t.e cells fer

6N e n i Tse el e to R e gt PSRy SrEnbiation
buffersm%&mﬁ iR abfaf tderadoN At @aeiidkglin S4mp1B. sequence "A" before "B" or
"B" before "A". 30 [00173] Another lysing buffer contenplated by the

present rpayvgtr, %Hdl'n%n to e a rgt%&)%‘éﬁ@@ vibahb5PAls MR Bed LBV B pads tRATsePT
10% Triton X-100, dilute to arts using 6M GHC (guadi ni née

hydr ochlsanpldand (ysmgﬁmﬂ’ﬁr TfErougHﬂ& glyss b[kmkﬁflmhemleg eemansbancalgsebavippliad:wi t h

buf. bef b ted h 6. Th
o a0 AET T pREeicnt 50 asThe RePtafeR b AR e Spum. K0 B Eh 1R B e T
plr)epar ?buﬂ&bﬂﬂa@ﬁhth e Bldck 33 e kRAtrb lokRBGH pliiping] ass bl ock 31 due to the
absor pti on by e

[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 caf bein the
form of, for example, electrostatic attraction or attraction of DNA to other molecules pre-

immobilized onto the filter media.
[00178] Step 3. Washing the chamber 2 and glass block 31

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

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

30 collected for subsequent use.

[00180] One example of washing buffer contemplated by the present invention is
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1 o absorbent 5 or by vacuum Wen the |ysed sanpl e passes through the
glass block 3 1, DNA nolecules in the |Iysed sanple are bound to the
surface oWotohe3gghass bl ock 31, since the glass block 31 ra3/SGozo@szl ity to
attract DNA contained in sanple. [00176] In addition to the absorption and
t he vacuum nmeans descri bed above to pass the |ysed sanple and |ysing
buffer through the glass block 31, the follow ng neans can al so be appli ed:
15 positive pressuri zation, such as that generated by a syringe punp, to

punp t heyg [feiq ?%o?m N MOmp S SICE %wgbmhgcgeétgﬂ#oﬁmﬁm% oat rm;gfrmsi s

punpi ng. The gl ass bl ock 31°can also’b | aced by ot her ter
medi a i noixtide mgth 9§fVasthariaI bethervatumairic fdtiosd 1 : gt éegsadﬁbdmldr@hambw W0ads nedi a

o at £ 1 DTG HE DL Sorfad by B seseoniinctvonis O aroRtermitk o 20

conbination of filter nedia. The DNA attracti on nmechanismon the filter

medi a ¢RI nintaddition gp thegpbsompiien andhibsvacuus) weassiesdibed ahpye ta@rssdhe or

med 0. [O01TEL S, GG R 60 56 L Enoh it ERLAST Pl e bt o1

Washiong presstirézatios sudhj asdhat geharated Mplaesypn@);anm 1oq:mnqhthamshiﬁg buffedtifdugh thenl et
4, and%g shing buffer js |l ed through the glass block 31 due to the
absor pt i B9 %qu’? CHBS"SF‘Bé‘ﬁPuE‘p&g by vacuum Under the flow of the washing
buffer, the DNA nol ecul es bhound to the glass block 31 still remain, while
all ot he[ffm]sgél)s&élhéegh}t%Ier{?%é ass Wep¥ $5 or proteins in sanple
preparation chanber 6 and gl ass block 31 flow through to a waste drain,

whi |d c hf c dP013d] t Aberdhe gluawebipclsﬂ isstsletl, the ghen haffertis itiectes) lagssammwrle?aratmé ]E he
30
o ot bt BTy ABLA! SRR BRSO gelhectod, Lo

present peffoendd WmethodSAdick@s ﬁaﬁﬁﬁiﬂﬁﬁﬂg 61(55/ &éﬂﬂh@&%b@ﬁ@éaﬂﬂé&aﬂf&hﬁ‘ﬂy%@

20 nM Tris-HA , EDTA, adj ust ture . to 7.5. Dilute mxture Wi th
95% et hAHGHOVREL ﬁgMéw%Wv@ Wwagy g from a(fey-Secrngs MpRicvE e Migrtionont
buf fer) .or ARURRM mmaﬂgaxm& SRRl SyRhakeE YiRg iRb %eega&naﬂ@ 2PArkh | S
80% i sopropanol. [00182]. In addition to t he absorption an e vacuum
means dehmb@édhmbahélqgiaqsé%@hﬂe("bmu gi. bumie@tedtmrﬂcmg#watrﬂélrgdctmsthﬂobghk
31, thetfol I 9 Cg git;ans can al so be applied: positive 1 o pressurization
such as kfel%? N r3 ‘ed by a syringe punp to punp the washing buffer through

t hezo bl ?&h 8§]1 The gll’[el(():l’} {n?ffé%%ggasﬂaﬁle omeasgng attracted DNA molecules from glass block
31, and the DNA molecules released become suspended in the elution buffer contained in sample
preparation chamber 6 above the glass block 31. One example of the elution buffer is autoclaved

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

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

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

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

for about five minutes.

[00188] The elution buffer can contain, or be added with other chemicals for subsequent

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

amplification, fluorescent dye for fluorescent detection of DNA molecules based on principle of
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[00183] Step 4. Eluting DNA from glass block 31 [00184] After the glass
block 31 is dried, the elution buffer is injected into sanple preparation
chanber owwoica/obi9hder inlet 4 to fully occupy sanpl e preparatrisaoz/edanber 6.
The drying is 15 perforned by nethods such as natural drying or by

el evating the anbient tenperature or by hot air blow ng. The drying
duration typically ranges froma few seconds to a few mnutes. Injection
of the elution buffer can also be perfornmed by injecting the buffer into

the sanPiigorBicBRE dhblgResofitdifhsRr [FRITHITad Ve @ (RSche NS kul SIS fstded Tgm up”,
i.e., injected in the upward direction through the glass block 31). 20

[ 00185] Stmeersiligt Nop SEBRf Green® (Mbedvilar Posbes dineaBigrye aOR). and ddolbilamdtasony es

from gl ass; bl ock 1,. and the I l.es rel eased one s ended .j,n
he ef uc TR QTR Einaroabi e I eipreoN A R R e S DR BBSOLST nhie
gl ass bliafktiddin et rRbetachievtd Bireh gt frodduiitthibe! cabflatpb@abRY SehcuM@t er .
Anot her e%rrpl e of teﬁe el ution bufferghitﬂs.l ‘oM TE gt gﬂf’s% \g’[ 001861 To
enhance fugBowIetR:i on ef ficiency, a vibrating actuator 34 presses di aphragm
48 to 25 agitate the elution buffer in the sanple preparation chanber 6 and
gl as® bl[00k891 The amlohuieliehitn DAr shuédfilly ©ctupylteaseeniilé preghmsisn bhansher $lscand

coaki ng oG FaBes B il sFeoBskRer 16 B e L SifedREe
[ 001881 ckis £Yalvé ONhdLTiSE befér i§ 8ifaied to MmME pRESGHoNE MR Befuriap ek cal s
for subsequent 30 analysis, (such additional chem cals can be added by

prem xi rpeEAlal sttRenmi cals with the elution buffer, then by adding the
m xture to sanpl e preparation chanber 6 subsequently via test sanple inlet
2 and/ or[0OLH0f e All effasts shiyuld hd diade dmpteveltahd elation dfer dropt soethg owhiddehet he

enzynes for. applii fication, flugrescent, d fl.uorescent, detection
of - Bha sisraity ote B br Shod s bl RRE T 103 S rE8 s AT R ERsPGIs5E 2

f 1 uor escanlsis e (IR@iticuks anaieteitapphéfion OF e kbsorfaf MBROG HeReslded)Vbl ecul ar
Systens, Inc., Sonerville, NJ), SYBR Geen(r) (Ml ecular Probes, Inc.,

