WD 03/ 035909 PCT/ SG02/ 00252 A METHOD FOR DETECTI NG DI SEASE [ 0001] FI ELD 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/ SG02/ 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 ag¥ émw@ﬁeﬁ%ﬁ@ﬂém eaw,rﬁr%}racﬁgqiﬁmbgﬁ@%%gq Bt essi ng
that can,}BelegBes of dabhey analoyssse %u%a§9§§9}’§tﬁ§&sa§}s‘§mar ed

A Lat WPl
to conventtona net%og% whi ch %??enlcreqU|re Hg%or i ntensi ve sanple
pr epar atstatinss amditedtet ior opdsdnermedisegrtvatending. an@aeqoad multi ejuepase abamhelspet hods

i hi.ps .t ypi cal | i 1 ff-chi | i sal ati an,
"t ogr atUlei EiRaY R OF i e ACrHed bipk: Gt BEe e it SReR AL ki ng
current , 'y@%ﬁeﬁé[i%ga}%eg ilixflfhfé%&@ of'Bit BRsls Ofnels hitehowid MY R MrayPeNsii¥earand

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 assayquendhienteseiddaml©prepafdtiexoaidl dsctibphiorded e&phidtienandutiéagneisicngid he

presence of absence of diseases in a subject and/or _for detecting anplified
nucl ei c meshaflspsivgships topicalbrregnise eriepIge ﬁgtqhtp wade RNthisobtion, miseraigshaidous
conpris L at | j i.ch are
dos, gnodeaas M HER EmPl-HyB 0Bl BFPER Eh ARG ot SRR S 2 B

f 1 ows of nsdliplsef ibitg daras detysapeddivandasinudispofdtde. appar at us can al so i ncl ude
an integral sanple preparation portion and the invention provides an 25

| mpr oveqo19$ M & afl@bRet ¢0RisSHneith t¢ Pfldle difpRsiblenirbctipy pathiiting hell@tlesof 0 a
m crochi p apparatus on which nunerous types of = assays can be perforned.
Use of Bffaysefians i9s sayying epeyasiqus bpshemicalasseisdn res&tiEwy qualitative or
quantitative analysis of a substance that is exam ned by trial or
experinﬂMﬂJ]ﬁﬁ@ﬂhéﬂﬁﬁ(Néﬁﬂﬁﬂﬁﬁgﬂﬁfﬂﬁﬂ i ndi cate the absence of a particul ar
substance, such as, but not limted to, a protein, antibody, 30 nucleic

aci d fr fyHBh{Thapresetdtlinesntianys dinetitehbiocrmisrocir dpparatyspindaissay systeing neafuli, fort he

t_f t. i cul : ._The Jnstant nj hi ps,. al |y . ' t
eadl oREURRIEP SRas i R oA T AR P 5ess O st sl o e SRR EdrBe B T s
first agees@aOntplaiarcti@idi® produaRnefor phatfaddpenstid ddtcanthatiohl. [TieRppRAESR

channel s in communication with the assay station through which sanple
sol ut i ogomprises 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.



and/ or isolation nmediumcan be introduced and conducted through the

m crochi p. 3 WD 03/035909 PCT/ SG02/ 00252 [0014] An enbodi nent of the
present iwoeans®mis directed to an apparatus for detecti rgTaGod®sase
conprising a substrate, the substrate having enbedded in the substrate: a
sanpl e preparation chanber which may be configured for filtering white
bl ood cells; a sanple introduction inlet fluidically coupled to said

sanpl e preparation chanmber; a buffer introduction inlet fluidically
coupl ed [0014] Hen erabmslimaensrad pag prese insteatioeis:ditscted SUAHPRATHGT APleFdiehanber

a 10 stqrage chanber fo | 1 chanber
1 uidi cgfsle RO T su!;ﬁt%e{t b@&bs rg\é’}&g{fﬁ{ggﬁbggdjd ﬁ't}%bsuﬁogt?até déjsraﬂrg)?sarrpl o
pr epar aﬁat@f;araﬁlbﬁ RBahbdrviich eal by (ﬁﬁﬁ@dllﬁdi fdrdilteting whitobqudaretis; angnfplai d
chanber present invention can further conprjse an |sohj on device

for i solinfradvgtiemialqsSurdiealiyrguplegip é‘#ldéamplﬁlpéepﬁf%lﬁf‘t"h%méﬁnﬁl rléH 9fugtio8n
chanber .t.0 gﬁr‘% i

distri bul%lf:toftfllulgﬁglrll?p&?up?‘{dﬁégg IIylle P}‘%ﬂqﬁ toalglﬁgr ff&'g 01‘%\I vv- p&rtfgrgmlﬁl}[ﬁ:icgégl%b&r da
chanber stoadgel cﬂiaﬁlbeﬂbﬁstaﬁagﬂosx pttorrmmngtﬂmai ftherSMagmd:halm’qw fipokallyvanpled to the
fluidically coupled to the ass% stati.on; ol g\t}é n.devic dfoa

i sol at i AgvapeEngiluid ehymbemgudghe %lanFH’lEP’Efpf‘ Pﬁlf (8?% %OP}%% £9 thed
chanber g,Q, #)&ﬁl&)"f’lﬁg ??(11@&%%&?/ @hé‘?l%lséﬂdn\?&tl% Wﬁﬁh&tdoﬂﬂﬁlse aft ‘1@'0112{11%)&1 debree

may be prov east one buf introduction inlet, the buffer
i nt r odudor isvlatimg @&td petmitiidg Sai of acibuig Ifeoth the S@MElefmemat}mICﬂlﬁlnb@ll’rtpdhfeﬂ@‘ﬁannel ;

second nul ti ann secon r hann

o d oeyoubibhdaiugbene it o) i el arro R ronR R AR R R P st e
ventng foW- H&Iﬁdﬁ%fg iR B Eharh Bkt Geblst FneCaRbuy seﬁlohomermsts@@mrpﬂ;mb bharmar pose
channel . The sa reparatlon chanber, the storage chanber, the

f 1 ow pr d}muilcaiky Q‘Ollpﬂied t@ﬁ&rﬂﬁ@’y statipa; algc};gylsgltag@m device fgh @o{w@géﬁgﬁﬁ@pgmgw be
nbedded .wit h
embedded Wi, clzﬁor[nggelé?xg %ogﬁg{xg%&&{anl%%r tolhe S8} LBBLOOIRARY BRLEPMIR.

envir onr9£ ér aspect of t nvent
f1 ow pr guEthérngerklndytbectranided at leagt oas $>0ﬁ'elam‘edduottiba mlet], the taufiigr iﬂm@dsa;t'umaigl@t

chanmber are omtted anﬂ@té}r ctlons erformed jin %hose ch e %25 are
i nst ead Tyédisallyrrogpled to étrfBP 1 B g’?‘?‘ﬁ SEFRIGFRY! 1"?[‘66‘156]" of erse?(j%q'lg
app 6 at Y516¢ 3;%51%% %@Nﬁﬁkdicgnﬁ %6ﬁ}sie<9tbtth& Q@aﬁ%’ﬂ&d 28 ah PR EISE Rlay provi@at i on

et ectin resence or absence of di sease state. An exeg:gl ary rret hod
|s di r ecerting, 36thttbe méettéhndln@U)accmpé@etnél@ weontbouliceurpeserbaneadadbe saple, in a

test sanple fro ubj,ect suc f exa r ut
ot 11 PRSP et B e i oO P T g SRy P ES R Sy R,
and the channels, may be embedded within the substrate and can be, if desirable, sealed from the

environment.

25 [0015] In another aspect of the invention, the flow-promoting fluid chamber, and associated
channels, and the storage 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



The nethod conprises the steps of. (a) with the isolating device in the
isolating position, depositing a specific DNA fragnent in the assay
station awo odgiong t he assay station; (b) applying a sealPcCagdoay@s2to the
assay station; (c) injecting into the sanple introduction inlet a 35

bi ol ogi cal bl ood sanple; (d) injecting a washing buffer into the buffer
introduction inlet to form4 WO 03/035909 PCT/ SG02/ 00252 5 a m xture of

t he sanpl e of blood and the washing buffer in the sanple prepar aiji og
chanber ; 8 paytureof ks segnnle af blopd end Blemamgtb@ﬂg? fRdRle Brpgertion chambety £9ei n
| eavin Ls i i.n: ; . C(F.
oeer SR04l A E S L Uy SO TGRSR SIATIS ol g
whi t e bl eagleplepsratontimbaag(fPfecting g bgsideshuiffer inte eheitiiffen introdubidor inddtng lyse
buffer; injectin a gas | t he sanpl e preparati on, chanber, thereb
pﬂs hi ng t&l%)évh:l%fw&' silf romthinips \?{%fmg@%‘tggmﬁ.sg‘%&l Hgﬁl? ﬁ’wtgh%ﬁ%ﬁb@k Injeghin
di f f usi : ] ' I [ : .
gegn%et%ilfrm‘;ﬂgqg% 5&?15{)1% %gérﬂ)agfﬁmgﬂ)%ﬁb&?{he&tb? tp%%n@% 8he biQ ihfd&he flow-

fl ow pr ; causi ng e 1solation device to permt
f1 owoof prhmotiysiingl dhafber; (hi diffuaingiarchedidal fromghe plemicaltstorageechfiinbst intwithei

h | t h fati ; I t ect.i wh th i
o PEb T cleprameti 1S ReTBY PO Puisiiie P Eoh AEVERR vt St Be Ryeing birer"
ampl i fyi Qgtdihig Dwmfffa%ﬁiéﬁ&tiﬁﬁotﬁ@ﬁrs& ilr)ultd%:@%d. Menhdl 8o ﬁmsgégi ioBNQ) detecting
fragnents. 15 [0017] BRI EF DESCRI PTI ON THE DRAW NGS [ 0018] FI lis a

pl an vi ewhasfthe hesay pigtion sufifledwith thedsisiag bniferanoptaining the IINAgEagatent, (k)
g At el FE e BB B6G LN G b BREIIA S inehlle pr esent

i nventi ofit s a sl Vi ew exenmpl-ary=cnh of FIG 1,

L9020 i SR BN U R e f ot her el
oo bl 10t By b hSZ L e e B

m cr of | Eqsflbcchginpack&daﬁ@mﬁﬂfeetey@hir{gsfobﬁle Br8RANNNGRiAE the invention;
[ 0023] G 5Bis a plan view of an alternative exenplary mcrofluidic

chip; 2 l; 5C J: AR v f;.an exenplary mcrofluidic
chip inslaoggﬁr%‘ﬁg}hgel%f@%\}tlﬁg%ﬁgaeé I hg %}}lﬂ?ﬁg%rlésent i nvention, having

anot hor IR JEAR s RSk AR PR UL OEE Bl hoofh SRR e oR b eSS

and dosol dhiip draceddhtu® Witk af alehate kalbb@inddns of ihe picsent invention;
| [0021] FIG. 4 is a side view of the exemplary chip of FIG. 3;

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

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

25  [0024] FIG. 5C is still another view of an exemplary microfluidic chip 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;



30 [0026] FIG 5E depicts the chip of FIG 5D having isolation nedium
therein disposed, sealing sanple fluid in a plurality of assay stations
and an abworibesivohavi ng excess sanple fluid renoved; WO @PE8TGEHI0RS2

PCT/ SG02/ 00252 5 [0027] FIGS. 6A-E show anot her exenpl ary enbodi ment of a
mcrofluidic chip made in accordance with the teachings of the present

i nvention providing another sealing arrangenent; [0028] FIG 6F shows

anot her I i,ng arrangenent in accordance wth another aspect of
t he i%vei‘ﬁ%ﬁ,ﬁif}éo‘%ﬁ e m@t@fgé‘fm@%{ﬂ ¢ %‘F%@%@@F&#ﬂ{l 6£1’d9f1¥1 e chip
made in agsRAHREGAtHME tdhchigs of@e bRAEK iRGSHBH }mcuhg\c{ﬁ&flér%@anrggoeﬁaﬁeﬁi efefd>-
7A-1-7A-4 show an exenpl ary sequence of filli gg a prurality o ass%/

st ati ons yytsh F1G 26 o' -1-7B-4 show,t hspl acenment
of sampl & Fi EuF d by glﬁo“uf’éso Ogﬁr %%Qﬁégﬁy?r%@rﬁjz‘g%“égﬁz‘f@%tgm%gm\g%aenugi‘@eh Bpotticr Wpect
pl-ural it gf e imeméipnst at i ons; 15 [0032] FIGS. 7C 1-7C- 4 show the sealing of
another side of a plurality of assay stations by an isolation nmedium

[ 0033] F[08397 BIG- @ Gsdpi&s andhdiekeay aryflGaRUencRa®d infdcbbdRsteanditg gl | N9
a plurality of assay stations; [0034] FIG 8 shows an exenplary anal yzer
syst éin ateebingngf the yeatipeachi ngs of the instant 20 invention; [0035] FIG
9 shows an alternative anal yzer systemthat maybe utilized in accordance
wi t h t hel0BBAEFERS. TAnteidothow[BE36pRIGsequencteyfifilisg apltrdigy ofassapkatiyns with
arrange a%lé%&,rmy be utilized in accordance with the present invention;
25 [003%3 dIA depicts an exenplary sanple fluid preparatory area;
[0038] F i | an, vi.ew of sanple fluyid preparatory area of

FI G 11At0ﬁf‘6%f§5f85~%?'J§Q&B%W2¥%51§PVY?WW alraople Hui byandsqlatien madivayand
exenpl ar yafih®vh BHE FRIE I0RE phlrk kGBS stakiBR40] FI G 13 shows exenplary fluid
vent channels of an exenplary assay station configuration; 30 [0041] FIG

14 spows[gaB2 KR! RY-Y- €Y &ho B se RN HerRbRY sREds Q%ﬁﬁ)glﬂ-& g a§sgy Htions by an

enbodi nent ;
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;

[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



[0042] FIG 15 shows anot her exenplary enbodi nent of assay station; 6 WO
03/ 035909 PCT/ S22/ 00252 [0043] FIG 16 depicts still another exenplary
enbodi mrerwoB/0a®say stations in accordance with the teachkicagsoahozshe
invention; [0044] FIG 17 is a side cross-sectional view of an exenplary
configuration of channels in accordance with the teachings of the

i nvention; [0045] FIG 18 is another exenplary enbodi nent of channels for

mul tiple ti.n cordin h . te 'n

P! SoRATEGE, BESeAP e B Rt SRR Bl b kB S,
rel ates tﬁ@te\%ﬂlﬁ%oggtﬁgﬂﬁ,eﬁ@gﬂgrl sing a substrate having at | east one assay
station in ich the at |east one assay station has at least a first assay

stat | on gipinals 399 § Bae BRLLEbAL EODOFLTBRLS I LoRARadn bEARINdS ECONd

assay station channe ut i |ze herein 5 termassay station
descri bescdriencarweish die todthitlgs af fheritventioay assay takes place. In particul ar
enbodi nents, an assay station conprises an area bounded by isol ation

medi um BMS]GPS[@”H?BQS anoliite egé@hplafy drebodimentsfohnthesorynuitipd¢ somple bastingl s each
separately are in communication with said at |east one assay station. An

ar r apgemeenrdore tathe adingsiofdee Wen&®eond nul ti - pur pose channel s are
provided which are in fluid communi cation wth said assay station. The

first mj0e46)pREGSTERORHEININONHAF fiHEINYENJONt ati on channel have

internal surface characteristics conducive to conduction of a sanple
sol ut i onoe4grBidyreseghinvEaionerekutgsl te gniappaa\tuaqmemmng b sustretgrhsivingias leagt ongi ded

, the channel s. ng e eithe ydr o e d.so

ydir ophieFieE Sition pants e 4t cemmigraaneciof het et BT RsRY oSk dfichong
(geonet r,g;i Gha At RAhalts mhy RhAYitdest a Bédohll @Hag ktat o dhkginele Af uﬂﬂiﬂ&d(h@fuﬂmmhwe
characteristics to partlcurar channel s, partlcularl when 25 channel s

havilsg deériif essenstatien elcscvxéesgég areeral whithes paEtier ?r@i;a&stalﬁ?séﬂ%cﬁ dpAMHAMEEL i on.
0048] At .| east d t
onst. + ertiocin oD Gl apo o BY AR for bR, |

| east fi SIYant east” one tion-
isin Cm@i(pﬂltst i Wcbid ddesy attibredsinnéls eath sepatatcheao mdcmuﬂrmm}cpmwmmtb said

channel s. The at | east_ one second nultj-pur hann S _at | east
i nt er nalat kgst enecaspy; At n%fh%%ﬁ'@m/%% a(tge [ﬂf’ﬁl SBﬁO@me %ﬁ’?ﬁ?‘ lare
sol uti O rovidbd Wﬁ?&ﬁlr@ in fifid cé&rﬁﬁﬁca%%ﬁ%ﬁl Jakd%sga s‘-iatﬁﬂlu eHéSrstt rﬂﬁl’u Jars
mul ti pu ose channel i nner surtace woul hy hobi ¢ or woul d be treated
so as t ahhendipdd dipdiaksay station channel have 1nterna1 surface characteristics conducive to
conduction of a sample solution therethrough. For example, if an aqueous fluid sample is
provided , the channels may be either hydrophilic or are treated so as to be hydrophilic. In
particular embodiments, the shape of particular channels (geometric characteristic) provides

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

25  channels having different relative geometric characteristics are in communication.

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

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

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

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

hydrophobic or would be treated so as to be hydrophobic.



7 WD 03/ 035909 PCT/ SG02/ 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

t heret o,vi LISt f .o ] i say
stat i ontEnashRr ety B diahhd anfl e dechi AQREAERANMENR Hhokl fol bothyc R

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 Aﬁﬁéh’fgrgfar@éﬁcq;@ BRE-BHPosgcaannels
primers blmhi i itPoBP AR Safidridivih B iRl 2680 ddRd by stati

comuni gg?ﬁ%ﬁ%ﬁlﬁﬁ%ﬁggﬁg{%&?ﬁﬁtﬁogrepa?tgtﬁﬂérﬁdaérhggﬁar?g ethe Suggtsraalf)g can
i ncl udeclannkBasspatioelyf olsagbpiptaditpobpaaystittonsc Aaabbralithiof ksspaytabensry not
30 have a |i for controllj at | east

.. At l.east ope -el enen L fluid flow i
onesr SaREHaRHRE Sarbe TreBnperarel e eHE s sh el &Skt are.
8 WO 034@38208ith the sample fluid solution conducted thereto via the at least first multi-purpose
channels and the first assay station channels. Additionally, the plurality of assay stations can be
arranged to provide at least one of simultaneous or sequential filling of the first and second

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

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



PCT/ S&02/ 00252 [0055] The flow of sanple fluid in the channels on the
substrate can be facilitated by the introduction of a flowpronoting fluid
in to theweanpBmod| uid via a chanber for introduction of PCr®GpP@IDtI Ng
fluid. [0056] The chanber can be in comunication with a chanber for m xing
said flowpronoting fluid with the sanple solution. 10 [0057] The present

i nvention further conprise a nethod for conducting reactions on the

substrates of this invention. [0058] An exenplary nethod. i.ncl udes

i nt r odut08§] The Ao &f sempledluig imthel chanrelppnthe sHpLEt %Pgﬁgamﬁﬁaﬁ%]qwgth? he at
| east on ssay st ation : : - atd BV

| ast ofrodenh S EPpSTa AR it T AP el AHAMALHAARRNE 1Ml Al ien B
| east Oﬂ@leﬁ@hﬁ,&jhgmuﬁmdi uminlet to 15 flowinto at |east the first

mul ti-purpose channel; and running at |east one reaction at said at |east

one assasei athk @Ramibdteah 886t EQAmubichiién WREaXhahbdrifonmptiny k4ie sloat-plogasingone
of qualitative or .quantitative data, for exanple, a colornetric result.

The at flewkwitbtie ssinpleisdlitian i ve or quantitative data can be obtai ned
utilizing fluorecence which can be provided by at |east one of

i Nt es cafEs7P The piesant ihventiph dughapcomiprise @owhtodyfor etpdhetingreestions Washe
fluorescence is l(%yed, the assay stations 20 in the substrate can be
i rradi céﬁ@&aﬁpﬁ%ﬁwlq 834 one excitation frequency. The probe can be

bi nd ng SR emIar FReskadingiod R oo SBrg Auscio4f TRE SBmeIeqiet
qual |t ke, G ONANE ALk Sflgh dnd B @l hionsAmBle Tl ¢ e

assayed. ualTtatrve or quantitative may be exenplarily, provided
by fl or esdi@puepase sharmak; ellewmpgyolsticmekdum fromithesidedst enwisolabporicm jrdet to

change, for. exanpl e, 0059] If desired, ,the.re ion cl.ed

subs? r aflewcgip %ﬁ%&ﬂﬁ%@ﬁ%ﬁ%' OSFe?ﬁfJ‘ér}e;%dém%%%ﬁ%afs?O?%I%gggoglﬁ%l%g@ WidSE

t her mocygl Lady caRdh! TRORactdiinttBS hssanERlien pANIdRE afleat ode of fwnlitdiive cappar at us
by initially Subjecting the test sanple to at |east one preparative

oper at i quantifaiéve datagar Qemple, 8seloanpBie et behes Ieehone P SBPHRRYIANRPEIHIYS; d
substrat,e_or c¢an, be : gqﬂ lous Hedlrh QB WRLER 1S
upon or A Rp fc?etoﬁganée@gé{h?g e. og%ceﬁ%eoghﬁ%ﬂ% egg?rolmeogg 'i% t"Ygdn e preparat ve 1
oper at i @na CRFoptibes oefwredeatly frbeldddeotu cWabe flackesteneris cepleyistiethe isray gtgions
the reactions to be condugted . in_t hg assa% st att i ofrgs on t h]fi1 subgt rat.e.
[0083] MtherstbyER'P Fan b inadigated syith adeasion e&‘g?ftf‘ S EBEBRe nt ™ dER B % posed
or plac ?a?fele'at& Mé‘as?&ne ARt roPiSe AR5y Dk 3t tORPonchNEf 4 Bl @OEPIERY THeOVi de
for the detection of a vartation in nucleic 9 o 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



WO 03/ 035909 PCT/ S&2/ 00252 acid sequence that is associated with

virul ence, disease, a particular phenotype or interindividual or

i nt er specwbios/oszane ati ons or differences. Such variations PaTrsGob/eés2aci d
sequences include single nucleotide polynorphisnms (SNPs), tandem repeats
and insertions and/or deletions. [0062] The at |east one reaction which can
be conducted includes a nucleic acid anplification step, and.the assay
reaction conponent mght in that case include a primer, or

[0063] Wid srmema thet isageocigiebyvith g ufng s dieass 6Pa1§’€‘é]|af REFHOHYR e§6|1%tﬂ16ﬁ1i"6¥la{ he
assays stat

channel & gﬁ/er %emgél?jar?d ltlgﬁg(r?rre ﬁg%hc%heﬁﬁggo aatédlnglrl{glrlr% ?lﬁﬁqagﬁ‘!“ﬁé“%h ?@ gced
sequent isialglyniciodide pelyatorpiéans (NP} taaden sgeats dndriseitiopsapbisedelettannel s or

i solation nmediumcan be first introduced into the at |east first

mul ti purgER$ 18R NALt onkbdcaVR hHRh Ml eQduehdteintntes 4 Recléit atidasiplSRaned

mul ti purposé channel. The isolation-nediumis 15 typically a material which
i s of anteppuukthe essasteaciomeorsponsat BUghtan fHiaé casa isladera RITMET QTHAINSTS.
substantially immscible with the sanple fluid. [0064] The i ntroduction of

i sohat i @rﬂﬁmdihannq:th@d/oﬂhs intviestigupmyivitgs 6dr sapling arasnlatitndbidhe dssaws statinms did

mul tip e chan

east 1 AR Horra oL e er o raSenE cha e e oAt s & oy

| east On@ARNEYedliR! dafbe GRRIRICH Mu@ﬁﬂléilyaﬁtostﬁé@t' 1east Hiedt ahd Sdtondl MullipueRse
where the isolation nediumis solidifiable, the instant nmethod i ncludes a

step of chanmeketisaiatioronedivinican fogifing, ineducag inimthersd Iapaiciitsymulingrnoge Feamst i on

medi um 06 rticul ar, but t r

Movent] SRy BeBRitel e i 1e? oo Tl B FB AR 1L eblMoR AR i

m cnof | yhAtglydembteeial @hidh mmclﬁopeéltmtmg as ofpsley tcs sample ﬂuié,vthmtes, and
nmet hods of the present invention facjlitate analysis of nucleic acids, e.g.
DNA, t oSustaisily ipmiesilde pithihe sample dbed the ri sk of diseases in biol ogical
sanpl es. The devices of the present invention can al so be used for

det ect i RPGipihefinisedustion ef léolaap@m@dm Broyides thegugging oA pidiosy eHe ff least

det erm natl S i he term
"det ect *C 01 Olg?‘g%to %o%hag%?lgﬁgﬁ% e‘ﬁ} i %?n%}gr?s t)l@q}&u %ﬁ%ﬁ%ﬂio{tqléaﬁgﬁésgt e that
a subj emultlmﬁ)o&adlqahﬂel,cnamﬂanglm the 1sollaeamtofeand adleeﬁmeamctaltlanedntammﬂgsamd

acid. By "device" i ant a Chl whi.ch inc orates nment s necessary
to £f an§§8P}te iprleticn clng]g‘? trse dhg g?fsé?l]arﬂoﬂdﬁ‘? s l%ﬁﬂthglfé?%% %ﬁ P8P gRet E ch as
pol yner 338,413l Jed 588 1 bne RER 1idifIRg, deMhE 8nd polyRkLi£iAB @blhﬁsdlmrrﬁ@dlaﬁle
el ements necessary for on-chip isolation of nucleic acids, such as a

m cro-f g qe%ﬁ A gal‘a%&ai Qut%eﬁnmg DAL CS! the %Jegéﬁm@«emhmranlel:ee% safpLe.
for exanplé: accor dance wit e present vention mol ecul es can
be rapi gtepasmmhyizedratadodisposablet msanfiiidic ®vg:es andinethods ctisis@syshealevices. ohlee

enbodi magxtzlces? a?ncd 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



10 WO 03/ 035909 PCT/ S&X02/ 00252 applied to the device, the test sanple is
assayed to determ ne the presence or absence of a disease or assess the

ri sk for wewslaping a di sease. A "test sanple" enpl oyed bycuissopp@sent
invention includes animal tissue and bl ood. The test sanple is preferably
whol e blood. In one enbodinent, a tissue honogenate or bl ood sanple froma
subject is tested in the assay systemof the invention. V\here a tissue

sanple is to be assaye t he eV| ce and nethods_of the p ent
i nvent i @HPL?CIHB? the glevige, %éﬁ fi:’ér?x?%?%‘ii mqt?ryﬂ%%@é%f%&r ?"@’@Ef’gﬁ disere

filtered,to. ke \gfsk%gll aﬁd,el %ﬁ@’ d Sis@hd gbtt?gogm@fé érﬁpl% §cPE %He%eéé‘ﬁ’c e be

applied to the evi ce of e 1 nvention For e the presence of
i nfecti omsluémdmgehtsss(warrdjlslesd Dlac test sampld mrpgefmabkyotf]mﬂoh}msd Imbue obi al

organi sns or_.the |i or cancerous tunors .can b tected. b rovi din
O O > ERURdmENiof AL BOMOSBIES o CIppd SBHE SO RoTABLIdaver in s By sy aBaR
mol ecul &, SURRNASH TWHElUPHERE Sirfiple Eﬂ@, Beeataysamphie de%elaad m%aﬁto%é hegigh

the device to the priner where a fluorescent signal wll be produced if
t he wes Unwrlnphethccmslm sagiplchie caivemtionaltahmenoggnized, uhgestericﬂnd dikierry tPORNOYOBIL

der i ved PO OBAEER A oG P R tomnbes BuBe BRnt SEGURRR e or

ti ssue hiopsy. Were the 20 bio test sa le is derived from
non hurmdht éﬁiﬁp&e&n@{?@ﬁﬂe&geaep%%fo Bl lowt it AL PR el g g gzoans
gener al 'dm%ﬁld?g&hﬁné 60 lik¥EstcafderBiOaaDsd fd telierted bPoreNdingd WRRD t he

particular enbo nt bei ng ‘practiced, the test conpounds are provided,
e. g. i njspetifid priorer optPDAad fyagneng pr&lalstﬂdumﬂmﬂumnsqmt momnk@nph @@t ed by the

D, Aot Bk 5 S S R B R0 SEPEL s pobl SERRSE v o
a 25 humr&@eﬁtg Vﬁ]r{a@Q/ﬁﬁﬁe podasdsd 1ﬂﬂlett@sttsﬂﬁﬁw®ﬁﬁﬁis ﬂxm’@ébtsewusmg]ﬁr@ew ce is
a lab-on-a-chip can have vari ous annel dinensions (i. | engt hs,

wi dt hs, PReymed CRi 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 et a0 Rae o RS Bl VAol EPE PR AR WO O Y

aboub 5 tidlogiealkestlSAMEIS ik deti R0l din awoe- hmdatnfhn&ﬁﬂs &b&uﬁs lnﬁsnjﬁk IToodhaikissi®mm
in height. The device can cqntain gone or nore l'e introduction inl ets,
one or SABPLESEHaggRsFaly obtringhle #BF’ehYeﬁEOéké’Hﬁﬁ%‘% anth Jepepding aipon thegprticular

aCCOmm%ﬁ{b%dfrhéﬂtqpefdgoﬁﬂv%t%ahhe test compounds are provided, e.g. injected, or optionally free in

solution. Animals contemplated by the present invention include, for example, humans, reptiles,

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

25  human being.

[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



surface of entire channels or a part of channels being selectively either
i nherently hydrophobic or 11 WO 03/035909 PCT/ S&02/ 00252 5 hydrophilic or
can be trwatos@3sms h hydr ophobi ¢ or hydrophilic naterial s, pamtGoneo2sz nore
assay stations for nucleic acid (e.g., DNA and RNA) anplification. The
device also preferably contains at |east one nucleic acid-adsorbant
surface, such as a silica-derivitized surface. The device may

bl oo ceryErpif s B o8 bea B S TR Rib e SR B tioRTE marislsBah oos oot ssay
present ispN@AE F@MuBleR fal {e'gerN%t arﬂrRNﬂ?a ﬁHﬁ&a%oﬂoTﬁeoc!cljév?é@ 4% rgagotfj g&ﬂa%f

a bi ol ogi cal test sanple for substantially i mmed ate detectl
" subst antaf kaptone mireldiceacid-adsorhmstisirfacesuth 8s @ sitichdervhitizddrsndfaie) Elbmwvufe may

m nut es 5 | n_anot iment,. th r sent invention

al so conten %flé\%fgg rﬁa}%‘ﬁl 4 lagsty o%%%%ﬁﬁﬂ%’% mﬁng;@é g fropmatesest
sanpl e, |s£1mpreomem:| Rbodsm e Sthe @ebtidddsd f kiRl BEschi 1'ﬁeentfc))'hear95é}ﬁ§? Shith ?devm
general ly enpl oyed when the test sanple’is obtained fromflow ce SOrti ng

devi d&s é&9llevang Pi‘ﬁfﬁ@&ploéﬁ bidogieslitess sampla dott substhitiedly iSamglize petegimatidn. By

& oning. A Laparsy SRt A S bRUNY el IRARE Bl Bies GrEmout vk 1

fromQ a@eamoth&hﬂEmmﬁitCthe pydaéetinydnitioh 2Ro COhtRPRATRAR weipeod@wﬁ’g w%hlp
[ 0069] For sing, hon-nucleic acid nolecules that may inhib

s
subseque Apd % FP?@Q“P% fample, presesapgisgesiredi #a lateiidmes Beamprogesaingds gera’rally |
product s cRbRyE& WRLE the t@gt%alﬁli)f%qg SBtalRd! fﬁ)n‘?ﬁo&lc&@ %81&183 naliYs peLt fé)lfu ohn a

devi ce whi ch’can be nodul ar”and separate rom VI'CE O Q8ent
i nvehi i oAevilésearst e pikoc §mphgarcmnia1icm ototanidrdd¥d dr RNA cen Bé fdhnaﬂﬂﬁ%brook

fluidical] h t he ice of the present invention is a stand al one
modul e. él s“?fa%a&aﬁ {_?f?é“% %DOF%FOIY ﬁ%‘@épzév editjomgddorche acpemplishgd avithritsh

can conngsin Qﬁ%&arwha&niaﬁ &t. %h&f}u&ﬂ'f‘zeéﬁ\ﬁhﬁ@/n%frnﬁr%tﬁ %%cﬂ'[in a' nvention. 25

[0070] Preferably, pre- proceSS| ng is perfor rred on-c ccordance W th

the presppe9) F ﬁ@lﬂr%ssﬁ% rnoﬂrlﬁlcfé'i@&c‘?é Rlouldk l‘ga] ik ?gﬂg@ﬂ%l?siequen f é%atiorn?

is separated from ot her i ol ogi cal nacrono
crude sa¢pintesfesawiih dee fﬂmdyscmmnndbfs(& of (ptaslidmts grdDﬂeﬁﬁﬂ'ﬁd f PRegpcspitl l1|sm

b bps eccom By O e SRS o R O s 0 (e debige of he
swabs, fmesknt ﬂﬁfenﬁdire r'Thd sreipsdesdngl nidd@le'obﬁ@mpﬂi@cﬁ@) AW BSantAR lEGIRe

enri ched ang purified. For exanple, thé present invention
cont enpl 438 & d@ﬁ’éﬁ OSFhe%?ﬁenb'@WFﬂti%\dS béﬁgnd atonenwdole, Thisistaad cddnesnafulleis

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

invention.

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

30 water/liquids) and the like. These samples can also be enriched and semi-purified. For example,
the present invention contemplates enriched or semi-purified populations of: white cells after
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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buffy coat centrifugation separation; cells cultured in vitro and cells

obt ai ned after flow sorting. Preprocessing is perfornmed off-chip to

di si nt egrewDa3l0ai9ge pi eces by the standard procedure of apirrs&n2/neest he
solid sanple through a fine-bore needle such as a 21 G 28G si zed needl g,
for 35 exanple. The sanple can be stored in standard chem cals, such as
guani di um i sot hi ocyanate, for 12 WO 03/ 035909 PCT/ S&2/00252 5 exanple, to

i nhi bkt t i r i f | e processi.ng cannot take

pl ace” inmre g’?tg?l%ﬁg? %%mggﬁ\%lg%ﬁ %8@“&&%5@8@{@6%% franpl takeplace

i nvent i ompmmBMAteind/ or RNA is isolated froma test sanple. The DNA and/or
RNA is adsorbed onto a derivitized silica surface inmmobilized on the

m cr odev{1] M 4de6rdan@SENE AsltsARREOPbdt BivBrt uani di.u

i sot hi oc%/anate and 10 NH4C ISc?iccsso.l vée)lcszi}rei n vvatféle;lgrgn 'l%'lrdlﬁél/f)ﬁéll\&a%jlfjoj?%@ﬂto@ PH
7.2, for tesksifple. ThnaNdguandkrdaiis adsosetidemto 4 derivitizesisii@cerfleint@obilized on

el ectros e - sarbent surfaces contenpl ated by the present
i nvent i o?ll%itﬂrlllg{ogg@ EQ%Z?IF jl‘;?ﬁfsg?aoeo PO PUEEL fush A gymiciugy e¥angjetand
filters; NHpét aimagmuhmmrahaqtrngmI;@étéd ®H 70, FRITRALR. B gﬁ&@ﬁt 61

al % 8sed on

fields; apd nenpbranes or filters allow n%llqwds to pass t rougha
i oni ¢ ch¥GE BrispBrtace due oeleqpitic chenges. [The edsoobent sapqres contethplatdasitde ar e

convent i gag WashE r e LI ul.ar.debris .an

macr onnllggulngh.v “The %ﬂkﬁﬁl@@%{gk %%i‘é’?é]% ﬂst%eeagss&elégrfgﬁé‘?lﬁ ertgﬁ’@&cfﬂlé"rrﬁe of

surf ace panihegneticphréicles animbbilided gn thufikters 19f magwdic HeldRHakd AehBHHRY VEEEL) |

either b lofor\/\a}id-f{qow g}rr t%tba%r-fl ushing. The fluidics of sarrp?e

i nt r oduct 1°8A2E HELHT 19pash Hromelt hase op ionicharasrepartiessi ng passi ve or active

val ves S,,.jegative pressure suction or positive pressure. 20

Pr ef! raﬁﬂ@?ﬂﬁgg‘ﬁogg?%l qdragped pypleip geide areicanentionalijevashed tis fangovenewantedor e

punps, SHahllaAs o i nge ristaltic punps or vacuum

Dups. [0 e R RN DA W en RliteaCepbinl e, of

nucl ei c sutfersardfas nanlpld doidusing butiasenesiatpDAscludng Watd Rleith& B! Bri@dimdy, 2

sensi ng o?lbﬁ%%ﬂ{ ﬂaqld s;\j tg.f)l.aa o&t@% cs for ac?,ui ring . images can be enployed

to detect Yight of & B udigs gl Wérodygtioneyashingend@utemqt earried ouhe 25

wel | s. Nsgkeassiacordstios €alse Sl i i flecient quantities for

di r ect ndggamljl { aneous ad_et ectﬂiu\gﬁﬂs\}//\nnﬁéggét: b llgrgﬁ\f\% %ﬁ%&rgl r?% ﬁgﬁhve prestire,

post? anpireiPiablys feshsasirdessare fuprapedimpt iheidevice osing eacti mof mMseaRhak Sftime

the pre i i Lncl . for exanpl e ol ynerase chain reaction,
$ERDs,| DARAT LA %sﬂgglﬁlé: PUmps gﬁg&u’upb%@v%%

| i gase Cchain reacti‘on~or - 1so reactions. In one

[0073] In accordance with one aspect of the present invention, nucleic acids are amplified at
assay stations. A digital camera having a sensing element and suitable optics for acquiring
images can be employed to detect light of specific wavelengths emitted from the samples in the

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

detection without or with minimal post-amplification steps.