Eugene, [68391] 27 NRhiRE teprdd8 3610 6 DN choldt¥ile8 16 FheCdi®id tathmel o tHd d1@Shd O
perform DNA anplifications and fluorescent detection. The injection in

this st dpiisagnde cabsice theqmifors digiribytionsaltheBNAoRoleewdps in talergherfillogying acuum
f Egt !s gprp’r?egﬁﬁs é%g Pg tglg%iﬁl? (J?ﬁ’;%%é‘?ﬁggg %gi%ing Ib’d{:fla% eQ:HIaftcﬁ'r 345438}{& gn fdigphyag&cf&' Py
20  as described above; applying a vibrator to shake the entire substrate 36 (chip) at one or more than
one vibration frequencies, especially at a resonant frequency of (1) the entire chip, and (2) the
mass of the elution buffer contained in sample preparation chamber 6; heating the buffer
contained in sample preparation chamber 6 non-uniformly to generate a thermal-gradient
induced flow, or forced convection flow, of the buffer inside sample preparation chamber 6;
25  adding surfactant to the buffer contained in sample preparation chamber 6 to hélp to release the
DNA molecules from the glass block 31; or adding magnetic beads or fibers into buffer and
using an electro-magnetic actuator to agitate the buffer to help to release the DNA from the glass

block 31.

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

conduct the methods of the present invention.

[00193] While the description has been generally directed to PCR and other 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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that the elution buffer can reach the inlet of the channel 10, as shown in
FIG 1. Since there exists a valve 8, the elution buffer is confined to
sanpl e prepasasioon chanber 6 during this operating step. PCOGLIOM025L |
efforts should be nmade to prevent the elution buffer from noving outside
the 15 domain of the chanber 6, since this would cause the | oss of DNA

nol ecul es for subsequent analysis. (In particular, inadvertent application
of the absorbent 5 should be avoided). [001911 To enhance the spread rate
of DNA muksepul Bsmbgdheoushesa ggnwcﬂa 8 BéTBer®irmed®n %letahﬁp)&hn Ml(fﬁ%d ahg 3teg%nera1

enhance the uniformdistribution of the DNA nol ecules 1 n buffer,
f ol | owi ngptegesiedoNARNAKtamey (mmktlh@Cldlhamdl),aﬂmtml/arm@od}abmsag andmélbbasbgt

act uat or m. 48 as ri.bed above; applying a

vi br at _orasg§' sﬁl&kﬂg a%ﬁagnfso g%%ng@{x?rg? greggowg?ff?)s)l Yt one or rrgpeyt hgn one
chipe andol A R BNARNTRBERE Glfficomibimroremofiarie drsrapebes n 0.1X
pr epar at TR Bugha rekad; Ieh@zeafelspguéé}@a&aflhﬁﬁheﬁ By abingt 26%& 0 GoPiERA ation

chanber 6 non-uni f or enerate a thermal -gradi en ow, or

f or céd clm@fuhzmnqu @ ea&ﬁfon@ teactierf ¢eampanesi \dﬂhmatrhhsa ope emy atation nefyaidoer 6;
25 addin surf nt to er conta in sa r tl n chanber
6 to hel%nf 0 re Iég)é ot I?iémnﬁhﬁ Zﬁ*{}?lé%tf’g?a# PhEeyP b$ e3qu Hﬁpﬁaﬂ‘i’lhg
nmagnet i qele@&LDIOA ok RDEA ftd APCROKhRIN rleure GSiMY pﬁﬂxe%l Dlg& Egv}ﬁole
actuator to agitate the buffer to help to rel ease the fromthe ass
bl ock 3Mmixfuyyg %92@ ity thy 9ssqyf statiqms yirokjust @pléplsurp@ssghmhw er ¢haineels 2U1am:kebuf fer

inlet 4 r t sanple

niot & ISBRR e inal hELRRCOARABRRIOH, P S RIREREL Ry b BirhGeh £ TP

pr esent Demwhn)hlaﬁ produoB hﬁt’i’]be\bbnﬂm:téd’lby dad abi Mit&ﬂobﬁtﬂn@@@ﬂu@@ﬁ&hé’é lleh’onance
assays, the invention is b

directed to afagi@ﬂ |cat|on

neans s§® ‘Fr|gPﬁt’Eaé‘ er %?1‘?8“ Aeierins opRormabngn-EREASybr Gireent iﬁ nay
al so be gdiettibi 8othér ﬁ@fh@}b@é BhGELRAT Ot LN -
honogeneous 45 WO 031/ 035909rsg)1 /S@Z/%Sgg)zl\(%a%ssaﬂg%m%gnn%%gg léggs%]%/%

whi ch ndy fasexpaipieo Radldirondatnef ENPpOCBNAbanhﬁnadelmm cotlectdd denivey @dch cycle and

cat egorlt}ﬁ%l Qﬁ‘ﬁé@%’éﬂi =Y (nucleic acid based), Protein/antibody based
and cel | base assays errpl ary assays and conponents are provi ded bel ow.
[001941 cleic ach based) .enbodi nent prinmers and
pr o%(zs |[d 8%& exﬁ%%ﬁsbﬁ(% AR lgﬁﬁaproél aé‘éé‘?‘?@b‘?"p‘?’ﬁ@@é“f’&‘teﬁmtaﬁe assay

st at i ongomprissPICR NieBthby@d Binplifi€stion methods e.g. nucleic acid strand-based amplification
(NASBA), strand displacement amplification (SDA), etc, as well as ligase chain reaction (LCR),

rolling circle amplification and ligation, etc., using FRET, molecular beacon, etc. as described

above.

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

the present invention are meant to be exemplary and non-limiting,

[00197] DNA Based Assays

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

thickness ~ 2mm:

30 [00199] PCR mix: lul of 10X Pt Taq polymerae buffer, 0.8ul of 25mM MgCL, 1ul each of
10uM stock Trytophan hydroxylase, Forward primer (5-TGT GTT AGC CAT TAT GAT TA -
3') and reverse primer (5'- CTG GAA TAC AAG CTT TAT GCA G - 3"), 1ul of 2mM dNTPs,
lul of 10ng/ul human genomic DNA, 0.5ul of 10%BSA, 0.5ul of 60X SybrGreen, 1ul of 5u/ul
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10 I nmmobilization of at | east one reaction conmponent within. at |east one
assay station may also conprise, for exanple, immbilization onto beads,
gel s or nwolwas®e? Sanple fluid preparation rel eases DNAPam/SRN&00282 0 a PCR
reaction m xture (mnus prinmers and probes) and the whole mxture flows
into the assay stations via first multi purpose channel 30 or channels.
Upon re- hydration the prinmers and probes participate in the PCR or if
specified,. RT-PCR reaction. 15 Detection of products may be conducted by,

and net  Platint@dldqRolythbrlabeZAddR. Il WAk &S I8 BeCoh @S0 R MBS ve RMGIA¥ntS 'él%'}ﬁéE ?%’ne
r