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

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

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

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

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

primers, deoxyribonucleotide triphosphates dNTPs, fluorescent dyes, detergents, salts and
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enbodi ment, a reverse-transcription step (enploying enzynes capabl e of
reverse transcription) 30 for anplifying RNA targets is conducted before
t he mai n wopBiodiseati on step. I n another enbodi ment a reverPsa/SGoan®@s2 i pti on
step is combined with the DNA anplification step. [0075] In accordance
with the present invention, nucleic acids are introduced into the assay
stations together with conventional reagents for the anplification reaction
such as j , xyri.bonucl eotide triphosphates dNTPs,

1 tor oac ooy oy en B HIRLE e ONE RO G Uty TR PR SR 520bS)
buf f er s. mlay tarprabpitedas theeassayoasti sRRd drt e el 8 RO oy PR S Yl %%gy
primers and/or, probes) nmay be pre-applied to the assay station ar dr d;
these r e&’&gﬁﬁ%lwm!n%n@&/%gw Figgidonixe chserond ligiidhin theractaxdoiy, figmiscible
sanpl e/r e Py 1. didiquid i haracterjstic, immscible
phase su?ﬁggggﬁcl\l/l{ dr?g\?g reg}oﬁi W\é\"xlaiia% agﬁ%lﬂt@r’ig@ g?%%]degé%ﬁﬁec %@é‘ﬂlggld’nﬁﬁén@ﬁi‘ p

t hr ough drenels aftmrthge sarhplenedgenami>eire 'HTH‘e BRNRLBId] Qi1 Piest b‘iffeﬂui-aﬂzeaccess to
will "seal off' fluidic access to 10 the assay statrons

i mmi scible |i u%fgp
and act aasagﬁ pSfndagt a5 & physicah bawyiento prigeent Hveeuverted mixig afthe bentents of

cont ent sthehssalREtiBR AN tﬁ&tac}ddaﬁ cg\filtta?saﬁrr}.%io% adj acent assay stations. [0076]
The assay stations on the device o he préesent invention can be arrayed in

hi gh dengitai, i in .t Loensions or in three-di mensions, wth each
havi ng a@&@e&f?&?ﬁ%ﬁ%ﬁgwﬁ%%g&%e O&ESHE’S%&TVGTUB? £ g TEayvet én highdensty,
mcro | idesin tRoedipreasient od invewsidafehiadast WEh eaati ' |
anplify and detect. ntJC| ei ¢ acids ,pr?asents in about 1 étngexg% ﬁrygéh%ggﬁgéy
st at i onst OHRBOHr REENEICF IRt 6 mifreditesn Thapreserddnventon hed the icapacitf to

i ndirgi dughiuEaohdrenidlir T ay _stations, | referred
enbodi nent, t hg agsgi? l_sfﬁﬁ%%&g?éggtfgﬁggfegg&t%a@%‘ﬁn@ﬁo aP%S@IOBﬁéﬁaé{rret ers.
Common  tSkéoRe Thearesent ioventiveralict canbenpleas thedndusisn 68@HIVIEREYeBhathA Qoﬁﬁ?ﬂge

optim z ingle s of thermal conditions by varying the design o
t he arrplef??%aglé{%us%ks O?Se:%‘ﬁ%rﬁfe”c‘fﬁ ef‘}?é’%%"ﬁ]é ¢ p3RY Biatonsfare Febjectedyorommdior

exanpl e thdrhel paphifers SohBRod @8&hAIYArdBN e 3Snit B &hd e cyglin
t hrough a_set of predeternined te%{ay at%rggﬁ?%{rﬁeggicﬁg{%{,ﬁ %ﬁ%x§58¥3ta{1019t0 be
denat ur &PHBHZedS0 2650l w5t obtierraal candisiahs by yarwinghthodesigrt dftht amplR&Gioxt ensi on

stepy Pr&l86AYhe odnlEy LEFgation reaction is conducted isothermally at
a constant tenperature f €. ég B%%%)r?ag[e 5{57%& ?’f?“&’é%&ﬁ%gﬂéﬁéfti%tlpﬁ reaEOP ey drite
i nvent i phce ehikerpyagulingthofudbiseatPprctiétedbineNteat réﬁlﬁ%@ﬁﬁ%ﬁaméﬁ, éf"(ﬁi-*o u
hormgen%gua?LIu% .b Sgeéogétfj ng.fluorescence emtted specifically in the
presence"d HW%I PF i ed 'BNATBPOHRCE gDt riverhousa 431G evensiusitay Breferably,
fl uor Opﬂﬁr&nﬁlﬁﬂ:bﬁ&Dﬁ‘ébtﬁérﬁﬁ|chdJc'té&F§E§tﬁgﬁ§al@%t a constant temperature (e.g. 60°C).
[0077] In accordance with the present invention, the products of DNA amplification are detected
25 insitu homogeneously by detecting fluorescence emitted specifically in the presence of
amplified DNA product. Detection is achieved using a fluorophore 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 di gital 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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bi ndi ng wi th doubl e-strand DNA such as ethidium brom de or SYBR G een |

for exanple. Alternatively, a specific DNA sequence can be detected using
one or twwofiwssvephore-| abel ed ol i gonucl eoti de probes usipag/sSGoaneser of
fluorescent resonance energy. In one enbodi nent, the 30 detection step can
be perforned after the conplete anplification process. |In another
enbodinent the detection step can be perforned after individual thermm
cycles. odj t he ste an_he

cel o okl v RSB RIROHLIB e LI AR AGELRDIRE SR e R AL
anpl i fi el@tammealb@ tE@ﬂd@reB&npahfs@bHﬁléhd\Mgt\bltlﬂndh@é‘}lp@hnﬁﬂﬁﬁft@né@hﬂtﬁnlﬂﬁﬁﬂaﬁ@ﬁ| on
froman off-chip source of incident. UY or other appropriate wavele

light, c3sleaa- d¥iterpativel dheauewmplifisatiombaseleris deteipined @h@trﬁspem dnfg@emt s

of et egh: i ATDLIKL SEMA 4003039908, POIL SRR A o B PUYRS S BESy

used in conpa on agal i on basellne
experi nmetatiahts.y determ ned by the fI uorescent emni ssion readl ng wthin the
experiment obtained at anplification cycle zero. Alternatively, the

pr e1anpl[od7ss at is %E‘efb@&ﬁihaﬂﬂl etk of tHeRshedd ihtertiot RECEartied Shitfdn@h&Bdvice. The
fl uorescent pro es at the sane_ assay station, or with probes fromthe

reacti or@-@m— whilT dviseroontainnall the antparated elemenisgeguirgd; for detpetistzethe presensatofal |
e ons Y iF QPERREDN LNK DA bOf AL SRHE RS i Bk BRI PUlsERe, FHE prcsent

| ab- on- & chip ains al tegra enen s requrre
det ect i hgventien fine semempites tRatthoth yuangikatior ab(aqﬁeﬂftatﬁle rhddAutementsif N ice@ be

sanpl e and assessing fhe risk of disease. The resent i nvention thus
cont enp SO Fp¥aT thﬁ?ﬂ’\gﬂ eHlUnHes ‘P&&W\%g aaﬁ%ﬁeaﬁ%u a ‘Fctnétt}% Eior sxupRighe gresencpiRhacan

be juse @aEi@lu§§§tﬁ§a%1sthﬁAsMbd t@&tsm?qc:)fe' iAtticRbs {B}@;‘r gcta}lag bé}&ﬁéﬁ)o%d tb Qﬂéj'ﬂ)e{cre?fﬁm For

exanpl e, the presence of | us ant test sanple
i ndi cat eémhwusasmnénax ami;mb}abﬁ ammoﬁmha‘ting tmehmm sssoaiated Werohitlcauses

ant hr ax ris avi n di sease asso re

Conver sseyvernay. B aficnkd Srpidivd itAds oA &1 SRERGRHRS Goicalss tua B Sett"

i ndi cat gsediathatd e SiohRUssocteStHewithave the di sease associ ated therew th.
[ 00791 Any nunber of infectious bacterial or viral diseases now known or

| ater-i ggvoy g GueaRr Qﬁlnfgc@ioﬁﬁl%&éﬂ/al detentedaid ﬁ%l&%ﬁﬁ%kﬁ@ﬁtﬁ&f&h@%ﬂce
with the present invention. Such diseases detectable in accordance wth the

pr esknt rdpidle detceied im e kst sample in ageerdapee W;tmtheauese@t lmmmtirma)SuCQ rdasieases poOX,
e O Bk aBieH BERA G WHR  BRALL 1t Ret Bl bt T SSUAN

and nmal arra er aspec

det ect i pox,dfegangies’s diseaﬁeemuas Hé;ainasssgm and camnab;rmlosalﬂl@rugl a@ﬁ,mahlr@plnor

sore throaf, food poisoning, near- S|9htedness in children and adults,
another aspect, the present mventlon 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.
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25 Ni pah and sexually transmtted di seases. [0080) The present invention

al so permts the detection of pharnmaceuticals in a test sanple. This
aspect ofwoDlg/opivesent i nvention can be used for e.g. rapi @carsey2s@seeni ng
or for determining the presence of a drug in a particular tissue, for drug
ef fi cacy assessnents, for exanple. Still another aspect of the present

i nvention provides for the detection of genetically-nodified food 30 and

for genj}){)@l]f’f}%%ﬁpg@p%a%ﬁ(}%ndt A RPN il B BRR %a§@}4d0£%$8{&§%§£;&ﬁvél%y

genetic no e chip w e e artificla
i nt r oducetktigg Mesrofabrichttor ©@cithiyesRGEh adgassandling ladstdBot ee¥dssingliplgstico t he
genetic fingerprinting, the chip will analyze DNA sequence variation

bet ween MeHERNMAIEIZ resuneasting laser ablationy sieriokdiogyanhy phetRlithogranhy oblhB5909
PCT/ SQ0 : i idi .
9352, LR e R PR Ao AR LA PR R e

manuf act'ur e the mcro ting
t echni quasctsrssisudsasgipes shairels ang, asgyasdtions.nGhe epdnahsnmeds arpl asdyi tatidngjceet i on

nol di ng,, resip . castjn | aser | atign, stereolithography photolithography,
LI GA? pﬁlb%%%eégg,an%ﬁi@s‘%aﬁ’ﬁﬁﬁw@ H’o‘frc}g‘ﬂ?'i ng or metal formng techniques to
forma chip with open structures such as open channels and assay stations.
The opedVe84?d iifedmapsonsafdhe dannels gan ragae typeratly dipns balieg meier ol lds8a wi t h

cover f i’[lh'g%e%rep HrSrabdi OB ]eLT: 8_1{112 a%%ﬁmglﬁ,i rﬁ?ﬁxg%&glﬂxgﬁe %@HQ% gvgx%QO ??&ﬂl%e the

typically from1l mcro ne efore, mcr ricatron rs only
an opti chip it Qther rexelcosimven relandogdiys swich ab cémpyeotimeaidalie comthillpd LONC)Ot her
nmore conmmon. technol ogi es sych, as. conput er nungerically control ] ed ((CNC)

machi ni w&cﬂmgaﬂn%?fﬁ?%,& fSHSHPIC G} BRI Ohp Tt F'%Bg C‘I‘fb?ls%{%ﬁ%eélifﬂ’g can
al s@s be spsrdiibor 15 fabrication. [0083] DETAI LED DESCRI PTI ON OF THE FI GURES
[0084] In FIG 1 and FIG 2, exenplary mcrostructures of a chip apparatus

subst r at S D D B R B e er i al such as
Tt al I I Sl T b TR B AR 10T T s 38mote
exanpl e fluibpreparatorys iren dlaswh g @gstradtedos adbseheBicn Gubsiedie B 6 vasbempdder A1sed on
a glass substrate. If uti]Jizipg . plastic (with or without netalljc powder
filli ngf{nfa_g’?epmw%wh BS e1aat: @Pa_@é?’ RoaspEsErng RAlY HmBFhYleHoras i(?ﬂ_al\’&)e ,
o oF] PSSR e o8 Ao PRy S BSgpo ao
phot ocustandprd mthsp Cleestical etching techniques can be used on a glass substrate. If utilizing plastic
(with or without metallic powder filling) to provide substrate 36, hot embossing with an
embossing die, plastic injection molding, resin casting, laser ablation, stereolithography
photolithography, LIGA processes, as known in the art, CNC machining photocuring and plastic
25  chemical etching techniques can be used. LIGA processes typicaily comprise synchrotron
radiation in a resist structure, such as polymethylmethacrylate (PMMA), and exposing the
structure and chemically developing the structure to provide a micro mold based upon pattern of
the resist structure. Metallic powder filling may be utilized in order to provide for improved
conduction of heat, for example, when substrate 36 is comprised of plastic. If utilizing an
30  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

16



25 chem cal etching techni ques can be used. LI GA processes typically
conprise synchrotron radiation in a resist structure, such as

pol ymet hyWwoatiazony| at e (PMMA), and exposing the structurecarsdozhestcal |y
devel oping the structure to provide a mcro nold based upon pattern of the
resist structure. Metallic powder filling may be utilized in order to
provide for inproved conduction of heat, for exanple, when substrate 36 is

conprised.of plastic..Jf utildizi an e riSubst Loat i on
(a TypesgionsRophes dhand nofifedrraid suRp PR LR O Fh P e RIS, 0
t echni aiRs sCaie bﬁyepfs%rmﬁgyihﬁola@a@mm the$ ksl £0B chathel dnil aeduybasied o¢ phupalitpds
may be utilizedto provide Substrate 36. Then substrate 36 may be seal ed

wi th t hef sseay stagorisagrseptahamber 6 anhalhihe ipletsnd\wullgls, by ¢ bendingprocess AnGYEns,
confi guy at.i ons, of .seal,i,ng Ay Vi .S . j i f
the as s&% lupiieq ’ES’ngle%alé)ﬁgg{ngo?lg%e%&;#aﬁl\ré\glf %gglg éy&@tg Salt?iélc)) ns nlﬂ}\e %8%% %Z%(ﬁ

Wi th assayalddcoiEisDsf ABEIQXRUE 0N QAR Date st pihitarplath anae kksteter HBe poig or
first and/or second multipurpose channel 30 and 22, respectively. The
seall ngdimgieylsilexape (FRIMS)- a plastic filmthat seals the channel s and assay
station or plurality of assay stations, except chanber 6 and all the

inl et s HO85pin patisylabsmbodimauisiye seadivadayer AR madiakg, be wmprisehpk xerlto,

t hermal . bondi ng, el ectrostatic bondi.n Lyve i : | | ayer
40" caniSHES EEMS 0C BrBEREr B rr r e BRARNsS: grioat B ydgd BR

pl at e ope gperRiasd MEEHanidak @n@et ¥led@ical, BRl/Byhagd ety amel/dr ehb)cal nedBIhatlwould

particul ar” enbodi nents, the sealing | af/e,r 40 may al so be conpri segi (%f

sel f- haldow fey istaductign of p ey iEneemERrcXpmPles INdh cayerad As BT Lation) 20s fHRRIY e Teethg
and/or a val ve/lj i : i A.C i.cal ,
e A e R e A R e
of a syrdn@el of te sexegepiie, sebliiglagaveiled!fasalayn partitilonerBodiments howieds, 4 or
the 15 application, of a particu]ar as ay hea tion conponent, for exanple,
into asgeéf}hg%lal@(%ﬂl%yp atepia &I“OT(S)[? wHEedyringe, the sealing layer will

self seal. In particular enbodi pnents however, | f - heal ing/ seal in e
of mat e[4086] Fayriersion bé thetassayzdation 90B@F*O%ﬁlﬁﬁegwiﬁe8?“?%‘*&8%";3/“%%‘1&?}? biie
or POr L LA LRI G oSk difhe: HRLLONS SRR TR0 P cxiiplé, pbilcil Sithsiay

only one o substrate or sealing-layer 40. For exanple, a portion
of @&sSaytatidf stshanies varshe focmead es thearwbbieaté 36 nestabng tayer 4lilsd pardi@eishannel

sealing |ayer 40, and a porti on of channel ,st ture,ca e t
seal i ngStF‘éF&y‘érte cgp be 81?2‘? Pﬁt%ée. Seﬁﬁ% g’ww %‘E%&qﬂ?‘igﬁ ?L)i %%%P?%%nggﬁc/se%r%ﬁﬁ%%ggrn t he
subst r at & 38 subdtutd 6, the prrBEulROpdrtiORSoOfarivad ¢loiente beIvRidupdhl tidedbstpean/ i n

t he substrate ) ) .
36 and sealing layer 40 are brought together in proper alignment to provide the complete channel

or other structure.

25  [0087] Embodiments of the apparatus 100 may include at least one flow controlling element.
Flow controlling elements include various valves, gates and restrictions that 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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36 and sealing |layer 40 are brought together in proper alignnment to provide
the conplete channel or other structure. 25 [0087] Enbodi nents of the
appar at uswb0G/08899 i ncl ude at | east one flow controlling elPemsan2/00252 ow
controlling el ements 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 exanple, according to a user's
desire or need for regulatin /pontrqllinghfluid flow [0Q088], Assay station
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library ucdeel [ G ] r a]ggtlj] | A off': LeasSk Q86
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the depsiid®BoRls Ad/dedsdp@HE conmponent into said at | east one assay
station 26 (lspray or 1nk jrgt deposition, for exanple). The particul ar

carri ef ot [N 8ui@ dibd A ERATAYODEAHAPLEA PR is @10k B Pt o
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and/ or Qﬁggfd%igﬁiﬁgin%qgﬁﬁ] The a§sﬁ§ stafl8h ap&ethbRatic®dd BRRIOK the dkdriNof @ACT 1 ON,

such as P e run in the assay stations 26, before bonding of the

seal i ngrdagtjer cat@porenh befors aslding the seadiggimer £ bepaghipilarfembedinents tha Sabng ner

i b i ted int h t ati. 6 : 36
manaal | o8 ey b o dhe b FaStuBiR R AR ag Ao dPodilitR HEbERLS
dried t@admiovgedditb Hehiy C Oitel embodintdhe maehsle thiscatinpbyento hkfddeariagdieng t he

sealing layer 40. In particular enbodiments, the sealing. Iaégr may , be
added bemsing efithe asspynfn B casesulers a self-braling/waling ygdsad PERRES/Drers

station ggg%% Qﬁ&gas%aﬁ,eélp%i Ar¥-is ﬁl@@(’v]@tﬁ{iﬁxﬂgie@ﬂ& §gmay have the sealing

| ayer 48 rrn runni ng o e assay. In the case where a

T R T e
fragments, cDNA, nucleic acid primers and/or probes conventionally obtained by the skilled
artisan using standard methods. For example, a DNA fragment useful in accordance with the

25  invention can be pre-fabricated in a commercial DNA synthesizer. The assay stations may be air

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

are dried in about two hours.

30 [0091] Preferably, both the substrate 36 and the sealing layer 40 have hydrophilic surfaces to
enhance the 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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[ 0090] The nucleic acid fragment to be anplified includes, but is not
limted to DNA or RNA fragnents, cDNA, nucleic acid prinmers and/ or probes
convent i oweloy3bs ai ned by the skilled artisan using stamrdarsdomeiinds. For
exanpl e, a DNA fragnent useful in accordance with the 25 invention can be
pre-fabricated in a commerci al DNA synthesizer. The assay stations may be
air dried in accordance with the teachings of the present invention.
Drying may be carried out at roomtenperature at anbient at m)s%geri c

pr essur gwemgpe idbyngddippa hydrephiliedpotyroér sabiiop, oskyaaddingsa sutegianbiotly t ake
from about éo niag}es to aggu. 5 hours. Preferably, the assay stations are
dried | W 1 SREGT-<:&- a%16091] Preferably, both the substrate 36 and

t he seali ng | ayer 40 have hydraophilic s%rfgces. 0 __enhance t@e I%g:ui d fl ow
by capi [0092) Feropample, thossiod skilliy e ffamul i Sith fpanyriods ethods 1o

nor mal | y Ol QPNARKE <SHRRL WATuRIGMuBed (RAARY IbRNlizE s nidiothidio

transfofm nce rnto a ydrophilic substance by treating the
pl ast i caplichtietis| michhshtahnef ttaatménts acéadtiogs, o dxamipte. o afl exapple, igkass walich &

alter the surface properties qf .a hydrophobi c substange t db

hela s DBy choseb PRSP ST ey o8 g e el O FOBESLE, PY

pol ymer P&%%,ﬁg Bﬂ?so%%%cg%aégﬂf-e&gh rSpdHAC tRictétich eSudiytebamidindinay duhsiliaat e,
ptastic.

e.g., or exanple, those of skill in the art are famliar
Wi th matypreside apparabistindéor portions elthe apppratod il Y higng parfigelaschagictaristigs GHFy

f t hat to b il ] | Wi gl | j
L B S e e s e S

10 typi bl ©hRbAEE ahiapgdatas chiaitungl fuyeidamdtiold martieuldraserss prefeyertre. flheat ed
so that the surface or portions of its surface has instead hlﬁg%sg@hobl C

chanact ewfases oSthearinus elaanels Ardstaggnsp T GERTPIEcRAY £V YATOPYRO &t us
and/ or rtions of : i td efrkski CcS
g% sv%% sea?mg ?}%r%a)?gaglﬂ’fgaettﬂ@r \;Lﬂ(?ll}h, Q{Yf'fé}gntF’&gf)’y dr @i bR coBRhAfdnS frb skl

(such t1ng ri'stics, for exanp i'n accordance with the

t eachi nggfaks ihexdpr Bgovide nvdesitddamangemersrodenrftes ghersviedsticsn appar at us
configured according to a particular user's preference. The 15 surfaces of
the var i[(msg! channeal suckng 291 20 &) infFIIG. Efangkeplempy haveemiaallpeshebby i ons

iy combydratlioric T SeRiaah oifer B0l Fomderaties PR auriLy 2hofeblPRtrhy wnll ' "
5 AOSTEnfll a RN iy SORS pmon i @811 20 21
on a gl pepaskdirdictirerof ka4 subfutie acidant @bt Vb gqysas Slutiagfhygmecasi ng
peroxide (about 30% H,0,) at about 100°C for about 10 min. The slides are then rinsed
thoroughly by running tap water over them several times followed by deionised water,
respectively. During this step, the slide is checked for total wetting achieved on every part of the
25  slide, for example, and that there are no remaining hydrophobic patches. Of course, a portion or
portions of the slide may not be treated if a user desires not to alter the surface characteristics at

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

[0094] In an exemplary method to obtain hydrophilic surface on plastic substrates, for example,
poly(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



20 designed masks having desired patterns. Initially, etched slides are
imersed into a freshly prepared m xture of about 70% sul furic acid and
about 30%veqgumsieey sol uti on of hydrogen peroxide (about 3@@TKH&EO2p0282 about
100C for about 10 min. The slides are then rinsed thoroughly by running
tap water over them several tines followed by deioni sed water,
respectively. During this step, the slide is checked for total wetting
achi eved on every part of the 25 slide, for exanple, and that th(fre are no
remai ni iKYy Toopitaibily drsmhebie surfar ie shansel 2hansbi parbaf dhanng) gfs the felleyyingsieps
slide be treated if a user desires not to alter the surface

char act égei%gﬁ cs at those area/areas. In the above exanpl e, hydroph| lic
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provi ded wth hydrophilic surfaces I 4 WO 03/035909 PCT/ SQ02/ Og [ 0095]
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dei oni z&%'Q rea use ore’u ey are typically
dried i mhearbrosed cﬁttspﬁlyedltnt(iG&Geﬂhma’mgserdhegmnpﬁessnngfdr(abmatidbﬁo thirRathrosm | f
and when some precursor chemni cal.s glre used, he dried and c E&ﬁf %r(zéerl al
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nmonol ayer s qual 1t¥y. Precursor nol ectules (such as long alk ‘
t ri chl omesdskandsr, ths finishirg awteddddsd wrbemhtedratgnloaﬁeat@@m)m tﬂ@boﬁﬂé)ﬁp@ dyr are
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tenperature, for exa When using fluorochem cal acrylate polynmer, such

as BGC amfgnaltqmub’gacgmar@qﬁ@ns@gwfqqglbgtsqtta{. on is prepared freshly with
about a 1.5% acetic acid and it is necessarg}@for the finishing coated

slides t{@097¢ Tear wanpde indet Dfpe teshsanyto (r-2 gtholoblepdlis commeted dypicalliout 30 nin.
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are
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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provided. This is only one of many exenplary nethods known to those of
ordinary skill in the 20 art for altering surface characteristics of a
substr at ewo[030%0)9 Test sanple inlet 2 for test sanple (e.@Cnseob/eo2dst ood) is
connected typically perpendicular to the upper surface of substrate 36
such that test sanple inlet 2 is fluidically coupled to sanple preparation
chanber 6 through channel 5. Buffer inlet 4 is also connected typically
perpend| cular. to.the upper rface, of subst e d su a uffer -
ol Bt ePRion DR SrcBlBY b geach e Bt DnOE BB Eoch 3 HRgdh
channel /. Sa%gﬂpkpe pRFBRAALNBE 6. Chanber 6 is sealed at least partially on

its lower surface by sintered glass block 31, to which absorbent 5 and/or
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powder 31, which is . inserted into sanple preparatlon chanber , Is also
cal | ed powtinnsbuyfesdsinjegied injgiample mepaation ehageies Or Eﬂfgw bﬂlf%ﬁp%%‘tes 1ntmtb,¢ 0
met ef t as?%‘dké%oaﬁd%l%ﬁ& Rl BRA J&%aﬁé{'ﬁ&ﬁ%ﬁ% ng%gﬁasg%log %‘fp'ﬁ%ntﬂﬂ

| ower tlono esarrp preparation cha cally is rigidly

fixed i rﬁﬂﬁenalhmleﬂmm}nee (6 blyyflos @tau@lnton}s1n2cethedaihitfoarlmﬁﬁeecorttaha¢d 1In$an1pﬂt€ si ze

of the ass bl o s sl | ar ert n the, si of th 0 WO
03/ 03500% ég‘??’gsfzézsoﬁhgfﬁ%’?%tﬂ?%ﬂ cgnta gﬂ%ﬂ% can
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chanber 6. A vacuum or "liquid absorption by the absorbent 5,
created Oﬁﬂ@d?%@thhearnga@kledm)tbk ch@ion bhEeedythistimeact i ng t he sanpl e,

washi ng buffer and lysing buffer through the glass block 31. Elution

buf fier i[80100] dntandthen bmbsdimdne thmre patoatded fiorcthanxest d@.additiah oba lyBief Wiffer to
penetrates i tothel k31a eases t DNA nol ecul es from
t he sur %f‘@é?e i Itnﬁ@a@rgggel Be YS utﬂﬁ’é% eaﬁhikeﬁi& h@cl?ﬂagzéltﬂ? ¥%‘§% (or by
flow ci nGhbRhthRIYitHeR Wheh R 8 s&ﬂﬂ@p&gaﬁaﬁan IRy BRA nhdY RAVAMRtedinEP@EAL | ON
chanmber 6. So, therefore, the el'ution buffer contains DNA nolecules at this

time. Abwp stagoherndlysed thates In@qlartrcehlrtembpénrn@it,m lnh@atm&gdqnmtem@ﬁamre

cl ot on ‘BOFY gy 4P <P F8 EEb'sRBy sBiieh O8 i eIk dluFrBRER T o

needof orcyélhg aﬂ&@cloiss@y cl@aiﬁberGn Foifthédmloys heg rbayf lﬁeezﬂsd @tlhzle&@e@@bia& al nst ead,
the cells are I sed utili zi nqq heat. The cells may be heated to a | ysi ng

t enper atmeRN At haion piferdp prder foingrgassi the ponspairaiang acrii &er ampleyal Apan
conduct %@allnﬂfecﬂ&l&e 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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assay stations and lysed there. In a particular enbodinent, a mniature
heater and tenperature sensor may be enbedded into each assay station 26
in order wo op®s0¢ m i ndi vi dual thermal 20 cycling at eachpraIs@y2/oianber 26.
Furthernore, heat may be also utilized to evaporate an anobunt of elution
buffer in order to increase the concentration of a solute, for exanpl e DNA,
in a sanple fluid. This evaporative step nay be conducted at the sanple
preparatjon area_7 |nd vi dyal say stations 26, for exanpl e,

wher ei n 4#RbragEn 5 erleéyéglt%@gt 25/ Utien e 38 HircaBIoLE PrspaTatin charelaT B 5 allow
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el ectrochem cal sensors an trical and electronic sensors nmay
enbeddedamplegregeritiasdmyntet &t i on 26. Utilizing this enbodi ment, a user is
provi ded el ectrochem cal -based detection/data as a result of assays run
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el ectrical conductance, resistance and other jndicators typic
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are useful vari ous assays actions. For exa
t he requiuted bafifey. e, {ldil porges derduttyduffed e«mtgqmﬁgahel cdlestd DN A mbpoolephaides
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the el %rfelntoeefnftér%t%rzﬁmauylemp@; SHAhLRE T iR %ﬁe”s oRRioARRK FRY, Sren@aak thad e,
typically vertically, to press 21 WD 03/035909 PCT/ SQ2/ 00252 * di aphfagm’

48, therédisye Té;g ietwitonrippften éille chamlen 18ufFlervalve § t@ dsmlm evgrepyae &dtat tnorehatader
6 to_ allow DNA nol ecul es t.0 ass bl ock 31.an nter the
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fluid, fefioghanRt R feddSedfromRxRink thd!EaniRr I1DbeE &@phé&@v&l&éﬂpg thaPislpa4tad i on
chanber 6 t hrough either through test sanple Inlet exclusively with

buf f er ishthetengrardegs depin druid) digtripeiancdpgnel g0t Rroiding tﬂ@& caghpriicved egai2 wi t h
buf f til it filled th

e:Jut ie(r)n ,[%J ?éh 1 V%ﬂﬁbrﬁl QB%QS %aughtgﬁgregﬁﬂté?{;%n glrjlf :‘ erI colntsal In| ng t\rl:ne rel eased
DNA I dr ophobi
Vil vo_ J00igH] BABR aE R ?f%'?lﬁlgc%%ﬁ%r?%%ﬂ&%%‘ig“%Sa9 i EhEI R PSS RED L 5

charnper ufsétl’fomhel ﬂogos@fgnlb\ﬁpmlsqn) méstihe |bQWelpﬂ@Wﬁ1tgldmgof d:hdlhﬂ)er 12/\/(tﬁatas ttbe
el ution buffer fills chanber . The valve 8 can also he a val ve type that

i s oper &P@igplibe b‘gflu%qf&&éfebﬂﬂmngr?@aﬂ%d@m &% DHBEIPSR lee ofgfobipg pighamber
pneumat ' 9?1 % 'bﬁ);feﬁ‘for:qgf ad 5 [ td 1@? he% é'c@ﬂnm Jn orﬂ eﬁ%gﬁ%}eeﬁilef rom
hanber d 1 'S te

exiting t |c vave
buffer flows out of chamber 12 and (3) to increase DNA concentratlon 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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at the entrance to main liquid distribution channel 20. Providing fluid can
be achi eved again through conventional techniques such as pressurization.
[ 00104] BabDase3he buffer in chanber 12 flows out to assapCItS&nL/002s?
chanber 12 can also be 20 used for the follow ng purposes: (1) to neter
the buffer flow ng out of chanmber 12 (that is, to control the volune of
buffer flow ng out of chanber 12 by proper choice of volune of chanber
12); (2) to retain buffer for period of tine to |et the DNA di str_i.bmﬁifon
honogeni[@H 06k flpparticuiar epbofsnents, 6ug opmereonapsampls fluid chapngl 2035 fhgdicHt ease
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03/ 03590 vRCTE $G0R] BoRERl. $10D FoGace! tensirar isigengraied ehihg ¢pntepitrsgion hetween fisr e

mai n sanpl e f] ujd annel 2Q is .fluidigall. coupl ed-t.0 at t,ene first
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criti calthd saple flyidgaiflewibrquahgalvst! Stand meefheher infoqllnrasr chpmels andfseyof
hydroph%{&hgnsval ve 18 becones | arge enough to cause the to buffer to flow
t hr ough e valve 18 from chanber 12 into main sanple fluid channel and

f h [ fl lti- h vi T [
channel OO bl epird hRYRPRRY, EPRRY Lol b PR ARy

by capi lstadlbis 39 @8 Stileastgrngsdtechniple Auidftacagh erishwonubdcond assay esanhbk24,i qui d
forward. Such surface tension is generated at the g{nuﬁact regi.on yeen

t he 20 sarffid are Hplically qoneledde the astayrshtiond £6 ARG STRPH TR HRPNCES htaﬁ’é?g t1%ce
of chanigh Shizlels 30, 3658 @ahslay ARRAY 26 baldnd IO W drdpfien@ddblealyel the

FPF, the surtace tension Is wered enough to cause the sanple flul
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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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stations. [001071 During this capillary pressure flow, the air volunes in
channel s 20, 30, 28 and assay stations 26 are at |east purged by sanple
fluid t hrwogh/oatood east one second assay channel 24, 20 whipch/S&02/00252
fluidically coupled to the assay stations 26 and second nul ti - purpose
channel s 22, so that channels 20, 30, 28 and assay stations 26 becone
filled wwth the sanple fluid. To ensure that all of the assay stations 26
becone filled with the sanple fluid, the volunme capacity of_ chanber 12 s
desi gneglaspobplastic juatict tegfain a wrythigfiabsdriingnEpewy esifisambedijently#ropped he
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second Mob110} PWhpn seinghtidetyl@i2hlot@ilpROAWEY), itds pafdratdy beepaedifiedhlyeantte, ratio

order to stop _sanple fluid 56 flow fromentetin cond nul tipurpose.
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as picted 1 n exenplary , ich depicts a side cross-sectional
vi ew of 28mieraéngine tahpdrhiuse, fypexamplec dn this west ivsmophabigrsasiaces areohitaingd ni¥hen
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prepared freshly with about 1.5% acetic acid and the finished coated slides are preferably cured

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

25  [00111] Digital camera 32 detects when all the assay stations 26 are filled by sample fluid . The
digital camera may be a camera with a charge-coupled device (CCD) sensing element and all
possible types of suitable optics for acquiring images. An optical filter is positioned in 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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15 effective to stop the flow of sanple fluid 56 and prevent it from
entering second nultipurpose channel 22. Line depicted between the various
channel s woa3m83999 for illustrative purposes, to show graphirsaoryozshe
various channels and their spatial relationships in the exenplified figure.
[ 00110] When using octadecyltrichlorosilane (OTS), it is preferably
prepared freshly at the ratio of about 10% concentration in a suitable

sol vent, e..g. Hexane, F? decane etc, Foll ow.n 20 the solution is

then br PERHEW BeSEpajeR (s @t%tl%wﬂalaﬁyggswgg?@a‘ %&sznele?taw%% ng for
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and reach the sensing elenent (to 30 be detected by the canera). [00112]
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21, for 3@xadipl.e Thedrottioameedifihprds seddokted somspid bd imperfrieable taihd ehwionrhutfer, i.c.