(FRET), nol ecul ar, beacon detection, or normal non-FRET Sybr G een,

det ect i oBxPt Geredp np dieg pelierases (Pi coGreen, the TOTO dye fanmily e.g. -
Toto-1, POPO- 1, BOBO 1) for exanple. Real-tinme data of DNA or RNA

anpl i fi cH0260] iPCR corlditodnschal startrf$° € achniay?0 eycdzdf 95HRN364¢bt IACt IDsb¢ gmd a

basel i 01951 | | DNA based , lificati d
pasel | ne 20 hGAORACl L sxerpiary O Razed Jesaus AR L1 coLion AN e
e.d. NUCHE))GriBChdinstikantk Qﬁwﬁ@ﬂlolﬁ{lﬁgl WHLBEROfe cﬁiyﬁ%%)as F?%WFEL?@?”W

anplification (SDA), etc, as we as |1 gase charn reac l'ing
ci rcle afyiresdentamicsescapriusingytht isane expasure tisé fig efdRERmageioeksd wy tobeagMsuteret C.
as descr{; ?%P .tagbove. 25 e[%%1961 Al.l of the fol |IO§II n.% aggays t hat naybe
conduct ed* [ENALEREE FARNEE PF Frohifeshongdongee sppliigtiop ok b Trplapbabn ar e
neant t chyldeo:iRRIHeas FagdfentRe Bompared kd8oniloPRL8HJnsDNA Based Assays [ 001981
Exanple 1: PCR assay wth Sybrgreen in assay stations (dianeter -0.5 -

| , : hirc g i Dt
pm/ne(r:?g%%if]f !eB%K .8%1’1P of 25%%%%%%%933%}&% HA[ fr%%l%&%&"#??t ophan

hydr oxy | skégellofdss, aeErinpnégative bacterPGhaGRNsABONGA EaFAEnEATs. Refereite) J.8nUoh and

reverse ki ' G T, T TA G,: 3),.)ul of 2nM dNTPs,
Lol B I%]égllgﬁ' %@nﬁ%‘%& %a@ﬁ&%gmeﬁp& %&Em@?l@%ﬂ Niﬁ?”h@i@é’@f@#@@én,
lul of Swmhlykis, WER¥IELK3t. GBFBAY), Bedih&se0ps 092521.5 Pl ati num Taq Pol ynerase and
2.2ul water. In the control, the above conponents are the sane except

there i Jo0E02]aRCROh®AIl 780X ORI TRER. €N thrtdroniv akabs S ﬁﬂtea%p&" ro@ n,
30 cycles of 95C - 30sec, 55C - 30sec and 72C - 30sec, 72C - bmn, C -
f or ever Stookoisd gamsr (H- AGWCPERCHFACGAALAC BIA -3200)d rewerke primemGS3i t u

PCR al phgr@aeyt ecEEX TREEAES) IR 19BuNPSo RIRRT G SRS 52 el a0 -
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 5u/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.

[00205] 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 allgle-speciﬁc acceptor probe labeled with either ROX (6-carboxy-X-rhodamine) or
TAMRA (N, N,N8,N8-tetramethyl-6-carboxyrhodamine). Thermostable ligase was used to
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10 fluorescent mcroscope using the sanme exposure tinme for each inmage,
hooked up to a conputer for digital image capture. The results showed

posi ti ve wopBioiseat i on of human Trypt ophan hydroxyl ase geaa/SGoagomsnt as
conpared to control reactions. [002011 Exanpl e 2: PCR-FRET detection of the
23S RNA gene from Pl esi ononas shigell oi des, a G am negative bacteria that
causes human gastroenteritis. Reference: J.P. Loh and 15 Eric P.H Yap,
Rapid cycle Real -Time PCR, Methods and Applications, M crobiology and Food

anal ysi sliscimimat b&thlee®h matdh or(nESiatth nPEIEGIREH: thePP-o¥PHe abédptod FOBE Refehedn X:
lul of I._ OX Platinum Taq buffer, 1 ul of 2nM dNTPs, 0.3ul each of 10uM

st ock f cf-del Pral-nBenquee ResndP983day :BER: HRE6GAA CAC CTA -3') and reverse
prinmer (5 - GIG TCT CCC GGA TAG CAC -3'), lul of a 20uM stock fluorescent
probe ( 00206 °R2Qb48saydor GECtAGoGOSIATH MTAtiAnE 16T AcB@BBtEe @A Tsonsible for

3' -Ph hat | ul f [ul BSA, 1. 6ul of 2! 2, 1 ul of I. OX
2o o el HiatgspernB! amd driner it rabis Sikte BlopfiliZuA Mt aisesitions agf fHeyPNA

sanpl e Rk S8 freB poftiind®ad iRfideBintd Ve abR) 0B OER 1EORHELES ARSI HeShARY -
95C-Imn, 70cycles of 90C - 0 sec, 70C 45ec, 72C - 5sec. 25 [00204] Single

Nuclléot iebevePol ynor phi sm (SNP) detection: Allel e-specific PCR dye-| abel ed
ol i gonucl eotide ligation (DOL), PCR OLA-FRET (oligonucleotide |igation
assay), [MCBR7OPCR-EREIGn miN: @hkofdPemM iTeis Pt RubsSHmMagCl12] DA2ADISNEIDIp! e

por Yo amp P EAABATaEd unTaNls. {as bclon BERSUR i drated Bhme i A A

or 30 OlGTEPGUEE ACIA GAG KOS AOT GFBAGELEY aE&Eé’ve&s%??h@r(“ﬁ’FBE@ GCcliheae-A

assay uses 3 probes to detect a SNP, oné commobn nor probe is | abel ed

wi t h” FAVCASGES HeQ\CAASFEsEEL Myl of 4ni FAM-labeled dongr pedles- (S pEAMTEC RACED! or
ro I | 1 »li - carh - X-rhodam ne) ,or ~ I

IR st AL AL G 0 s R T SR e e chuyohnu i
47 ?/\o OBIATB 15%91ng1st SN IR A ﬁbélbmdé&paapgibwﬁnp@s@%&@ﬂ&o} Am'G:Tmt:cl h
nucl eot t ' t he acceptor probe._ Reference: ... Chen, et.al.,
Genomne Eﬁ@é@é@fﬁﬂ@(@?é@gg BgﬁmP%g@@PlDal‘I%%W“f@A%t%ﬁ%g codon 39
CT mt B RBrasE Itﬁﬁxiﬂﬁtﬁﬁﬁﬂkéé@é D}gﬁggaségﬁgﬁﬂaﬁ% gofior beta-o-thal assem a.

The priners and probes were [yophilTze e assay stations and the DNA

froms am@h@zﬂp m_ﬁ%rtwn%ng%néz Helafifhtiol99°¢ NBLAS SWeyikibt 858 Vi Al he
various channel s descri be
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.
[00209] RNA Based Assays

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

25  PCR, Methods and Applications, Microbiology and Food analysis, 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 5ug/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.

[00212] RT-PCR conditions: RT — 15min at 50°C, denaturation 95°C — 5min, 8 cycles of 95°C —
0 sec and 55°C — 7 sec, 50 cycles of 87°C — Osec, 55°C — 7 sec.
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lo above. [00207]. PCR-ligation m x: 2ul of 100mM Tris Ph 8.0, 2ul of 65nmM
MyCl 2, 2ul of 0.5M KCI, 2ul of 10mM NAD, 2ul of 2.5mM dNTPs, lul of each
50uM st ocwoRGR3F90y ward prinmer (5'-CAT GIG GAG ACA GAG AABCASGIZIRSECG - 3')
and reverse prinmer (5 - GCA GCT CAC TCA GIG TGG CAA AGG -3'), lul of 4uM
FAM | abel ed donor probe (5'-FAM TCT ACC 15 CTT GGA CC-3'), lul of 4uM
Rox- | abel ed acceptor probe (5'-phosphate-CAG AGG TTC TTT GAG T-3' - ROX),
| ul of 5uM TAMRA-| abel ed acceptor probe (5'-phosphate-TAG AGG TTC TTT GA
TC-3'-T R nom ¢ DNA, 0.5unit of AnpliTag-FS

5 Aﬂyeﬁé’f, 31_ %g&%e?iaa fbia% mp q

pol ymer a nit of Anpligase DNA |ligase and water to 20ul. [002081

PCR- | i gafi C L.t X t t | 5C -..2mn._ 10 | es of 95C, -

ssec.  So0E0PRAACAS syRAR AL KR rpertial Rdlend 8oyl iy (L ndiiieg god
30cycl esmedifi@h@.g. peptidicnuctiCacid (BO4% mﬁgpm@hbliquéd DN AJ%td) thad t&@jerveigh at 95C
- I 5sec, 45C -1.5mn. éQQZOQ RNA Based Assays [00210] Exanple 1:

Anpl i fi datgpigroteiy ligarddinid sarbrlirydrar. mretolgeteio: iAmerers Bibslsdevith & dige, egype

I'l. Ref : - ELi ' . B ] '

cyel o Re KA for Bxtinpifflay by pifeszel b ithida T u 8 el Belds dBBLGERIE
anal ysi Syopglilidedi Fctalgeeproteibh/an(igeishay th&pbe igeducedinddhe 25ay sthikdd litilizRE- PCR
m x: 2ul of 5X RT-PCR buffer, lul of 3nM dNTPs, |ul of_ 5ug/ul BSA, |ul of
25mM Vh A ,m.@%@%a ¢veg fiiessent nolirizatien way then bespiliegdo gesgercior AAT CGG
G3') aaggmfe? FOiSiR bAdIRBIf oﬁé'ofﬁﬁg%n%% PatGs Elbel e Wt fluofdger? gﬁé’.' of 4uM
stock probe (5 30 LCRed640 - AGA AAT AAA ACA AGA GC- 3'-Pnosphate),

0. 5ul ORT\[lg\@%ﬁ?ﬁfe? f%?"‘&k%g‘%d g%lagu/ ul Tth polynerase, 1.5ul water and

vi ral me. [00212] RT-PCR conditions: RT -15mn

at 50C, at i - 1N of 950C; 0.sec and 55C - .7 sec
50 cyol JUFAPY Rl dRpdBtaails el s HELER (Rin? dakebisRinRaths 3 o V5
[ 00233] uviifiteiecolased ths taylingd SIAR fiksedpiraentich toldRtesy pitheiehs (LN opeRNA or
pepti de sequences which may he normal and nodified (e.g. peptide nucleic
aci d ( PRAAWIEhELbHob RETtGRATBdneNaionsany! drppicreeningsact with a tar get
protein, Ii gand (l'ipid, carbohydrate, netabolite, etc). Aptaners | abel ed
with a dy17h Iy thesy axgenplap; erabodipends, thagntibediey ar prodsineerndedabelrdt vidhipairg of

assay ¢ Wdyeg,%igﬁmﬁ%% SeRBbhce energy transfer (BRET) protein, fluorescent dye-

- quencher dye combinations, beta gal complementation assays protein 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 Triton-X 100)
of various concentration (e.g. 0.05% Tw-20 and 1%Triton-X-100), and these flow into the assay
stations via channels as described above. Upon re-hydration the antibodies or protein pairs may
participate in FRET, BRET, fluorescence quenching or beta-gal complementation to generate

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

[00218] Example 1: Antibody-antigen fluorescence quenching assay: An antibody was labeled
with OG-514 (Oregon green 514 carboxylic acid, succinimidyl esters) and the antigen (peptide,
protein, whole cells, carbohydrate, aptamers, etc.) was labeled with QSY-7 (QSY-7 carboxylic
acid, succinimidyl esters). Fluorescence quenching prevented or suppressed the detection of OG-
30 514 fluorescence. The 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 into the assay station(s) via channels. Upon re-hydration in the assay

station, the labeled antibody-antigen complex participates in competitive reaction with the
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10 Iyophilized. A target protein/antigen may then be introduced into the
assay stations utilizing nethods as described above. Fl uorescent

pol ari zatworv3/e3p0e hen be utilized to screen for aptaner/ pcatssiovodesndi ng i f
one of the binding pair is |abeled with the fluorescent dye. [002151
Protein / Antibody based Assay [00216] Protein/Antibody assays, such as

ELI SA (enzyne-|inked i mmunosorbent assay) nay be 15 utilized according to
t he teachings of the present invention to detect pathogens (e.g., open
sandw chyfthieRA) antiBeR IRinpelitioR witht il Aelel ARGz ANEleNed SheSOGERDI 1M Eed drfiddy] | N
these exenplary enbodi nents, the antibodieS or proteins can be | abeled wth
pai rs of whesREInotRgesnce iy ddtenteédal sbewic@8r588amance energy transfer (BRET)
protein, fluorescent dye- quencher dye conbinations, beta gal

conpl enefi2t9joRxampde/Z [oublesandwichgmebddy, FREI di ssol ved in 20 1X PBS,
spotted and | yophilized in the assay stations. Sanple fluid preparation

r el eases|pp2¥]eTHS méHocihhEinti®blicd eRectéddeRinBBEn&i-cBfethiit kpiopst bhthercmgt hout
detergent (e.g. Tw20_or_ Triton-X 100} of various concentration (

0. 05% Tualpih chiin Wemscifizesh Ore p60)e marRslanpseasilstsled Wil theidere absapry B i Bns
Vi a fuhanﬂﬁ!tﬁe %C%%%EQ%%QMH?XQC%WW re-hydration the antibodies or
my parti

protein pairs I'pate rn FRET, BRET, fluorescence quenching or

et 0 o) R S ARk SBBF ALt GBS £ TR e

Ant i bodyoriy1 099 ERefetdnos: TRaRAPe, 1UENCTHbMBrRASGEY JunAM &DJ:9 D00k, The efficidirlyed
wth OG514 (Oregon green 514 carhoxylic acid, succinimdyl esters) and the
ant i gen Kigehiay be impiayed Py vsipg spe labpred FRET dyapairoteh axtbesmirane dyes ) was

| abel ed uhdh fRSqbe0RTREEr b RV B, o], AnafHEAEIb Al PRSP 277 (oq0y,

Fl uor escence quenching prevented or suppress

fl uores £l - | X S il.ized in.the
N R R L e e R s R R
ant i gensoridging aiBgero(opdBSardwfilesdssid)t h or w t hout detergent (e.g. Tw 20 or

Triton-X 100) of various concentration (e.g. 0.05% Tw20 and 1
%I it on-[Be20BP)Recdftbikdn®¥ntibildy abRGIEIS Gdeh dpledlio2hs) frgriert hasnahsin (VEDknd

re-hydration in _the assay.  station, the | abel ed anti body-antigen_ conpl ex

parti ci giehbehaih(\tlohyereilateles wish sycepmige eptersf foropgsin anddwdamine-X,

B S B 3 A R e e b

abowp 528 H30WrempOoREDE.g banple dd ibdwehiresesemnalaintipera thd YHdyd MRERtdraGRA6 1

Two monoel gnal . aphLbokEST diesh eRdakaRY £ 9P RnC STRSLA G SRL gRes ©f
fluorescence at 520 nm and its increase at 605 nm were observed when an increasing amount of
HEL (antigen) was added to the mixture in the concentration range of 1-100 micrograms/ml.

Reference: Ueda H et. al., Biotechniques 1999 Oct;27(4):738-42.

25 [00224] A modification of the above method may be utilized as follows. Instead of labeling
" with fluorescent dyes such as fluorescein and rhodamine, chimeric protein of VH — Rluc (Renilla
luciferase) and VL-EYFP (Enhance Yellow fluorescence Protein) is constructed. In the presence
of Rluc’s substrate coelenterazine, chemilumiscence with emission of light (475nm) is observed,
but no BRET (Bioluminescence fluorescent energy transfer) is observed. However, at low
30  temperature e.g. about 4°C and in the presence of antigen (HEL), the VH and VL interactions
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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al pha chain were utilized. One of the nonoclonals was | abeled with the dye
phycoerythrin (PE) 1 o and the other allophycocyanin (APC). [002211 FRET
was obserwed3msmn excitation light was directed to PE but pchsGetHizse ency
was only 10% Reference: Batard P., et.al., Cytonetry 2002 Jun 1;
48(2):97-105. The efficiency of FRET nmay be inproved by using near
Infra-red FRET dye pairs such as the squarai ne dyes (Sg635 and Sq660).
Ref erence: GCswald B. et. al., Analytical Biochem stry 280, 272-277 (2000).