N e U
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syringe), capli | ary fl ow, electromettlng thernDcapll ary flow and/ or

vacuum Sedvatses. trA-nerismeKies aF Yltataslet & \Seqr visible ighesuralle palymst Lawidswd doi
over th

castlngﬁéﬂg%h&aﬂég%%ﬁﬁcgggggéﬁgﬁkgﬁ ?%pﬁgygﬁgkgyk) |%ﬁa&ggﬁ§&purge sgﬁple
flui d Ssofatiomnidddurhis 64 inctudet bpiaronsdimicddanbbrndlly duirdd palgmeharhelss 30 and
22 with isqlatjan, nedi e execut ed sequent.i al | 10 sj.mul, eously,
andhs ey e BRSO SR SOteons BesorBra R A LR digh
inlets GLARLrshis! %urﬁfgreaﬁv%mbﬁpéﬂauﬁé& thiPHR higRer this hbdmhd degbdsn@se channel
and then subsequently isolation nmediumis introduced into the second

mul ti -p foese a@@? ufl?a-?#éﬁcfl%@’? buda DR EJ15UB mb 9&,15%] sulh &Y ghge 1a£ehﬁd its

i sol ati n medi u irst and seco mul t1 - pur channel s
derivatives, polyurethane precursors and its derivatives may also be utilized. The UV or other

appropriate radiation sources include a UV lamp that is focused onto multipurpose channel 22
25  and/or 30, for example, by a lens or lenses, a UV lamp illuminating onto multipurpose channel
22 and/or 30 areas that remain exposed after application of a mask having 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

25



30 and 22. The isolation nedium54 is selected so as to be inperneable to
the elution buffer, i.e. 15 the buffer cannot diffuse into nedium 54. The
i sol ati orwomdiossyd4 typically can be wax, heat cured waxPC®iSG02/00252
phase-changi ng pl astics, thermally curable polynmer |iquid, cyanoacryl ate
and its derivatives, two-part epoxies or ultra-violet (UV) or visible

| i ght curable polyner liquid and hot- nelt naterials (such as those
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appriepr iaat/fer iselation gndidim S 431i1d1/nuh1pstpus@channels éalandeOJ &yter sé&ling sohicnres, such

bstrate 25 590 L0 . i ded. Th
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preferably, sub&tantlally immscible with water and/or aqueous fl uid,
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[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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seal all of the interfaces between the anbi ent atnosphere and fluids (such
as sanple fluid 56 15 and/or isolation nmedium54) in nultipurpose channels

22 and 30wo@Blevoseal i ng structures, such as caps, |ids aad/Scabv@s? can
also be utilized to seal off air-liquid interfaces and it is preferable
that solidifiable sealant 67 and the caps, lids, and val ves can endure

tenperatures up to and around 100C. The seal ant 67 and/ or the ot her
sealing structures for afl ed vaql une of i U|d/flud|nt SS
st at i 'onschaggel 52&;?&5 qla?fhseﬁhaéfhe\}-]alﬂ or &h?mwe ot figfilsg o an
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of sanple fluid 56 is raised in order to mnimnze sanple fluid evaporation
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channel 24 so that the DNA or other chemcal's do not diffuse to an
adj acent thaisis afyinderasti diponrhe pemplsten okthaessay repction a ardingstrraeooprigsdager t y

of the i I I [ t [ round
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injection of the isolation nedi 54 an b |ev d throu entlonal
t echifi qUEETROBEHS 26 EASEYERT Mo erﬁfagq 3 ﬁlfoz%g%ﬁua%
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suction. [00121] Additionally, a washing step may be added in order to wash

away at inteasst baunsl toribesiarked/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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conponent of a reaction, such as non-specific binding of a |abeled probe or
ot her unwanted reaction conponents, for exanple, in assay stations 26.

Thi s may we oawsisnzed i n enbodi nents 15 wherein a probe/ mapkarsGoph@szl es are
utilized which are strongly bound to the internal surface of assay station
26, for exanple, and also bind to the particular nolecule (DNA for
exanple) that is of interest. Upon the conpletion of the assay reaction, a
washi ng step, conprised of introducing a washing buffer (vja vacuym qr

pr essur essayctationaeitad) sample prenaraianchpmperdsand alhiha Aeradugtien %@Y&t 518
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conpart St rEh@onel s 20, 30, 28 and assay stations 26. The sealing
| ayer 4?%03?%%@ onded to the substrate 36 preferably before the test

sanpl e H(ﬁ)?ﬁg,ggﬂlatg m’;oﬁa aﬁﬂqﬁiﬁef}t@ *Rafidl 106 QNAPak, ﬁe gﬁﬁ?dtea%kﬂ KiflesPenk et
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romthe environnent, enhance the capillary flow, and enable the
liquid flixen4BynddDei copraeistdnf @ mateatalithet isPaepeeebisg This/weuldellpw vestineaflvids

lastic fil he channel d .2 03/ 0
e e T e D e R S

i nt r oducppOfdr ieRdBplS. Iayich akedtigngyeris poekisd, veatingholgs naytnot berietjeited t0,allow
t hermal bondi ng, electrostatic bondin mechanj cal _jointing and adhesive
bon@p ng flufdfeandegripwympdiias t@ﬁﬁ’“ﬁ‘lhﬁ‘?}lgbgﬁecW?g - at 1 east one of a glass
plate, a plastic plate, a ther%l astic, an elastomer, a plastic filmand a

t her mal 1[90%2d] i Vet ddnaelh@Q; 3 28, Ndend 3o¢mairpige is sdfthiypicalleronapord Bewpri sed
of the SOE: {T3hE rlnm?%v};[lfé%hes URSLER S ragrgg Inec'ie?)m ¥pically from about 1 micro meter

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

25  The surface wetting properties and dimensions of each type of channel 20, 30, 28, 24 and 22 can
vary from the other types of channels. All of the structures can be manufactured using such
processes as micro electro-mechanical systems (MEMS) technology, 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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1 o sealing layer 40 and substrate 36 are transparent to UV and ot her

wavel engths, including those in the visible spectrum and do not generate
fluorescewoasbmowi || interfere with experinmental neasuPETSGNOH0263uUlts.
[00123] In additional enbodi ments, sealing |ayer 40 may al so be provided

wi th holes/vents that are located at a variety of |ocations. For exanple,
at |l east one hole in the sealing |layer may be 15 provided at a |l ocation, or
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shown in F In all” other respects,
inlet 21 is also provided in communication with first multipurpose channel 30. In the

embodiment of FIG 5A, a reservoir 45 is depicted in communication with first 30 and second 22
multipurpose channel. While only two sets of assay stations, assay station channels and
multipurpose channels are shown, any number of a plurality of sets may be provided.

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

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

30 [00129] In some embodiments, first assay channel 28 has a smaller cross-sectional area than the
second assay channel 24, as shown in FIG 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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t he design of the chip 100 and the operating nethod of sanple preparation
and analysis is identical to that presented for FIG 1 and FI G 2.

Ther ef or eworve/03sdd t i onal di scussion is presented. to [0012¢/sEoz00252f the
chip surface (surface of all the channels and all the assay stations) is
hydrophilic, there is no need to use a FPF at all at any stage of chip
operation. In this case, since the sanple fluid is aqueous, it can flow
into all the channels and assay stations by itself when vglv 8 is g,p,ened.
Bot h valwepg! withinassaystatmnmsisamnplsdiud 66 fioys g apsay sation &p apg gygnteally into
mechani cal ecty] magnetic, chem cal or pneumatic. 15 [00128] In
parti ch%ﬁayg%ggich%ﬁﬁ}%g?ﬁkt he apparatus may not be provided with a sanple

reparatio rea. rein arati o f sanple flujd.li onduct.e .
S e N Y e A e R S e
may t hepgfsok&etRRaPiapt/drfile, s Bhéanemap URGS drisBaptbthiiafodtled B&S testii@ioasday
station 26 having in comunication thereto a first assay channel 28 and a

second assiyize kemplelfludd56 Adviout svialfirsy muldpirpescshanas?® i nl et 42 is provi ded
in 20 communi cation with second nultipurpose channel 22. Furthernore,
exenpl af§01SahheF16ai Ritd mmtion 50 ef seRdnd sssay statiqy chanokd d4iadjacentiveeindat i on wi t h

first mul tipurpose ch el 30. In.the .. enbodi nent of Fl A, _a reservoir 45
i s depi E‘%“éﬂ&rﬁg%‘%\%‘%ggt WB%QWIE(W#% il %faﬁﬁggasf%%ghsgc %"‘%r%lﬂ@?ﬁ&?%%%%e fo
channel MM, &£ 9ithylelsWR1tiSE5S. Pbr A&Sile, Sbatindongtip@peaychaind DO M TaReet e and
mul ti purpose channels are shown, any nunber of a plurality of sets may be

provi dedreat2d tozgrividesnlaydrgphobiseturfage.| ythis eatpogienal prrerle slytion b ispay ti cul ar

di . ticular . i i : .
Shonn adaorgs SatGRRRF it G RS VTR B CEAEIRE e b S bhhe:
seals ng 21l ayRI fidOmeniLplipdg: @aaRY 36t whichis tR6eomiple his liydraphithi suafcon wi t h

one or both multipurpose channels, for exanple, pendi ng upon_ihe type of
assay t 6haactenstiosn PIntlady drasuaieces elfrstassyre lgg ap, agsagﬂa lo%%é’ﬁ?ol ]%/aé’éd in

conj uncﬁl'gggaﬁmmumpi%t fd?teﬁarﬁ@g_ gglgﬁ)%%gion's% AV SERRE IR Srpodd dhahn@ 992y

channel as a smalfer cro tonal area than the second assay
channel aRd stoas, diedosedond FiuBimrpdse chikis!’s 88 lydwophbldc spéard chadtieristid awapin

sample fluid 56, that enters, ass statjon 26, thus ald ow ng.the aidg being
G spl acEEtieyfes SEAPEs TP BET B P | RE it b i T el ond
congyict gekdnh 949 haReINd (@ 5waNd ahdiheposehannrl 224A886bibted PorS@CINSS second

mul ti purpose channel 22. This reduces the |ikelyhood that, air_ pockets wll

f or m andsssg channab2 6 31ay38908vpEYireEholio epsarechaspiedstiss ehvhichery sunpleithid 26
as sarrplsg d&#&ﬁu@%téﬂ,%m Mﬂ@?ﬁ?@, &t Q}EMG‘ZG and eventually into assay

station channe
[00132] In the embodiments depicted in FIGs 5B, C, reservoir 45 may be provided with

absorbent 5. Absorbent 5 may be comprised of at least any one of cellulose-based material or

25  synthetic material, polyacrylamide gels, particles and porous materials. Reservoir 45 may be
sealed by sealing layer 40 or may be open to the atmosphere. Furthermore and in particular
embodiments, when absorbent 5 may be covered by sealing layer 40, as shown in FIG 5B (top
view), vents 52 may be provided so that fluid flow in the various channels may occur.
Additionally, while reservoir 45 and absorbent 5 are herein depicted as being of sufficient size to

30  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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[00130] While first assay station channel 28 is depicted exenplarily herein
as having a circular cross-sectional shape/profile, this channel may have
any shapewohlaw3yoovi des flow restriction to mnimze sanpica/Scozess6 fl ow
out into first nultipurpose channel 30. 10 [00131] In FIG 513, a portion 50
of second assay station channel 24 adjacent second nultipurpose channel

22, may be provided with surface characteristics that are non-conducive to

the flo sol uti on 56.. Fqr | e, .second I t u ose annel 22
s Dy Q0E33D I a0 el iy Ui A b RO L e B FOF hete HIS
enbodi mgpt ‘%pﬁ\;}n |d§1t 30! Wol #3028 diin 32 m AHShREH ‘*Ha' Woud Hl%th%ﬂé@ﬁ& 1n "

solution 5 ow into assay- station 26 via sanple solution inlet
21, and af:wréancmlth vepwrup eswodin@ntsalf tBOinstatit inkentiont fios exemariplisolitam medium

hydr ophi_li c urf teristics. Simlarly, .t surf.aces,of first
O o ek sl b e AN e s Rbtbaie affee) Yo isoRBar BReS Budiut Thes. for
exanpl e paPRIRE 8mSeHuhdi) fSxhnPWSn FOGS %OECAS Welitas PYGRASRd SN ABRELn %?eduﬁﬁd

st ops, due to second nul'ti purpose channel's 22 hydrophobic surface
charlact énletsdli mapservas dunl orpagltipenpbserasenplti iuid idetadl andpis en drlef for Fplation7,

D A R e LR SSbo L AR o A L SR RIS Rl RS YEL 20

channel 1s2>{1atm>meh§1e vy by thtrophelivea @rurniswe o@bﬂé@@ﬁaeab 8ibi Sverd dvMipGfpoR®i Nt
sample fluid 56 flow would stop, shown in FIG 5B, C, for exanple. [00132]

In the eHbgHcRerialeielsseeend multipppgseehants] 224hany eendugie futhelovnelair ardian

h
col 1'ul ot HiaE hodtam e AP0 Bor e HIUAGEedtion™4 £oF B PR B Eabhssay
par tis cl e&uade,pfot exiampie] iartiab provREs o ihe dispacomyntived ssmpleeﬂindb% sreal ﬁfsg | ayer

40 or open_ to t spher her nd in artlclar

enbodi neﬁlﬂ rw%@rph%%%gﬁeffﬁﬂ"% ﬁ% Giamuls b %ﬂ% aritAg T S&Véﬁ“ 3 3as shown
in FI G SRfbipied MIT8e)sA WOREE 37 oF By hiet BE QIS Qalif@lay temm&lg;w of fhatyhe
vari ous channels may occur. Addltlonally, while reservoir 45 an absorbent
5 are hepiejomtadepbsrbentds bei ng of sufficient size to 30 be in comunication

with a plurality of termnal portions of multipurpose channels, it is also
cont enplGiéd] tTiatdisgacemeat dgoribédoosfanfestlseinribg ﬂbwwrfpmpiecﬂh@ﬁ@bxst dfﬁ'ystbe in

comuni cation wt e u e reser.voirs. and/ or absor,bent 5 no

ot SR p et dhante) Sot Havarin Faitivan GisPRErarmara 4 ks BlaPons bbo

PCT/ SQ0 3?@9:35811 of 28L:33h il Y BA&J tht Qe&Rd |m1ﬁﬁ1§1§§150§t bhR 226whédreltRe isemtigRdi um
54 is allowed to flowinto first nultlgu ose conduit 30. Isolation nedium

54 may Beid it displaessdop sampladivesliso, bt fodBe

second multi;purpose channel 22 may be inherently or treated to be hydrophobic, for example,

hatrin this embodiment the surface of

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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accordance with various enbodi rents of the instant invention. For exanple,
i solation nedium 54 may be introduced into first multipurpose channel 30
via i sol awpoa/os®dd uminlet 21. In particul ar enbodi nent s pCT®GozR@SPl € i n
FIGS 5A-E as well as FIGS 1 and 3, isolation nmedium 10 inlet 21 nay serve a
dual or multipurpose as sanple fluid inlet 21 and as an inlet for isolation
medi um as shown in FIG5A. |In other enbodi nents for exanple, as aI SO seen

in FIG 1, f tio dlum 4rraybe|ntroduch|aan|nIet % inlets
t hat do %’con%e T/ @SLTY & gl act a3 pEent Ad nphise ROIIPILEHEY ‘?j” c

mul ti purigose, BBﬁ%@%olai%ntfﬂfi‘& 5 SOAHEIHoed o LRl O 6 Bhip1 A0 36 i

i sol ation nmedium previ ous di sc ati’on not only
serves tKIGsHal assay 15 station 26 for exanple, but also provides for the
di spl acenent of sanple fluid 56 fromfirst multipurpose channel 30. The

di spl ac doxw{gp KG bhuiegiceda a@icHabRWbb&bantresaipodist, fifat ma§ be Byegmhiathi ed in
FI G 5A, e[V\/n may or._ may not be sealed with spggl ing |layer 40 and rmay or nmay

not contG@IMHNEHERIonarith tie g papserhenerls pHerecte sbsarbent pimsededor the untak afs
in t]}be ff!xg%a I‘Q%ana’ﬁﬂl 5%' %gal?(yﬁggke %ﬂce?s 15?(1%)0 le&fugi"gé? Oﬁﬁ'th%p %’@el 30.

However |s’p ace y al'sot he application of

i sol ati cupph&amiod db4bsarbenttSheays else pabvidsltd lspaeﬂp@sthe ﬁnmgnﬁlass?‘@ statibe 26iof statiens

i sol ation Hld 54 dlsplgces not sa IefIw% t air. Recall .that in
i ys)

this errﬂacnr% mg gpether - pulfiag’oforcesaie, Hig GRiHmpns leﬂéﬁﬁét eFesPREhvafarst
i nher entrh%alugﬁ Wp()%@@ﬁaﬁgelt q?lmfwﬁn@&m &edﬁﬁfSéﬁPfé%rﬂ%l? tmaﬁ&*edt\hyﬁﬂétgg% ah@

halt the sanple fluird at area 50. Upon 1 ntroduction of isolation
medi um 28. 34 FIGt5E thhessg statidnsibd viei bpen m@lankiamldtssrbenhéreanweﬂhmvehmvihg

di spl.aced and thus, assay st ural.ities.th ar.e ealed by
o BF o e swplep AT sataid tSHiar 8y eBlioh Kediinbith ook asbrat fo g
Cross coptardaetaniLlationensiheat s of one assay station with others.
[00135] There are a nunber of methods by which isolation nedi um 54 may be

| ntroduqggh 379 Aﬁéﬁﬁﬁb@éﬂb@cﬁﬁﬁﬂ@ rﬁﬂé" PrbPHE PASRe ARRNNS ol miMEFR A dxﬁdé b6

enbodi ment depicted in FIG Isolation medium 54 is 1nt roduc Vi a
inl et 2lptofthoespardd @esmlayesnﬁmiw if Hepidied 60 Freplf. tHﬁ@efawpsnnonrmbdmcbur pose
channel @ o reservoir esults in.the artlg[ 1§> seal | ng ssay

2 P

stat i on PEURFPOTHAPY ’ﬁgﬁod’l‘%eélﬂ’?f’%‘ﬁm“&%caﬂ%rbwé B *fu?

t henof | Blarhlity @ fabsgTseRivns Mmagtd ih B@ﬁmuﬁiwﬁoﬂ #ith aqmmiﬁuga &a&pa@ae \Wrdth s econd
mul ti purpose channel 22, as indicated g the arrows, flowinto the

second ritlippaeEodenesiardfesxamle ay SomadBpgnd AR )ainto Wh@hémﬁplaﬁhuéé@whw@ t he
L S S e
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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> stations. In this enbodinent, inlet 42 may act as a vent and not as a
point of entry for the introduction of isolation fluid into second

mul ti pur pese3obannel 22, for exanple, as shown in FIG 5DrCIB@G0E6§25F1 G 5D
depicts a detachabl e absorbent 5 conponent, that nmay be bought into
comuni cation with the nultipurpose channels. Here, the absorbent 5

provi des for the uptake of 1 o excess sanple fluid 56, and may al so upt ake
excess isolation nmedium54. Further, the application of absorhent 5 nm

al so pr platiemtd aadsedlingdayeretOs p3 shong iBProgsesayn EiehG-ohighd depigh His BHng apd
provi di ng_,anot h spul | ing! f . | 6 in
Phe r espBlERTErs BB ¢ PR solbSE BN AFERC TG & daRTBUR e, | 1 54
has beenrnibotimegusete pomt iwhets the 2dmplodluidid. astdy FtiGnS ks dehled by Sajatohahédinm
have been seal ed and the absorbent 5 renoved, now having 15 excess sanple
fluid cofftai ned therein. At nentioned previously, absorbent 5 may al so have

absorbed therein isolation nedium54. [00137] Alternative enbodi nents may
provi de [p&1391 He embodbnends whareat nanssolidifiablesisetption medivasS4is utilipeds andisolaiop.

An exempl ar figurati. S jcted . i I : d

2 e hdnmerocalily. ol ABlabler el 47 Mt B -G PP AT PERGE

st at i ongnedhiie pREFofth@oamttixtoafll @slka)nd ittt N Sforayartele) in otduimal sdat affiand isldth a
plurality of separate first rmulti Eurpose channel s, for exanple as shagwn

(30 and aohg fluifietnatiHichannstemsidaniets) frgmdbe amespherfedp dgpictedrn Asiskn vée n Fig
another cpe;hfud Rk QAURRA.voRIhS (Rl rid 96 aﬂﬁg@m[igfg%gfu&ﬂ%f&fexm&ﬂe of

mul tiple/fdifierent sanp fl'urds®on one apparat us. 6A- C depi ct
an al t enjgaidiingdetheatipre0l to duppteks sapenpaciationtduriag PR stdadtheneRbonnat el2Gated

stations, are pravided with a venting hqgle 66 forned.in sealing l.gyer 40
(nott> shawpbaiufs Gealent 67 barbeindgytn of s heErasliarmoniong s apry® Hreid §Pleer o
si de Vi gy, Rfan@ % BRI ol b:dinGAe. HARIonABS As scHdakhlan: ofRit chldcheiBiR@PeEN
to the atnosphere. Supports 62 are provided to support isolation nedium

pl at f or mti@inghipshlifs antl/epadess, ovany naefetreheambinaticns Shis psefarred thatrdidiBdland

def i . ' i nbodi | ui hs introduced

Motont: roam e siTskBe TR R vE5 RS IR e gRRB f ot TBLLS Tt Ton 56
ia fi h | 28. . d of fl.ow .

1 pupbRF iR L et ARG oelepiatint el HEE R ion o

st abj ONGeddin YRkbriA%0 i@ a6EMIIHadbh® BssHL fthtiBvend 56 H8EPednindved t6 B exemplary
Subsequently, "isolation medi um 54 displaces sanple fluid 56 in first

nul t i pumosisen eveimasdy stasianethenes! 2fo e casiain ¢rabodimpnts, spbidifiphloswealaeh 7 may be

1 O0UGRoL HRRN0 Aol 80 190 ARCADHRORA i AR e Ilochlt 830 siicielehred

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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WO 03/ 035909 PCT/ S&2/ 00252 platform 60 and sealing | ayer 40, as shown in
progress in Fig 6C. Fig 6D depicts this filling and sealing process froma
cross secwbonmBs9s? de view of Fig 6C. Fig. 6E depicts thisPeTsSaok/ar?

enbodi ment at the point where the sanple fluid in assay stations is seal ed
by isolation medium 54. [00139] In enbodi nents where a non-solidifiable
isolation nmediumb54 is utilized, and isolation 10 nedium 54 does not
solidify, a solidifiable sealant 67 may be deposited all around i solation
medi um phasdcondrsay staiio eitapnell 24 andstaps sdiapent tnthetsecopd mulgpupesmiiaanelizg.

order to, seal off and isol I e fluidjic t.hs. I ts
from t heUREFHYEY eF‘%:QhOé’gl erlf)[he’{%g{q ﬂgg 1@{13&1@113111&\&?,%1 g?f}ng%gg‘gﬂ‘%ﬂ?%l@ﬁt"g‘!h? or 2n3
a fixed ol HaRn(bssamhs 30| Hisglab& angld Hak 35 vanctdwds wot Béw ifitorthescaond e) of
l'iquid inside Phe chip 100 to suppress vapor generation during PCR and

ot her r endtipapose cheheal 22akie 16 theatifeicagas insurea charpcteristics Repyeeen §6q08i m of

wax, hot-nelt conpositigns ..a (Y I Ui | QL %ﬂpc ter
for exa%ﬁﬁﬁpuxﬂa%ﬁ%%@?&n 1Jthhsies si);lei’ §yégg éagct) a@?#%%eggdnésg soa e ac |ev%d
uti ljpzi ney&8pslic). iTes RGN thalssrsioniand patlalpesliey ofehe asapitation dhvialthe i s
preferred that solidifiable sealant 67 as well,

. 5 : caﬁs, lggls nd/. o val ves
endur e tistepfaschativesy thp sersplgibud S¢ opthe rg@sey Slafign Ahame ?‘?Cgthﬁéo A8t her
exenpl a[}%{?(ﬁigng?éqg%%tﬁrgpmhﬁ?ggﬁsggﬁgmew e, isolation 20 nedi um pl atform 60

[

i s not assay on vent 66 has been noved to an exenplary

ositio td . | 2 | in- i
Cort ai Mg E BECER 100 ANt Mo A EPRAER N Bond
(not  shaowtibfrpb chah®§ 201 fWdvs tierehropeh asbdéiyplataatthoair wéthin, 6Ehe fsv vkisblation

outlets and inlets 21, in order to isolate all the fluidic paths and
provisde macdipmed tionghsecond mylipyrposechamich P17 eermplstss dhe 52608 P e&f%%&%ﬁér e

and thus, aé{yg{qoﬁgd Aasnﬂéﬁ{on%pe'v@a{sfﬁ i Ko theRfun? 84 bhalb sl SRAPE @ark ! Ui d 56

i n assays ons, for exanple). I'n particular enbodiments, the sequences
of the fsubsthtipllpfimadsible Withuort &Bthendhissgobdtlingra sehiudt poBus whgreithayaneasosuch

[00141] FIGS 7Al-7 depi ct an.exenpl ary sequence. of, fill.ing.events. d,n
these ex3fBPwRin ﬂqoz(t:‘d” IW*%Q&?@WH%S@%‘%@CW% qergﬂdsorsf%%:ogr{ae&ég%aslﬁ
channel , 328 n@t@éligﬁ 2R MBbIuRNnasD IANuIEHabbREhdkhels T0Bxe] 31y doragXbainbleCa solid ace
characteristics, ile second mul tipurpose channel 22 has a 30 hydrophobic

sur f2ace. sehlmapabe utdlired to eenbd intety eutletn of|themmultipumese Fanngls. sueh # pRJid RaydsT 40
| t ed b [ ti | i ' . [00142
L Cs 7 DEYeRtsvaBgr cenBriidR e egg%ﬁn&%aor%%{lplgsﬂu?d by g{}ﬁglﬁhggérg%éh!ﬁﬁe%e [ ]

( eprct an ex wand 1 equence wherein
AP bl RSP G ARG R B REHREPSr S
station ghappehd Z3apadiassavnlkatd BRt 2led il sdrhslagluid§®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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33 WD 03/ 035909 PCT/ SGD2/ 00252 the second assay station channel 24 and
stops adjacent to the second nulti purpose channel 22. Subsequently, as
shown i n Wbo@3/MEbos 0 7B4, isolation fluid 54, having been ipatrrsogdze®@d2i nto
the first multipurpose channel 30, displaces sanple fluid 56 which does
not flowinto the second nultipurpose channel 22 due to the differences in
surface characteristics between second nul ti purpose channel 22 (in this
exanpl e, hydrophobic% and the second assay station channel 24 10

( hydr opRuifaeg)treatrnenss tateifar suifpee ansrgiesinduiisrachons itk thedsolation medjuey 54 may
assay stati.on 26 via t I nt.ex tween the sanple fluid 56 in the
first a S§§H§?§Ofgﬁggﬁgﬁﬁgéggs&gggg?ﬁg'isolation medium 54 in the first
mul ti purpos annel 30, [QQ143] .In FIG 7Cl to,7 i sol ation i.um 54,
navi ng BOBRS) rRegatieads i Blkied SHelie AT A THADoYS i bPthe

t her et h; QuahnanchidhShligeate Miifirposdchiimls iiAtealsd B@izetis Oh &is mpls, medi um
54 through second multipurpose channel 22 conpletes the sealing of the

pl ur al i symple thed &4¢ isintioduned, asaborermnd dvle dsyy siatiougdb.yor & pdelakity Bereatdi um 54

and sanmple fluid 56.are substantiall.y i scible wth on 0 [ us

o vl a Roscathif. TR ettt aPat biioeelong 3y etbbiBp SRS PRRBIRS 5 S,
exanmpl e subseqiaitllyi cttddamdoripetinieives andier silidifiesiothat pavidieg bssay Shtiogholes/inpot
solidify after introduction into multipurpaose channels 22 and 30, far .
exanpl e ongoktheirgides sepded byrayolisilied isplafien megdivgn 4o xgmpie | Bibsp@ighilBrisolaon ne

mul t'i pu i i: : t] r
expansi Svonfn SATAE e SUAE 0P Ryl RDELRE, 1B RISl BN AR A pRuR
7Al- 7C- 44yiBphat canduexé imd dreyoppesing mudtipdrposeicharmephnd mby by safseqsmtly cured
stations and assay sfation channels are first fi d wth . sanmple flui.d. 56
and 1y bed ety best itk n S SR pEaears A i & SORGS Hheen g flling
sequence, Ly dth ohe LBE oPterl SRBbULREIBSS AXIRHAL IS e A6sad 2tatBYs BRI dHahh&Sl arel N
FIG 7D 1-2, the filling ot a plurality of assay stations nm

be
acconpl rktasly filldderigh sanprle flualiibendlssmyed ompnonde withd sabs@xyiailmmd@d g)d solid

| ed whi ] till oth t at : h 2|
Sl o MG el e PR B0 Seoh M B RSPl el
| ef t - mogtul@sispysesdhahined haztheaitcorapliyd OHHANE bfeattt €orad bepeysutd bpdmdsolhtidh

sanpl e solution 56 and sealed, while_ the adjacent assay station and assay
chadhel sediun pfapplipdsgeonsiary. gathe sample Sud Vel rgpaindn pssay stetion? 54,

T . . _ . T ¢
ese Vgﬁé&ﬁ‘g&%ﬁg&ﬂ%ﬁ ﬁggﬂl%ﬂa%?g)i (‘{I}E adfRin€ ahlu% gﬁﬁﬁﬁe@‘f&q}l@ Yisd gﬁeverr%ms&gls 0

the intro ation ne 54 intot first and" secon
mul t i puisotsienahatimas that mag deduiienabdsyrizatiohftebeagpliatl imppler tatthomtoflowi f f eri ng
types of isolation nedium 54, having different .

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

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

25  During or at the end of the amplifying of the targeted DNA, some or all of the chip 100 is
illuminated by an excitation light source 500 having a wavelength spectrum required to excite
the fluorescent dye contained in each assay station 26. The excitation light 502 passes through
light filter 504 where it is reflected by optical half-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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flow characteristics, into the first and second nul ti purpose channels 22
and 30, respectively, may also be utilized to control flow rates through
mul ti pur pege3obannel s. Furthernore, differential 34 WO 03/,P035@0%00252

PCT/ S&02/ 00252 surface treatnents that alter surface energies and
interactions with the isolation nmedium54 may be utilized to control flow
speed, for exanple. [00145] In addition to the filling and sealing
sequences descri bed ahove, reversed filli of th i sol at nmedi um 54
into t hdOWAT] i Pihepdasechim A0Mhisidumpted) @’&Hlﬁg‘%htt OIS 500 PRIEHIL H%fﬁ%tﬁﬁ‘?ee,

sanpl e fd ] s Y @ fHlelak iy 38245 56 8 daiibr? Bns B2 2
pl urali tdy}lldhgg‘?fgoe .Séi(g{%ﬁ%gsgg%)e%t f?qﬁsao gt&l@on r?élcgilé‘amfsa?h ?s ?Entroéucélg ?nto
one of tBeforeuhd inpagediade S20eaciels sheecathdrs lens GB2 dtpessds| throogh &tteahld) that filters

pol yneri zed and/ or solidjfied, thus providing.assay. stations havin one of
their sioysll gEsf ﬁahwdézn ctHoatfsra nagrey %Heﬁ‘trP‘BrP%ﬁ’ﬁE‘i i%lffeﬁa %P%Tilardéﬁ@%&t dyeto
Subsequeptd tlﬁr%dgﬁ%lnﬁtré#m thd Bl él5&@@,@5&%maﬁ%ggo&fedwiﬁgéﬁia@% or below the

conmposition t the first Introduced isolation medium 54) hen

condoct etlip Hi0p altheghphosinmga ARifit shownpo $EGAvdridl batwvertlye dep $0bhsAeakoih jn

d1 d/ | i zed/ sqlj difi Thi f le fluid 56
ond 1 soliP b iTRAR aifPRRe At gV Ar b s P o RE PGSR % BV L eatly
i sol ati qRerARAEHIB or SR eﬁﬁlﬁﬁyix%tﬂéée@@ﬁaﬂb@n%li%%oﬁqﬁé@d. hé Badbes bid | ed

with sanple fluid 54 and bounded on one side with a substanti al Iti/1 seal ed
and sol iadalynes for phe fhessescenipnrisdion mrnsity et bd decatiomobsach esay stading, the shaneiavd
medi um 54 i.nt o.t,he second | t,i,pU C el . ! Lshed. ..
i1 71 AP SR frod bR RERE SANRG, 1HR Y IBGERITAT Aisiiep

secqrdarahl Matagfodddsing argroatrblled sl mharddwasnainirol coranaa)s2dtvellitlofs cdanevie ssay
channel s 24, 28 and thus _not subject to displacenent. This provides for the

use of vapgradkpennertenpsh asiotacicomsTawaCoOREY! SYEEH Y18 By reeaRerto %S 3 o o
be appl itﬁéiﬂﬁi'a?@ﬁegﬁ[iné%stetrﬁ'gm Bﬁc&ﬂrfé\%o 99146] Now turning to FIG 8, an

exenpl ary anal yzer systemis shown. This exanple is particularly use fully

when utighdzi - .
Bur i ng QOESTIRSLRURE 6 N6 S: BR8R{AA% SR el bR T o R BRI ol e
t he chi pyst&f. IKG 9 sHowsiarsahanhtizybleck dixgiatradfi aosysteingihtwisdua tght3@amh swhidhgmay
wavel ength spectrumrequired to excite  the.fluorescent dye contained in
oach0 as 34y SUPRATCIAG ESAUPRat VBRI Py FiclGHS" PECEUE of A BUGHPROR: ght
filter SR, WARKSt Idast ochea&lal 8ti6H fldvh GREL &gtmﬂﬂiefbo@aofd@r, ﬁ&%%ﬁ@ﬁgﬁﬁf&@%fed

light 508 passes through transparent wi ndow 512 and on to e assay
st at i onsompheendgs)t ilightehiged Homisoursa SBOSed angxGdrtian besrs pessas tiraugh 4 bgam

h I ) I h | i i d by. |
516 i GonpeL o GRoEEodre ke R e s TR e R R R L

the chi ptatiBR. Fld¥escent 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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encl osure 514 al so includes the tenperature control system 516 and the
fluidic handling system 518. 35 WD 03/035909 PCT/ S@02/ 00252 [00147] Wen
t he chi p wOM3i035909 | um nated by the |ight source 500, caneraTd&odedszts the
fluorescent em ssion imges 520 fromall or a subset of the assay stations
26 at canera lens 522. Before the inmage |light 520 reaches the canera |ens
522, it passes through filter 510 that filters out all other Iight and

only all ows m ht emt fro h r t dye to
pasg thrl%lgiﬁ?aﬁgv'tl Sacton Sﬁé aeéé@@ agﬂﬂgﬁegrcswﬁveg%ﬁsaf%é @#%@Tay euLawrdi t hor
above o 538k t

and FI G abo e e'?:ﬁ'e caﬁilng@g%?&gg@siwg tég?%ﬂgﬂ@o?%%é@% I Hl%gﬁogirrlgeof
DNA, t he3feflbebean colimdier §3@rdanbrrcplato-¢dmeer trbsabr eamktantdyer itebn alsolbe aor
after the I|f rocess has been e | et ed.. The i nrages are
el y2 e ONORRHRE Of PG SERR CBRPERT oA S Py S 4PPENE SCBLRETBHER @ieH
assay St} Oﬂftext ﬂ“@at%ﬁ?sl%@ tlﬁ&ﬁ’gﬂ Reat ¢MhimeHor 552 1?@@@&&%? ARG &38R mhidSrovides

em ssion intensity. The entife Imaging, data acquisition 15 and data

pr odessiengitaiion vwntqngthl @bbcbyn @gh@medmheﬁlt@o A4 oomprseputagrofBRditatioincnd; s

Cyet om St Ry EBIRGR L ek OGS i Yor pPuloup Rkl BRBCRT R oI &0

connect gB4 5&Obe b QR:LASBhokt faSs Alta@ndvik@ d dukeff iwaaéien &l il & pealldiaifgrRiENt  Of
vari ous conponents of an analyzer system FIG 9 shows a schematic bl ock

di agr amvevelsngthaifdhs dye- vitreferabay laingin ofisberpasgrilisns ofethe carabinatien eforortinges an
exci tat igon, Mcf%llﬂeg%g%(nc‘é‘ it Qretﬂ%eaggfi% E)f]ﬁéf eS8 Taﬁ B, Qi}ag% r%f){]%gésg 9{1@% ﬁ*t(h L\ B

illum nates a one assa fomsi es or
and 1€ deem@ﬁmﬁv@esrgﬂméquat ﬁnpnahenﬁss)on whgikngginof the dyé, oo em &nerferendIferagittan

excitation eam s through a beam coII| tor 532A and a filter 534A,
and t hefe&f |W@é1§ ‘?‘c?qéﬁ]itﬁpigbelﬁ’éﬁoﬁd"aé{? epsfégqﬁ%%%veassay stati on.