15 [ 0922300228 Mt essthéramedifofioatdraie Sist HEGROMH Rablow thdadbridghbhe d@ heavy
chain directed by a bridging antlgen (open sandw ch assay). [002%3]

Reconbi néipresgent disd yuchmasifluarisc¢ipend depgtamynso thjoregoxin B fitsicmeaotgingratem, ( VH)
d Ii i | led wit | ni N f fl i
and r hoddmrNer B bR Bl forStei Al R B PPV EH SR feahaiersdiua ds each

ot her pr @ueRtceass6ical)i®ComRtcttRETx indedtt thekohuBity 61 MhE eRpresRd Prddeingbout 4C
and in the _presence of antigen, the VH and VL interactions stabilized and

hence FREREd@esirasdn theprascage pf g antigepddEnReforanotfAwaRs, ctlabs BageiniFngt he

fl uoresc (5’6051*1@%' 2RE-aNd i ts increase at 605 nm were observed when an
incré‘gsigg ano }1?(%213@% (antigen) was added to the m xture in the
concent r gt nge of 1-100 m crograns/ni. ef erence:  Ue et. al.,

51 o echnlaey TH68m i tiAe i SOhEBRsch: inyaniian enaHp PERLPSHo GPidiss
above mepledni@yulios/shys. 286tedbplolih @i6ractlons hRAtpBHaktaREhMImYdrNregulating
fluorescent dyes such as fluorescein and rhodam ne, chinmeric protein of VH

- R uc (flyarpepcessye Bf Speadaiion ph drangeripimpby theimerszties ¢ihesic helix-deapehdix

Pr ot ei n) ;4 .he . e -1 Of uc'.S. sub e

coel ent e?b%%}ﬁg%h%%%@ﬁ)ﬁ gartﬁtésljg’e&n]g%n% t‘fq?f dg%ﬁlsds? ?18%1 PWIH TRer ﬁé@rﬁf B WB8er ved,
but mno Bhfahd bBidgioi geasatrvetulal signaigefor ceneplgy transfer) is observed.
However, at |ow 30 tenperature e.g. about 4C and in the presence of antigen
(HEL), tpee2dH oritdziMh theuppaasls, eamlida@sorimtir Preod cxprISa BRElDseHiiadi@nd
fluorescence of EYFP is detected at 525nm Reference: Arai R et. al.,
Anal Bi oehenfied zersp fugreseens gt (BGFE) , fos gxaypleanansdes bebyppbtized tossy 5

[ 00225] i fil ' j IS a5 f t ead
of 1 abel§ mar TP EER Iy RRtdKMndhe bty dbdpl, TRERREencP Bl blnk i R

t hi or edagxbtein Witk gnifansé¢bilupflovestenppwtan (EBFP)rix intddudedRto(tba hway statidrse

fluaorescent protein). and, Trx-VL-: EGFRP, (enhance green. fl uores e protein
o et PR AR Frior e i AR e Py o g ionast SEERBRBT eBrife o
FRET occdxain@lt drivtheh deteti@stnethodd, at Reovadin taeatHEL. Reference: Arai R, et.
al ., Protein Eng.

[00228] Cell-Based Assay:
[00229] The present invention may also be utilized in drug screening and toxicological assay
applications. Numerous methods for drug screening based on FRET, and other detection

25  methods may be utilized as known to those of ordinary skill in the art.

[00230] For example, toxological assays may be conducted according to the teachings of the
present invention. Synthetic small molecules from combinatorial chemical, or peptide library,
aptamer library, etc, are pre-loaded into the assay stations. The assay stations have conducted
thereto particular cell type of interest, which may have been recovered from a sample preparation
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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10 2000 May; 13(5):369-76. [00226] The apparatus and nmet hods of the present
invention may also be utilized to conduct proteom c studies/assays.

Pr ot ei n- pwotogiossopnt er acti ons are i nportant mechani sns f or PCE@H2D25Y
cellular process, e.g., regulation of transcription by the dinmeraztion of
basi ¢ helix-1oop-helix (bHLH) transcription factors, dinerization of

Epi dermal growth factor (EGF) receptor upon 15 ligand binding to generate
cellular signaling, for exanple. [00227] Utilizing the apparatus, candi date
prot el “306531‘ PE&)fug SrBnBss edlsAsinibe thpie e OicRixpiesiitelirug tingn cebl gredn.g.

fl uor escent Ar otein (EGFP)", for exanple, may either be |yophi]i ze%, I.n
assay shalticnbunit reeefieg Heigrodimeritipg ponodimpenzing Brojeia a9ﬂgqra§1§%‘§l.th ffterent

target or " bait' express [ O r ot ej it :

{1 Uor esdbisEesprBBnAD EBrRy TP T REF oo R ERRR Urgsing, g
the c ha%ﬁ# FrescldesGith pask ABEMEs triBbate by spitRtRilizahdbadar sl anldcultes FRET
activity, for exanple or other detection nmethods, as kno in thg)gart

[00228] “aBEbbd;Bhsiag the Sagres¢epbpzddin Pais iqgetisbsich ity ERE Torntake plpserheia-gal

utilized in,drug screenin d i colegl sorf OBl drE i umer ous
met H8ds PBPIGP at‘soélrcé’gﬁz °r‘fg“1§g°sreeé‘ OHPBF@&%%\%&%%?%?O det edg??féﬂg&gz;ed%t hods
may be UleidrdBBiriasd dauit-dubuiibpoeein tompldk basyntbdtid ligands, shrallamalecul© @p@0lerFor
exanpl e, toxol ogi cal assays nmay be conducted according to the teachings of
the pr @ﬁfeﬁpulidﬁv‘égﬁria&@fe%flﬁé%%jwcmg 1.1 nol ecul es from conbi natori al

chem cal, or peptide |library, aptamer |ibrary, etc, are pre-loaded into
the assd902¥2t Thnsmaliimelegulcaipay dafifussiatorrsledepsnding paihe ¢hsayed SITUElve; cul ar
cell ty of jinterest, .whic WA ;

ot epar atTee A ESPOT IS oRae BRI hbERRAL St bt BT rroten or
cul tyyr e, et fuchRdigRicoddriitdio respentthatitbalodthyeize imhegiresnbeofighespicosigoidAf t er
a few dz;ys observation with mcroscopy will reveal if cells exposed to the
provi dedope@mmaded conponents undergo cell death remain alive or are

otherwi se affected by the pre-loaded assay caonponen t hat had,be
provi ded00233 h@hasgdyn@kaﬂeéd@?nélapmfﬁs%éwd@ %@TF‘%&?@/ Vlpes) 'Chf’é‘gg%ﬂ‘?’ For
dr ug_ScreeRiOt BSIES FAR MEaRIGLNER OGP SIRA RS thdiass) 4BlidARITer 0 De

I -sudbu re

tested ep_es_ © eptor, heterodinerizing or honodineri zi n}gp
prot ei n ipegHiesd, Celis enginedred dithfaalraptarget pradein Sised to giegr Supreseengpropearfiry)

EYFP). Association or, cr,ass |inkin f r S r i i 1k
hebel WBSete e prrcnt e S5pF aBin GEFEHA Bl M ARG it h ool
smal | ol G Bedh. LRObARABEthdédRasH the pbictitul dagesntabputd7€l, forpakmpleomey her

such that FRET can take place or beta-gal ) . . .
trigger protein-protein interaction resulting inFRET, or disruption of protein interaction would

decrease FRET.

[00234] Drug screening applications according to the invention may utilize cell based and/or
25  protein assays. Such screening applications may utilize the introduction of at least one of a
population of wild-type cells and a population of cells expressing a recombinant molecule, for

- example, into said at least one assay station, in accordance with the teachings of the present

invention.

[00235] Besides FRET assays which utilized two fluorescent probes for PCR, PCR-Tagman

30  assays make use of fluorescent quenching whereby a probe is labeled with both quencher and
donor. The probe, when hybridized to amplified DNA fragments, is digested by the 5’ to 3’
exonuclease activity of Taq polymerase extending downstream from the primer. Upon digestion
of the probe, separation of donor from quencher leads to a detectable increase in fluorescence

signal from the donor dye. Colorimetric detection can potentially be used in conjunction with
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1 o conplenmentation could occur, for exanple. Conversely, disruption of
honodi neri zed or heterodinerized or multi-subunit protein conplex by

synt heti cwbiog@ass9s9 smal | nol ecul e, aptanmer, etc, coul d trCgEe02/e02deCcr ease
in FRET signal. [002321 The small nolecules may diffuse into cells
depending on the chem cal structure. Hence, target protein does not need
to be a surface proteins, but can be an intracellular protein or 15
receptor, such as glucocorticoid receptor, that honodi nerize in the

pr esencebedd-gfll doagianéit@inthssayh M is6tharid Amplif0ARalasshys AnBihkr SRLATAY ASsay
ligand, aptaner, etc. may be derived froma conbi-chemlibrary, = peptide
synt hesi methodelngy)that mey ke ytilizadanclades frosestencs polbpeatioadwherein wedl fhsgasgeent

station n__lvophiliz Cel | ngi neered. with r arget-,protein
Fused t PSFREHE Rrerp BB IS B baiel BB Fha & d sy Rlie 1% B BEH5, o
t he assajfeistabit@n(thy dgRlatizatiahamnndk spplad 6l Gkt thtioR 0¥ ehavihg PR neisthirsr €
medi a. Incubation of the cells with the potential drug at about 37C, for
exanpl e, andeptential prgduct theseinppd prhsequently deteetadt i on resul ting in FRET, or

di sruption of protein interaction would decrease FRET. [00234] Drug

scr ééni rld02363| iTdwtihveamsionbasoraly bepntegplafrediwithorfarore haspeaificlenteduadiits. bAted

and/or 2 otei n.assays. ch screenin lications may utilize the

i nt roducetmlsogﬁtl%?rﬁﬁmﬁ§5§ paﬁeﬁlgy.ootlhoile Ofgo(fg‘[‘i‘fng'tsgﬂ 1 CWPHYIF‘Q’;S% IEWd a
popul at idescriftione!H is nexiptepaesd et MisiBe&HHdhMa HmiftaleREpt 8 intiRhted By ARPAFHenidH O
said at | east gne _assay station, in accordance with the teachings of the
present clamsand thsix fullgeepsspubnglenifes FRET assays which utilized two
fluorescent probes for PCR, PCR-Tagman 30 assays nake 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 Taqg pol yneri se extendi ng downstream fromthe
prinmer. Upon digestion of the probe, separation of donor from quencher

| eads to a detectable increase in fluorescence signal fromthe donor dye.
Colorinetric detection can potentially be used in conjunction with 52 WO
03/ 035909 PCT/ S(X2/ 00252 5 beta-gal conplenentation assays in isothernal
anplification assays. ‘Anot her exenplary assay nethodol ogy that may be
utilized includes fluorescence polarization, wherein small fl uorescent
dNTPs are incorporated into PCR product, for exanple, and as a result
tunbl e | ess and decrease their effect on the depol arization of |ight
applied to the assay station 26 having the PCR m xture
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and potential product therein and subsequently detected. 10 [002361 The

i nvention has now been explained with reference to specific enbodi nents.

Q her emvodBesws will be apparent to those of ordinary ®kirlSGoe/mozshe art
in view of the foregoing description. It is not intended that this
invention be limted except as indicated by the appended clains and their
full scope equivalents. 53 WD 03/035909 PCT/SG02/00252 W Caim 1) A

met hod for diagnosing and anal yzi ng bi ol ogi cal sanples characterized in
that thgemmiigpd conprises: providing a substrate having at | east one assay
station, an arrangement of at least first and second multi-purpose
channel s wher ej bn Adh @&f&aﬁgﬁoﬁﬁgeaxﬁﬁaﬁﬁwzﬁfg%blegcmmﬂgles chataétedzddrinahatl 0
position interred ate between said first and second mnul ti purpose channel s
and i n fthamdthodrooprissst | on therewith, wherein said first nulti-purpose
channel has at |east one characteristic conducive to conduction of a
sanple fluid t herﬁzbhfdmg’lsub@ttaté aadhg atnleas anphway statib, amhﬂangement of at least
comuni cation with sai.d at |east first rmla K%F pose ch andlﬁaid

one i solfistiasd-spermdumyltisoyrrose phanaglilicrdn s4ig At [RpY ANGaSY m?rb%??g Pt lé}r?d
secqpd rH%{Hn!on Méﬁx?fcﬁatg bane&l S d Bk thPlechbfPRultbarBScIRRa s dndi fihidpur pose
channel “havin east one c aracterlstlc non- condUC|ve to conduction of
said s ampirmﬂrimutx«in tlene ity iwhgredn sadg firss mqiu@ufposmlmns@l thjae et least ppe plagradigristicom

said test sanple a sanple.fl ui [ roduc | east one
sanpl e fCPHﬁ? IY%tPé’PHS%O’F‘ i"f??aﬁﬁpqgg Hit%F elag Bthlga ng 1%§Pgnm@t§l said at

| east ongnimtididaiot WARSE:dCA daBefirst mald-pipb& dhaiekian@at mﬁloums‘onmn&aedimt

| east one isolation mediumport to flow into at:|east said first

rruI ti- pumlp@sx@omm@atmna‘n@ spidhrmrilongt st prchippowshauiticpepqss whannelsa paid at lepgast

ssay st ati,on r.oyl d Al
quaH |tz§’¥’f‘ \?%Coggtm i % g oélg%"g&sag‘lrgp e&%&h&k@g@kﬂ% EklghgalrlrctcaﬂfI odéoglc{éé(;tr él I ng
to cl ai r@fgald(gbmpﬁdhﬁﬂl zed in that said at | east one reaction is a
honbgenous assay reaction. 3) The nethod.according to claim 2,

characterized in §lhaiingal tést oGNS salsay

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 isolation-medium from said at least one isolation medium port to 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.
25

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 acid based assay, a protein/antibody assay and cell based

assay.
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30 reaction is at | east one of a nucleic acid based assay, a
protein/anti body assay and cell based assay. 54 WO 03/035909

PCT/ SQ02/W025835949 The net hod according to claim3, charaecesGdi2sn t hat
said nucleic acid based assay is at | east one of a polymerase chain
reaction or a reverse-transcriptase polynerase chain reaction. 10 5) The
nmet hod according to any one of clains 1 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 nethod according to any one of clains 1 to 5, characterized
in that there 4)s TAé&mkthot Aedording kaielgith § hehaticrpized inapalsyidigcRicaad bagd! ayer
to seal said at |east one assay station, 7) The nethod according to claim
6, char &6%%ns aldeast ane pba palyapiass ehain repefiqn GricevRIEiransPraRtpFgPAlyRTage el at
| east oq&wﬁgﬁay station at | east one conponent of said at |east one
reaction. ) 9) The nmethod according to claim7, characterized in that
there is further included a drying or lyophilization step after said

pl acing step. 9) The nethod according to claim7, characterized in that
said at | east Qne_conponent f said at |l.east one_reactjon js at |east one
of 401 abel ed plonERoReial e as iRy o FltHe G R bR B ot
claims lpphiRr $helsR@rBe b8p b2A%edstord Wthoffptniking! GoeHRP IR ERBLALMIA fost/dath Al

| east first and second assay station channels in comrunication with said
first ahdfoseiniretionimtpispidispople fiidinied! s. 55 WO 03/ 035909 PCT/ SG02/ 00252 11)
The met hod according to claim2 or any one of clains 3 to 10 when appended
to claim2, characterized in that said honbgenous assay reaction provides
for detection of a nucleic acid sequence associated with the presence of a
pat hogen. 12) 6yheTheembibdd acoaling tganyeneloficluirhs Dio finjiaracierioéd inlthatrtherdig 0 11
when appended to o claim?2, .characterized in that said at |east one of
qualt? t afrher mci‘ai?ém tiee plapplyiage Fe 1p# Wﬂ@ée&ﬁ% at lqagane 457y Stion.

fl orescence resonance energy transfer, |um nescence or colorinetric change.
13) The method according to claim2 or any one of clains 3 to 12 when
appended to ‘

7) 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 at least one reaction.