Fl orescent em ssion fromthe at | east one assay station are inmaged to
opti cal [Q¥3dbrTwamets Figs. b iapd B depintingipagficalas embrdineatsaa sHEPIS pXmpazaion

filter ﬁrékécasﬁ’?%? ggg{omeaadggg %'366‘ uﬁ'c%ﬁ&éc‘ﬁﬂ%kxﬁﬁhséxﬁ};@ﬂxﬁ&?@ﬁe{rﬁ}e 56!

t her nal atvvo I rensi onal transfation stage 536
i s conndatednple pnparm:mmream} mlay bu bsm@rlsﬂd A rtidud compomint dapepdihg Iup51481e

[00149] FIG 10 s a sc ematl di agr of stemin which a |ight
bearfi | P&‘f‘iﬁcﬁéf 3’?6 tasﬁaéfég?’e B‘H]e %Q} at?ori %‘HP‘%tH’é"}gft‘iS’H‘PrEFﬁﬁﬁmB% tted

from soyrgars3Alhatbés Basd Ahh@8c @Sﬁ%cﬁ&ld}?&ﬁﬁ%&ﬁr ough a%cpﬁﬁnllﬁoﬂzﬂ thipt or
532D and a filter 534D is diverted by dichroic mrror 541 and then strikes

on chi phavo ﬂF—WLF@Fl@QH@Etel@mﬁfE §2 sncampnmnigetionewih igete 73 98 y0.s Eithéren inlstsi Raged

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

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

25  including buffers, may be 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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optical sensor 546 by optical capturing assenbly 542B and filter 544. A
PI D-controlled thermal cycling assenbly 538 and a two-di nensi onal
transl at iwo ost3g9e9 536 is connected to mcrocontroller sulpsysGon®@sd t hen
to main conputer 548. 36 WO 03/035909 PCT/ SG02/00252 [00150] In FIGs 8-10,
500 and 530 |ight source can be | asers, LEDs (LED Array) or Lanps (CWor
pul sed). Beamcol limator 532 is preferred to collimte the output |ight
fromlight sourc 530. .The beam col] i mat 532 can be_a pi ano-convex Jens,
for an THUSEhdeirtheFmPEe, aix RUAPSE 4idaaning by ra iy oulep afey Do dpiereq by “fish
conpone Se&m”ﬁ&ﬁhﬁn§ﬁ§ isd enses in conjunction with optical fiber.

I ?g‘?{‘? S roug SO&LS

Af ter passes t eamcollimator 532, it is filtered by filter
534 whi P o_excitati vel k ' it idier
544 compVIsal a0 R RS eIt E SERL IR LS s 1
for cer tial emshiEmeftashoexdnIes 1{ AL@KIES CBht exhiaipdd, $f PO exferinicats/asbdA acato e a
single short pass filter having a cutoff wavel ength equal_ to peak

exci t at FEhuPoRdhe chiRgf golytion havipgauclee aeids tsrgm mey hginroddedipigrfanples filters
of the conpi [ : 1 Jiexk ' : ' e
appl! e P RSB RnBi GRRVhe FR5 rerh e S BRGUERL RO PlakH i BEBIY
wavel engtdpartjoalchimbge@indcwigdngn i ieinendidedoftotshapktypegpacatioarchamber 6 erthnce

filter wpith central wavel ength equal .to peak .en ssion wavel ength of the,
dye. | OBEBEYT RYTH heloFe! Fidalngss KXR 0 BPErbR BT GE puting BIEr (e th eserr a
sanpl e pyeRand bRBsurdbe E?r {8y, f&eexﬁfn%l/é. GRAoMRPbrRURS FatLin3s frdf cdhidinet
connection with sanple fluid channel 20. The Sanpl e ‘preparation area 78
may be 86mppirgederodinpeg wishingbulteo msileche sanaep eraparagion ghambené 220 cpamntel 881 ar
type_of .assay. to be.run. Accardingl one odi ent ..may_conprni a_.sanple
or ogar al oA ansere s U Rt D rag) TS SraR SR b B P
lid 74. wakid). 78higRdsultb &Y theahukle@mctBMindihg tovghicidie REa isoBRioh Bompsmanaizgat i on
with inlets 72 and 70. Either of inlets 72 and 70 may be configured to

recei ve [passPpus os@rib eRRSnSdI&b adids frbMShuRiS M@ idoRitidn combbRht $39/aiirb@Rbedand
elution buffers, respectively, or one inlet may be provided through which

var i ous ampuitad eluion; hrdfands mweropurer ents sample nsepargttanchamber 4 vith phingeseatps 80
prepar at | e . B i i g, .isolati .
e

par to cl ekanilier $i thiptish bt dgkseludrn threxginmpicisic add ksvdationi condpbena 79 andaad chghrlehyer
40 may be provided with flexible partions, 90 t hat y b c{ef ornmed, for
exanpl eS8 BEBIreAcHep mixan (compeiRingdonamah Operigandpe WogTaspHY g or
pl ungi nge AMILANS '%Iutio%sso]ﬁi%m)lié EHif shig3Raandwdd to m%QwYé%l% SSREERRRDN RLR

N

flexible portions 90 of sealing layer, flow to channel 20 or waste channel
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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84, may be stopped/inpeded or allowed to so as to direct fluid flow to one
channel or the other. [00152] In the enbodinments of Figs 1 A and B, an air
punp for woro3jssvg? ng of washing buffer left in chip nay PeTsGokH®@SE and
injected by a "fish punp” controlled by valves. 37 WO 03/035909

PCT/ SG02/ 00252 [00153] FurthernDre air punping of washi ng buffer and
elution buffer may be injected by "fish punmp” controlled by val ves al so.

[ 00154] Typically, sanple preparation may be conprised of the follow ng
exenpl ar gﬂndtuépghmrchamn?@ @mwdm@a@m@ﬂwd 6 thepiggay entar BRESBY skEPN &GN e,

| TR eaRag) TRNLS ASRAYB.ALE 9ol oo HUARAI L1501 Prn AeS9b I, 00 BBV N0,

nucl ei ¢ % rovi 0 ‘preparation chanber

havi ng | Sadap?éﬂmlafﬁéyeﬂlch&ibﬁﬁmwmg e sﬁbs&bﬁa@says‘stdtﬁm B ﬁdmmeeﬁmgaiﬂﬁieeentrance
preparation chanber 6 and washing buffer is introduced jinto sa

pi epar at Podpcosd aatsyrchansgl 24 ang forpyag a habhje samplg %édv%ffhmﬁf%ﬁ@w ne/taw@%or@o
open to g J'dc% {nﬁ‘eﬁ a0 laQ%lfn% %13][31% HNEPEEnt PR :@phﬁ ch%Xdﬁ $h Bds¥ )ﬁstgﬁ&??&'{ e

or by vacu or exanple one may punp i'n air ronfc ipinle
86 t puwieout bubblaifogha@sahi ng buffer i nside the sanpl e preparation chanber
6 and channel 88 15 into waste reservoir (not shown) via waste channel 84

(or vacupolseFigarai Nd¢getbuhbtBer dniBodimsASE 89say atidn Qesﬂbies sdcind B3ai dBAriet
aci ds blndlng to nucleic acid isolation conponent 79. [00155] In order to

el ut e nudd s @dizeprido ithadhavisledinerizonaldizd Beyelrd prionddrpeeidats foncomplaiedsalationsd
anount %ecﬁhlﬂtsu%hhg 8%9 g& gfilﬂﬁclf&g&ég%ﬂmg@f %% ﬁelﬁgt:) r g@ﬂg%ﬂﬁﬂlé’ﬁ)rﬁﬂﬁﬂ?ﬁ{m

w th plunger valve pen to vent air.
Air may ibey ﬁmmnrmdlulcﬁfﬂows@aﬁlsharpr%)ﬁaombnsandEé)seojfam:mrfacﬁnmg Fast) ifadetodche

eluent throu cid.isolation ent 79 a t.o channel 8. A
PR PeadtTBRRERT Gand o5 R SecT e AR B8 Cumpe SiPd SR h gHat )
may then, d%h@gi@ﬁsi fo?eﬁirﬂﬁlb%nﬁél& fd&frﬁ?&hll&'lﬁd%&aﬁsﬂbﬁﬂr% 386n ARfnAdrlsa¥Rthat 0 M X

with the eI ution Solution, now containing nucleic acids, thus providing a
sanpl e fdeedrd. mmWParpfosmhlarmle%)Z isgikposadijo the applirsidréatment, swhk theppplieatianiofa

chanber nd/ inlet 86 and r vaIv 80 close d Iun er valve 81
55 open P80 APt innicaRie fhh AU w8 ni b aflP BE0 A0 P BV o
assay StaRtdywhanndl 24 isaraek @orfth&lalﬁblféhmﬁtﬁien?fb bellegtrisRand eelhg upﬂleﬂ&)mlﬁioso flow
to at | east one assay station via, capillary force for exanpl e and not

r equi'r e EFIFRIIPPEIOSHehasnel 27 Tadeg bevst blkeroxides fy ppancraased tolerageedrtheons

cont i gur e o A o e e B e L o B o e

with fl onmgerodbhet ¢qagn§ﬁla&ytbemwhc®ento Tieemen adjycebtthe sapmidssshy charmepP4ipad noty of

nodes 37advérrrs]e }Sf%ff% tgg wy fi ﬁgnrgue?ntd everﬁual stoppage of sample fluid 56 into second assay
channel 24. Additionally, having such a beveled portion allows for improved flow of isolation-

25  medium 54 through second multipurpose channel 22, allowing for controlled and smooth

displacement of air in second 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

39



pronote even flow of sanple fluid 56 into the assay chanber in order to
prevent the formation of bubbles within the assay chanbers. Flow pronoti ng
st ruct ur ewormap3abso be conprised of colums and/ or rai seedcprsoheb@sances
that may be fornmed upon substrate 36 or sealing |layer 40 or both. FIG 13
depicts fluid vent channels 110 that may be forned within second assay
channel 38 WO 03/035909 PCT/ SG02/ 00252 conduit. These channels help to

divert sanple flujd 56 that may enter the assay .station too ui.ckly d
run al or@ﬂ%ﬁeﬁn&@ ByrUSYiar r%ﬁtléts?orglgm&é»ﬁf@ﬁ%ﬂl Byidamnic :6V¢mbed%qeaé?5< feseal
prevent Jhe «3aRRhE chhttcts $6m MbGRifiEbsé BhrdkRNg the sides of assay

station 26, fromneeting at the entrance to second assay channel 24 and

form ng . i i J i A
channel DAY Bure Fers s P sk o ] a8 88620 RaRMip an,
assay Staatah@dnet® of 4t leamifirktemt] sbeodlreulfi@irise OhannEBQAd prolvidet g Ukideds#ofkefsad S
anot her enbodi nent of assay. station 26. Here, second assay channel 24 has
adj acentstatini2p 1psigwesd i8@ pesittangptemediatpheisiesn a fsstiand secrnd yHERrpess ghgpnels
compl.et e, 1sol at j:op-= nedi f j 22,
Fhor oy PSR BomBRE bR focrbi e A o R3PS PR S p
90 cor newgfacndhamateistts cranutixe tacomigetida afstsaniple SeidahatethBough ivthilp sequasle

channel 22 .has its surface treated in.order o inpart. desired .
char act dRfLp§pese aapelad may heve s ebpbic Stefpoeschabistsistis tek Synof condpsivedp | y
| ai d ovelndwiioh bBsAnSe fiuld ﬁleF@Hx%ﬁgh.S’FHJ‘foHé@/tsurf‘é&%@Pacf&'ﬂsﬁéspdﬂé ﬁﬁﬁx%fe@lgﬁﬁf'%

22 is exposed to the applied treatnent, such as the application 0O

coat i ng.repadeaele fluahpb reditdtain ioh thhessayesiations36. netsap statistachanpels 34 dnd @8, 4so

cover. over, secon ssay, chanpel in order f the a ied.treatnent to
o gt s BIEE e AR sARLAR ffereBeBh A8 coshlpotdiond BsS LitrRh Faibss)

Havi ng b edzeddeltype @vdsdascticial eshfighttioasathditloartarieulhn kerthit@culadg! Jigat i on
of the surface treatnment, for exanple, such that if the |aying of the mask

i s not exepwectiogahghape. t he coating may be applied onto the area adjacent

the second assay channel 24 and not adversely affect the flow, filling and
event ual [08k69p pEryamethod afgelecting digeassor assessivg dendskasislisease plthppiesed invention

Addi ti - ' [ ' I f
sl at | oAt KIbAHE R nBR S, A%D s oStfolt Bloot BBt YR BB B 1 o1
contool laathddotaained fronda sylljest e Befire dfe adhlysiseaskassad sttibh bp thephied i

22 and reduces .the.likelihood qf bubble . forpation that y occur. as a.
resul t mﬁl@%é@f&ﬂ%éﬁlﬁaﬁwgﬁﬁ PS@%I%R{O% IREA(D; meaggéssawé%%}s died.

meet at @ EHEELHGOLPEhe DRUS gm@é aHeRt @ihﬁek ihrmﬁf%elzs_s&ogtaﬁa&@,%'oﬁgggooglier‘?g

Figure 15 depicts yet another assay ation 26 having an exten
assay cHZmimedsay 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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30 28. In this configuration, sanple fluid 56 that flows into and fills
such assay stations is not subjected to the convective flow that may result
in the flwao3manpl e fluid fromone assay station to an®@CheGoas80282r esul t
of heating said sanple fluid within assay stations. This is due to the

| ong circuitous path provided by first assay channel 28, which results in
the slowng of the flow of sanple fluid 56 out of said assay station and

| nt o th i 0} r A 52
U5 Ahgebr R OR lERAs el RO SRR ITTARRL =2

be neededd puirs}sthabuffaxsmayarsémpﬂy@hamh& IChaidrehpldtelg filk dbamivet 11, pEposies of

channel s. (}/gghuﬁ gure 16 depicts anot her exenplary. confi guratl on, of an

assay sxga%eﬁ 8% I spidatle i themethpdeptdhe P@ﬁeréitm‘feé‘&@’fl igcydgs buf g aeddibpided
lti-
mul ti p('th a0 %Erﬂbiﬁad?&ﬁhé dlﬁ(t)% ngggﬁ Gy a@}éxt %\EgﬁEUBQ&e%§IS%§°§’£0ﬂH§&réﬁt |d;53(5%31§2>se

situated i a position in first an
channel s dfandred 16 $s than féleasdd uﬂ«mhamnbmﬂ 2 m}nrongiedxémsioh chhiarets, 14f IDNNA contained

mul ti-pur e .channel t ernal acteristics conducive to
Condbict TORTEF GO8 HaPls RS By St righ] WhmLbeBeao e Pt purlfogeposs

channel cZzn8E30, hﬁtms@ayfyﬁfomh@meq:zguﬁdés% &aﬁ&@@@ eristic that is not
conducive to conduction of sanple fluid therethrough The forces/surface

charact gmﬁ C’Isheacﬁ%taitcé&@ﬂt KGR &Qgg{egﬂgégnagﬁg%% g'n%hg%s?ﬁsas eﬁ%?' nit

in the assay stati Assay statl
t he ot héufferhdseletiey medynhsd/ s iofebied t}em@hjdtaeayt ocrendfi pouts @) Ahmteehahnes 30 and

i ,.elll d | - f
RO A B AT R e L R A e A R G
The gret by dphaée-d@a&@ﬁ{g st Stﬁé%?all‘?rcuﬁa%iseeﬁcﬂyrﬂgr ﬁchﬁd rdr iferfRbiofl a%tf Bur@blet he

present invention onprises the follow ng exenplary steps. est sanple
of whol golpmgvtquitlo rT@aﬁlptlen nfednlm wma® afah nkeivated tompeadinedbbroabat $00jEct .