20 8) The method according to claim 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 least 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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claim?2, characterized in that there is further included the step of
irradiating contents of said at 15 | east one assay station after running
at | east woasne®eti on or at |east a portion of said at | ea@str/SGoooaszacti on.
14) The met hod according to claim7 or any one of clains 8 to 13 when
appended to claim?7, characterized in that said at | east one conponent of
said at | east one reaction is at |least 20 one of an antibody, protein and
at |least one primer. 15) The nethod according to claim7 or any one of
claims 8 to 13lhndhe mpenddserrding te chim2pr aph anaef daims 8doil A wheatappaididdo

| east ong,. .Of | t. .l east one reacti.on is.at _|east . one of a
synt het 10 aaae e Ped bl b poERER R Selef YO profisRh s Blbenal BEp prgic

l'i brary aeitthegiencasseiadewith thepadsinceld)a phiibgeRt hod according to claim 15,
characterized in that there is further included the step of introducing at
| east one of a population of wild-type cells and a popul ation of cells
expressing a reconbi nant nolecule, into said at | east one assay station. 30
56 WO 03/ 035908,\P ! : : l r di Q.any_one, of
clains 1 to 16?2%%%g’%ﬁ‘%ﬁ?ﬁ*‘ﬁ%@?é’?wg‘g %gag?ggﬁ(gl%ﬁ’vhﬁﬂéw?@teﬁ\t/% or
quanbi t atdime?, dhtracteszqal invhad edd byleqsiene bf gaalivdtivend yeneibitvg dafa iaprdvidiarnssaent
| abel . 18) The t hod according to clai 2 or anyone of clains 13 to 17
when apgg bene ‘?fg?orisc&n?ﬁ ?Sfmaf,ené?gé’r%ﬁgﬁi yBiepsenEhefcolginactiip ghangscence
resonance energy transfer is provided by protein-protein interactions
wherein a first protein conponent of said protein-protein interactions is
imobilized in said assay station and a second protein conponent of said
protein proteild) The ecteotaeterding fnelprion? oedny enefshins 3des 43 whtaepomdedier e

ot el i 8 el opdny nelsiins dssiy e
oot of n i AR AESAL A P RSP Ry e Bl iR Eonf R P s} )

The 15et st @R Agidnafet Ainking,at tdasy @Rire4dtidR @r hiledsPaboBidh & kAl Sf least one
mul ti pur pose channel characteristic conducive to conduction of said sanple
fluid cB%ﬁ?W%es at least 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 20

conprises at |ease one of an internal surface portion and/or shape
charact eri sti d4) 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

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

15) 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 a 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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20) The nethod according to claim11, characterized in that there is further
included a sealing step wherein exposed portions of the said at |east
first andweasosonul ti purpose channels are seal ed with apsalSGi2/HE25mM

anbi ent at nosphere adhesively, nmechanically, electrically, or 25
magnetically after the first and second nul ti purpose channels are filled
with a sanple fluid and/or an isolation nmedium 21) A nethod for

di agnosi ng and anal yzi ng bi ol ogi cal sanples characterized in that the

met hod conpri sE8): TBonptlwdiadtarding te eyseneatieldimy il ig 1 Gtchhratstizeshia thatsaid at
station,,_an arran nt of at. l.east, .first d second nul ti - purpose
channel deqherer R 5P mutionSh do inap e dBY shctbitig sputrabaBRR S

posi ti ofdopdseediasheit € between said first and second nul ti purpose channel s
and in fluid conmunication therewith, wherein said first nulti-purpose
channel has at | east one characteristic 57 WD 03/035909 PCT/ S&02/ 00252
conduci ve to conduction of a sanple fluid therethrough, at |east one sanple

fluid inlet i c hcati i i 4 St l.ti_-.pur pose
channel , and 21[8)| gg%%ﬁ@%hﬁg alkég)gﬁhﬁf% ?J(;ﬁgl?}ﬁeg% g%na’#y%ﬁééf ‘lglﬁm%:solr%% r}?(%}{%% & p\?\ﬂeﬁ tgai d
at leastcldimrif clansctagedrin thmisdid flpoleReic: ©BaINe Sner@Birthshk id wasided @e second

mul ti-purpose channpel havi g\% at l'east one characteristic non-conducive to
conduct iPEefeingIotesn mteragons WhpsIR firshpioiin sermeeneyt of sidmplet-piotdn iwemetionsast
one sa tided 1 B1d askdy did [ I Lan_yia. sai d at
| east gﬁgeﬁnrrr%{)%{;lg%du{rﬁp%}s eaS%: agrtl %@P;ﬁﬁ@g:gf%\%l\nd ﬁg&?%oﬁggﬁfgﬁﬁ%%@%%dft éf}g |Jr31\H§%}nd at

| east ommeiasdratsiivmodredd tro prod bssepsthtiaywhierd idintdradioh osairsluporr asfsociation of
mul ti - pur.ggse channel,; .and rynni ng at | eas ne reaction at said at |east
one. assAYISEIrg Foriof AL sompaneH §Frch N sald Tty tauRer BV U Wedh | ve
or antitative data relating to said sanple fluid. 22) The met hod
according to claim?2l, characterized in that there is further included the

t f obt ai ni t est X bj ect.. 20 : t hod di
Co i aim oo daroRy BRod BRSOl SHRLCRtran A il TR R e . or
prepar i BarineDéhagditetistie sbndiRiVelte céhduatidl 6f Jatdidachple?fiid EBRPABIshA adiCeiidhi Ng to

claim2l or 22 to 23, characterized in, that said at |east one reaction is
a honogtrenal suslegs chaagtenstig and/gr shape characteristic and said at least one second

multipurpose channel characteristic that is non-conducive to conduction 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 channels
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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25) The nethod according to any one of clainms. 21 to 24, characterized in
that said reaction is at |east one of a nucleic acid based assay, a

pr ot ei n/ awpilBosiPoassay and cell based assay. 30 26) The mersed2/6@8pr di ng
to claim?25, characterized in that said nucleic acid based assay includes
a nucleic acid anplification reaction. 58 WO 03/ 035909 PCT/ SG02/ 00252 27)
The met hod according to claim 25, characterized in that said nucleic acid
based assay is a hybridization assay having at |east one nucleic acid

derived CBB%%S@Y"J to@pndusionef heample foidiihergthrough, af laast Ppe samplafuidrinteeth i n t hat

said nu %Bxgn'nﬁm?c% 1qn gv?ﬁllt s\éue gt éei*]a% f%étonqgﬁﬁght?sgsc:hgrg&ﬁ atHQ f\{]llg%s? rgﬁ? %%Patﬁogyn%édiggl)

The met hod according )

pr ot ei nigetinkosynuaGsion with salll &lidaS filkasRiGeasRMultiRirsid e BNt least
according to claim26, characterized in that said nucleic acid

anpl i f i €8¢ fesAnd BRYE-PBPOSE chenneldguing hteagifong chunrstamstissenchaduriveiaatondnsticn
reverse- i pol ynerase chain reaction and i sot her nal
anplifi g%%?%%aﬁé%lgg@?cgn 31) The nethod according to claim 23, characterized

in that said prepaLing.step further 0 conprising the step of at |east one
of ngmgeni zi ng, la{r&é;‘%ﬁg@%n}fx‘?fl‘f’@itﬂdﬁegsgf’fq? ﬁad],‘plﬁglﬁl‘fjgﬁl(eiati ng and
filtering said t(zleb sanpl e, before injectian i,gto said sanple fluid inlet.
32) The nethod actoPasHyatisasiApe #ivay gption wa grid o leas ong mulraproseshanagl i n
that said providing step further conprises a step of applying a sealing

|l ayer to said appde¥ingsiselgtimediyy Fomzaidat lqastone ispationgnedjunpattitodlovd3)

The et @@@?ﬂgﬁgghqg?%gﬂglcﬁlﬁggsgghﬁggmteri zed in that there is further

i ncl ude he step o Ing wmthin'sard at | east one assay station at

| east one conpon . ' I t. .0 eaction before said sealing
| ayer applicati o%@%?ﬁ%@qggé Vfﬁ@%ﬁgggbf F%@Yé@gg} sﬁﬁ)maﬁi “ret hod
accos di pgvidingcdtdeast 3% oftdaliadveod qestitative Hak rélbgietoissidfsampleeiuviincl uded a

drying or lyophilization step after said placing step. 35). The net hod
according to claim 34, characterized in that there is further included an

22) The method 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 farther 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 nucleic 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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i mmobi lizing step for inmmobilizing said | east one conponent onto at | east
one of a surface of 10 said assay station, beads, gels and nenbranes. 36)
The net howp camsdndi ng to anyone of clains 33 to 35, charaecarsGazdizsn t hat
said at |east one conponent of said at |east one reaction is at |east one
of a | abel ed probe, ligand and reaction substrate. 15 37) The net hod
according to any one of clains 21 to 36, characterized in that said fluid
comunication is via at least first and second assay station channels in
conmuni cation with said first and second mnul ti purpose channels. 20 38) The
met hod according to any one of clains 21 to 37, characterized in that said
reacti on proviXesThomethet ectording tof clainn2s; lchinactafi«ll iaakHi 416 auesieeidbRed Wi t h
t he presence ofl a...pat hogen. 39) The net hocg according to claim 38,

char act 8VP¥ &34 PFPTidigttion 285y haying gelsast ongnucleic aeididspived prebyani sm  40) The
met hod according to claim 38, characterized in that said pathogen is a
virus, bacterium fungus or protozoan. 30 41) The nethod according to any
one of clains 21 to 40, characterized in that said at |east one of

qual i tative o28huldistinethed eecodtingitoi cdaipr B4 chiwdctbyzedtin et stid ondeiofacid-deragdence
resqpan 0 . 909 PCT/ SG02/ 00252 energy transfer, fluorescence
quegghi ﬁlgo,be% ﬁ%&%‘g%@c uoﬁ%slcg?%%[ti on, biolum nescence resonance energy
transfer or beta-gal conplenentation assay. 42) The nethod according to any
one of claims 21 to 41, characterized in that there is further included
the step of irra&iﬁi nﬁ%cfontents of said at |east one assay station after
running at 1687 m pceqrdingly chpimadS, plasagterizeg dn thabspidprotea/antihodyeast
one reaggsg}pg.an@m)ghgasgg%@?. according to claim33 or any one of clains 34
to 42 when appended to claim 34, characterized 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

small 15 nol egyl 4). The net had accoydi,ng to.claim33.or any ane of
cl a!lgms 34 to 3@ \?hhg%ngé}b%({;%cﬁgﬁl ggto C%I"Ei%?? %}i%gacé‘?%egé‘f@af %éﬁ“‘f"??’%/ﬁﬁa at | east
one conpnliidation reation ftat [@8iSine @8 poBATdse Rhhis rédctiof ASlev@Siranscriptase

polymerase chain reaction and isothermal amplification reaction.

31) The method according to claim 23, characterized 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 21 to 31, characterized in that said

providing step further comprises a step of applying a sealingllayer 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.

30
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of .a synthetic nolecule froma conbinatorial library of nolecules, a
peptide library, a nucleic 20 acid library and an aptamer |ibrary. 45) The
met hod acworodiosgoe 0 any one of clains 21 to 44, charact eripragGogoiiat sai d
reaction provides for screening, of potential drug candidates. 25 46) The
met hod according to any one of clains 33 to 45, characterized in that there
is further included the step of introducing at | east one of a popul ation
of wild-type cells and a population of cells expressing a reconbi nant

nol ecul e i nt 034ailte atethabatomding taskan 331 charasterizad jn thaighereinbathseBsugeds t o
claim4l, characterized iné%hat. id fuuorescence 30 resonance ener gy

t r ansf ef1ying iYRRNHERatRY stgp %ﬁ%@%‘f‘%ﬁeﬁlnteracti ons wherein a first
protein conponent of said.protein-protein interactions is immobilized in
said assay station and a second protein conponent of said protein-protein
interaction is introduced into said assay station, where 61 WO 03/035909
PCT/ SG02/ 002535)s dihe niethast zcoiding to chaimS 4uphsrpciasizsd inthpigherss Bithgr ipcluded sy

second of saj.d protein co nent s c t ' r f t ake
P e e e i
chaggact grd &8y itBiéhdeadsizéls ald meibmks.i pur pose channel characteristic
conduci ve to conduction of said sanple fluid conprises 10 at |east one of

internal surface characteristic and/or shape characteristic and said at

| east one second nul ti purpose channel characteristic that is non-conducive
to conducti on i QﬁR] £ )i 115; tiol38a8RrLReized irtthal Hi@rNal
surface porti8§{1%%P%?§s'a5§ﬂg$g?§g g??g{?if?%jifgnghe met hod according to
any oneleadt oat abmpoiht bHsddat ledshomcteactiands ai laast lea¢ of labeled probesligandandr

i ncluded a, sealing step wherein exposed portions of the said at |east first
and secBATOTUPIFPEr pose channels are sealed with a solid from anbi ent

at nosphere adhesively, nechanically, electrically, or magnetically after
thelfirst and second mnulti purpose channels are filled with a sanple fluid

and/or an isolation nmedium 20 50) The thod accqrdi.n 0. a ne o
claims 21 to 39) Theamakedaqeouhpg tq apy gpe gﬁ%‘?‘é‘“ﬁ togér ‘f}ﬁgq’cgqnﬁﬁéﬁ tso?l‘glvashi ng
step i ngoLder L 2iadh iava%: RhstlEaShd 0@nHALES Ista8n CRAMEL 9N cRARATREHR withl)
The matﬂog sccord ng to any one of clains 21°to 50, characterized in that
sai d r egfd firsn apd secodé sndiqpurpdre chimelst i on of a variation in nucleic acid
sequence associated with at | east 25 one of virulence, disease, phenotype,
interindividual or interspecific differences. 52) The method according to.
claim51, characterized in that said variation in nucleic

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 claim 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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aci d sequence includes at |east one of single nucleotide polynorphism
tandem repeats and insertions and/or deletions. 30 62
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energy transfer, fluorescence quenching, fluorescence polarization, bioluminescence resonance

energy transfer or beta-gal complementation assay.

42) The method according to any one of claims 21 to 41, characterized in that there is
further included the step of irradiating contents of said at least one assay station after running at

least one reaction or at least a portion of said at least one reaction.

43) The method according to claim 33 or any one of claims 34 to 42 when appended to
claim 34, characterized in that said at least one 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

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 combinatorial library of molecules, a peptide library, a nucleic

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.

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
resonance energy transfer is provided by protein-protein interactions wherein a first protein
component of said protein-protein interactions is immobilized in said assay station and a second

protein component of said protein-protein interaction is introduced into 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 multipurpose channel characteristic conducive 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 least first and second
multipurpose channels are sealed with a solid from ambient atmosphere adhesively,
mechani‘cally, electrically, or magnetically after the first and second multipurpose channels 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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