st o eI RS L ASRReb Bl Rt % 1Tl

st at i onwhen theiisslatiorSmetings & wa, the Wakds breoeatddNA aaci@l 2 e seiatire, Blte AN al |
of the assay stations 26 on ChIP 100. Each assay station 26 contai ns at
S

| east of&diFHlke Wax gpestt tovpindtsselid phaser Sloweyairpiher matgriels like dbgimebeurabls
priger Saﬁf‘@V%u?ﬁbl@r%%&%?%figﬁﬁg g%tatla%gx'n g]éraﬁ&éandb eref A0 hRld nf\tegfégﬂid ty

of the test sanple ai ne e subject 1s provi
t he devihgeedyresprg-henimpedtll assay Fhtonguwanplatced iofa thérowd cmierpind salppéted tb PORt he

R e R v
wi I beGsdehé PebREHing AssRifpdsaing Wiléy-IdterbienRS RN WS BOShs, 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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provi ded on the chip. Typically, about 0.01 ul to about 10 m of sanple
wll be sufficient to carry 30 out the nethods of the present invention. By
"appl i catworv3/0s3909 appl i ed” is nmeant that the sanple is proTisdeods2t he
devi ce by conventional neans including injection, electro-osnosis,

pressuri zation, or vacuum nmeans. [00162] A gas and/or fluid is injected
into sanpl e preparation chanber 6 via test sanple inlet 2 exclusively with
buffer inlet 4 closed, or else with buffer inlet 4 initially open until

buf fer i mjeetiot 7Re MBI 4SS BRAIBSH tenigeZAe 2brtrolis§steml th Pefordh HRFfmMYyElnd t 1S
cl osed, to 'pq%;tge the el ution buffer containing released DNA nol ecules ~and
push t hereguifgdder PeRamplificaiien olchNApseleadesand conpl etely fill chanber 12.
Exanpl es of gases and/or fluids suitable for the methods of the present

i nvent i of0i6fd| BAAMBLUE are not limited to air, carbon dioxide, nitrogen,
argon, or a purging liquid like oil. Aflow pronoting fluid (FPF) in
chanber [06166 Aheremplasasethod of prephdupie sadple And s@fadting DA Goncihenael s 14.
DNA cont ai ned now sanple fluid) will flowinto channel 20 and

m)inauffer {] W / _

furt her 15 gi{ustepter 4 the fpllowing exaraple, exgmplaily dhustrpted ar Figssh{: st ati on
channel 28 and assay station 26. [00163) The digital canera 32 detects the
t i melowhel§OR47l $ﬁ§1a§@8§m§thﬁi5m626 are filled by buffer. Isolation medium
54 is injected through at | east one of ports 44, 46 into channels 30 and

22 to fulPp1es]i $damplaconenanpmeratessamplziiegl wholaghiod), is ngedtaiintt saoplenedi um 54

typically can. be.wa 5 0l | ase- i.n | astics, thernmall rabl e
pol ymer %chfmqﬁ’? cg?mﬁi:rté\ggs?sé Ff&p § E?@?@ﬁﬂ%ﬁ?ﬁc I‘ffb‘Wh'?rStqpi G i%a ?‘Chf%vé’f%i ol ation
medi um riegmE Rgchals pess@iRAVish SAplIRFPAIHE, Or §ROMS aR%Meh (4 PRGumMS BorReRhSRlIyNY
and/ or the chip 100 is in _an _environment of an el evated tenperature.

Typi cal I%S?}lefa‘\%gﬁlowﬁa$5§%¢@<t3]dn mediumis wax, the wax is pre-heated to a
particul ar tergperaturq, since a_ nmediumlike wax does not flowin its solid
phasié. HBNSIErStepZhbysingréelisiand birkding ¢fdINAl oncnorerisl glag®laokB UV cur abl e
resin are in liquid state at a roomtenperature and therefore these

mat er i al[801§6] Ceil lysingbiffer isrimettedintmspmpt prepamtiyn shatbepbsviaintetgl a@iidyiing a
thermal .cycler a subj ecte o PCR . accordi kno net hods. , See e. g.
Ausubel e PlseERpTHPLLE ofd s CFTE ingRpisiaa LY SrBg oo b a s e PRt ng
Associ atviifite28llk, Whd Byconit ispetided &fthe haiiy B ¥orfkaiROd $n sabiPié YRpitatidOGBmber

i ncorporated herein by reference. Followi ng DNA anplification, at least a
porti on %f the device 25 is illuninated by an excitation |ight source

havi ng a wavel ength spectrumrequired to excite the fluorescent dye, e.g.

f | ugPesddl] ébmm@ ¢frthe gelhlyaimg yfer conteprplated byWeapreseat inveativnrist i on i s

erforned, canera_32 detects. the_ fluorescent em ssion i nages from each
gs say stati on?§6. Feylysing o%red blood cells (Buffer A): g

()  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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fluorescent em ssion imges are analyzed for: fluorescent em ssion
intensity at the location of each assay station 26, shape and | ocation of
t he fl uorwemenssonmage and the em ssion intensity of 30 tIreTiSGRAYEI2SN each
assay station. [00164] The nain conponents of the anal yzer are the
fluorescent em ssion detection canera and the_ related optics which are
avai l able commercially, for exanple, from Hamamatsu, 325-6, Sunayana-cho,
Hamamat su City, Shizhoka Pref., 430-8587, Japan. The canera and the optics

system 3[0617411'51 part 86100 mﬂmﬁxcmsunﬁewqg@di@rusm tdM SUHCIYpshdhdngll | ng system
for liquid / sanple 41 WO 03/035909 PCT/ SG02/ 00 52 5 injection. The

anal yzerhYérQ@blOlﬂld@] (il &8mM TEnpid6abur e control systemto perform ther nal
cycling required for PCR anplification of DNA nol ecul es. [00165] EXAVPLE

[ 001661 [MI’EJ]{ eSymhde yamﬂbdnbﬂnﬁ:iedpniﬂpbzsing@uffbtebesfaﬁﬂvlemgdnj&cteﬁﬁmasarhpig DNA from
t he test is l.e, exe

I d |
1] st r dreat n?bagbérlé Uﬁ}erllggq%o 'fﬁ?%ﬂgﬁé%nmlgwﬁoﬁ?% the{jgsing %5 T 00168]
Sanpl e, sm 1@2{%& BatB&l6 AP thRugh tHehdss bmcfa@ql)due kStheRbSSb s bye

sanpl e n chanber 6 via test sanple inlet 2. The injection in
t hi stost e:bscn'ha:ntlﬁe)r&y Vel Wenlﬂmhse@aumlwsmsebwgh thatglase blackgit| DXAy

punpi ng, su tion (a vacu S canve ner at ed bel ow

ol a0 itk 5% {58 s o i P lepreih o B et

por ous Qﬂlcﬁﬁksjlt}iaQ%a%ﬂxt&@(@&tﬁ@&t@ﬂhco'nyaﬁieﬂgn%ﬁﬁléf s injected into sanple
preparation chanber 6 via inlet 4. Cell lysing buffer lyses both red cells

and whi 1o} 15 alilSR Pl BGtoEmIPE Shhih ks RLERRAdbbyAB ke WBLd ©

cells, and beconme suspended in the lysing buffer contained in“sanple
pr epar atsample@hd g Biffer 2Brougb ﬂﬁgla@’oéowﬁémhleéolécrwmg emetam; tan alsn becppplied:er

(But ot FAy VG P 7t Ran R GRACR bl astrbasoRindS it e efipie bl fE ' °

adj ust eduffer fHrbuah2he bidck 3VR) @lcdtro-@pAbEE puapiagk by di ssol ving 2. 06g of Tris
base into 100m water adjusted to pH 7.2. 25 Mx (i) and (ii) in the

vol unet fe@77ptIHe oiss Blokk(33)calrQlso Ik $éplake@ by \Witick €116} PeiaGRlihEng: Bk BbeBhat 6M
@QUSCN (guadi ni ne 1sot hi ocyanat e)
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

43



and | OrM EDTA [00172] The above buffers "A" and "B" can be added toget her
or in sequence "A" before "B" or "B" before "A'. 30 [00173] Another |ysing
buf f er cowbDenpBmmbed by the present invention is: 42 WO 03/,035@0%00252

PCT/ S&02/ 00252 [00174] 1 part of 10% Triton X-100, dilute to 10 parts

usi ng 6M GuHCI (guadi nine hydrochloride) (in | OMTE, pH 6.7). [00175]
Sanpl e can also be mxed with Iysing buffer before being injected into
sanpl e preparation chanber 6. The |ysed whol e bl ood sanple (together with
t he ';yslmmdilgf SRIMINLCISATRING TR SR %MEDQWH@G& 63@{ bSmBUEERd 75N aNgL the
gl ass bl'ock 31 due to the absorption by the 1 absorbent 5 or by vacuum
When t hemixpigeavithedipd ethpad srethetviohwnigtic rdtie ofll dsb(elgl adkd@nligthddito radhdcul es in

the |ysed npl e .are baun o the syrface_of the .glass bl .31, since the
Gl ass” ISR, oA SeREBH R P fesmled B areednTanads §i7edstimpmendt 001 e
In addition to the absorption and the vacuum nmeans descrjbed above to pass
the |ysd801823 wadditien te {he absorptien apd the vaeimm mpansglesdibed phove t pasy the

fol |l ow i1egh p L i [iQR. as
that _gengeFEqRpSF e Aehlnc BaGRALes, dTcROR iy nGnBb AP bf Bl plER

t hr aogh préssuridatiok sich asrthatgendraied bymoyriaggpmy ounipOfid wakhihp buffbratheoubh dok 31
can al sq_ be replaced by other filter media including: glass fiber mat or
floss, gﬁl%gsglﬁg\ﬁ&ﬁgj"s%’@ﬁ‘-s@fné@?&mdi a such as cellulose fiber mat, or
magneti c garticles with treated surfaces to attract DNA nol ecul es, etc.
The gl ad80BbcKens Ebningl AR mMgless BiPcka3Do conbination of filter nedia.

The DNA attraction nechanismon the filter nmedia can Vein the formof, for

exanpl e, [0@A84t t Abertthe Elesehlpelatt isshiedy thaelutige bhider 1o injetenl int sspde prepireden es
re- i bil] . i ia. (00178]..-S shij t. he
gha@e?@“ﬁ%@%ﬂ%@%ﬁ 1%1%&4%(51%\{1%/6) f‘ggﬁlt” %ﬁ]sp &ﬁ %%p %%‘thcfneérh%?lg gff ?\]\Aﬁlcgcfatdég‘%g Js anpl e

pr epar atpeforngdicbyneethbdssueh s hitaral dnlisg ordby dadtiag theasibiag tatpdratird & Hytot ed
t hrough t gl ass_ bl.ock 31 due to }he absorption by the ag%grbent 5.or. by
vacuum 20V inghdhe faipseuehen ROy s6t rem 2 EHectas fof Eetmestisonitrtion
the gl ag Rl PGlon vikestdd el.lsclfﬁe‘é"%érﬁ)mfé’ﬂ'b&%j@étiéxﬁ B EreR YRS R GRsld %ﬁ:{g&gﬁ&g cel |

M
debris or proteins in sanp reparation chanber 6 and gl ass ck 31 flow
t hr ough chambervetbtos gl thei glassvitioakt3 loEdbotinen pie i.absyrckelin te: pveat directiondimonght h
t he gl azlzeé[?%%lfoci]?’.l)_At t he end of th|§ washi ng step, only isolated DNA

nol ecul

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

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

[00186] To 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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30 collected for subsequent use. [00180] One exanple of washing buffer
contenpl ated by the present invention is 43 WO 03/035909 PCT/ SG02/ 00252
[00181] 200mdodaa@® , 20 nmM Tris-HC, 5mM EDTA, adjust pH ofrcmisGozin@sto 7. 5.
Dilute mxture with 95% ethanol in the volunetric ratio of 1:1.4 (eg: add
40mL et hanol to 100m buffer). Another washing buffer contenplated by the
present invention is 80% i sopropanol. [00182]. In addition to the
absorption and the vacuum neans descri bed above to pass the washing buffer

through fih§esteAcSenlodGksoddncelthBsfoP (HOVNNTadMMES (RétheSIeclgr SRRIME Hac.,

positive i o pressurization such as that generated by a syringe punp to
punp t heSemenillegNhuSVER Green®@dMal¢mularProiek, 184, BugaskecOR).and Mos¢waBensomg.

[00183] Step. 4., El uti.ng DNA.from gl as lLock .31 [ 0018 After the gla

bi ook 3 iy et 88l Rk R R PR DA Fuiibatone ag PudigsFe pREpShres s,
chanber i@je¢tién Mfs%fe%alﬂidyﬂfe #thic9ed tHrbyghOh6dszS@ A aBilREEP@hpink Ovhcah@nber 6.
The drying is 15 perfornmed by nethods such as natural drying or by

el evat i rigchioms eirbi ent tenperature or by hot air blowi ng. The drying
duration typically ranges froma few seconds to a few m nutes. Injection
of tive 00189 n Thefafmennicdiclwiondulier prenddfubigdcbypyithd saiple grephmtibn thanbédr 6t

the sampl e .pr rafion cha r .6, throu th | ass bl.o 3 > bottom up",
e, oAb REARARbER satARREh tiennlet PHRE ERiEHT o R BdonTo Sies 1 20

[ 00185] ckis £Yalvé ONhOLTiSH biFeriaPAHRIN sdufllepRpiation thA82@ dabidg ML ecul es
fromglass block 31, and the DNA nol ecul es rel eased beconme suspended in

t he el utdpsratlgpteer contai ned in sanple preparation chanber 6 above the

gl ass bl ock 31. One exanple of the elution buffer is autoclaved water.
Anot her [60HIM)| elbéffarissheuldbe oradbtd preventshd el@iin MEfeatfropHm®vihg p@side et To

enhance the.elution effici.enc a vi.brati,ng act r 34 presses di aphragm
2503 oedongitatthe Bt briiaR Wi fobs 2Rk BN S bl s BR SEatBRE ' & %ana
gl ass blaaglksid ] (la@aiiculy in@ivertedMPpliedtios o @ abforb& seshblild el A4sRledd). ock 31 and
enter the elution buffer. [001871 The present invention also contenplates

soaki ng [06®19! aoenkAiRe khedbrdad ritk 6 DNA RisidcBles ift® thedd@id vEtuMR oW Son
[ 001881 The elution buffer can contain, or be added with other chem cals

for subduifeesnd tozphanes psimiforpgigrbutin afitemBNAchektdas i dferigbe fdlyedngdy
prem xi poEifaf e Midadh %hevﬂl{eﬁlattibgz ﬁéﬂrﬁtﬁlg Buffer by actuator 34 acting on diaphragm 48,

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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buffer, then by adding the m xture to sanple preparation chanber 6
subsequently via test sanple inlet 2 and/or buffer inlet 4). Additional
chenm cal swomawssyps at ed i ncl ude the enzynmes for DNA anpl i fPCTsGoZN)252
fluorescent dye for fluorescent detection of DNA nol ecul es based on
principle of 44 WO 03/035909 PCT/ SQ02/ 00252 fl uorescence energy resonance
transfer (FRET), TagMan(r) (Roche Mol ecul ar Systens, Inc., Sonerville,

NJ), SYBR Green(r) (Ml ecular Probes, Inc., Eugene, OR), and Mol ecul ar
Beacon, asaiyk. AomGicnesuseBRnt Sdich b p@thried bs EH%%%@&W%& ifgsl g%HéraP“d

fluorescent detection. The injectionin this ste be achi eved rou

pr essur i gegosies: INARNAAptpuersi(nepleio aeldlhaﬁedé,LRmiem‘qntlbbdy bdsed 200 ¢dbbasthe
anount o ar sh uI d fully occu sanpl e -preparati on chanber
6 so Jsfg}{sheﬁxgﬁlg?% BT er 8?8“7% %p[r%\%ecf]}?e& W.of the channel 10, as

h th t I th | ut buf f
ioﬁf“?niaSlﬂﬁ%% hoP S B A kR L St ég‘m‘i’e& Fprobean 0.1X
i | o T R S P R R 2
| ossl0of IDNpREbibzastoniod gt feant Os@b’@ehme‘rmnpmaﬂ withis.at Kehsn opaa$sa32 wtatibn mayatkeer t ent
applicatj of he_ a be av i ded 0019 To .enhance the
spr ead ra%}I 3) ﬁ% é’ﬁ?ﬂeoi’ﬂfzﬁf%n ?]iluté’ beAdsy g o) l @chgﬂep%ﬁ'ﬁq@er
and to e;exlaame)mhe,r RINA piém: BCR fehfidnl Akt (s %efé%afiﬂ&?e% ax!{atlﬂefvf}@!e the
foll ow ng nethods can be used in the al ternat| ve: agitating buff
act uat ormziurg fowis dntg Ahepssahitaitpms 28 fisbmali prapeseichanhehbd OEt;haapplB Vipan @-

Vi br at 1 QPR G SRl oS WS e AR R P P BRE B B RSB e. et e

chi ps arﬁbtf(cil)ontdf @roduets snayfbetdoadedted by mnbubf hitedio] atilnecs ﬂﬂo&@d&ﬁb@resonance

preparatlon e@:ﬁﬁ hea &gﬁéhe buffer contained in _sanple preparation
AT

chanber Berﬁéf SAcen delerinar vymabmenFRER dRybedreenditBr or
forced ceRvgsHt bloéthéﬂ i@Wrcalikork k!ﬁc@@fefeﬁrthb WT@df%lﬁpp%%% K »8Po C1h 6;

25 adding surfactant to the buffer contained in sa preparat | oﬁ chamber
6 to hellpfarexpaples Realttiree datpiaf PdAeouR¥A dmplifidatien iyl calisctbd duting3dach oycladad ng.

magnet i ?h?xes%gﬁraﬁ&%ﬁbﬁﬁarl?agélﬁeo buffer and wusing an el ectro-nagnetic

actuator to agl er to help to rel ease the DNA fromthe gl ass

bl o 3 above S t, sa nI et 2 and buffer

inl 85 Jf%"&%gg l?%‘%%‘p]?fy b a(?ﬁ ﬁgﬁsola?pﬁ tg’nﬁn &F‘@“E%r?ﬂefélp glogiegBY sanpl e

inl et 2cemptiss PER, istiheimaA hmpBfichRneiPthedess. ficleic 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

46



conduct the nethods of the present invention. [001931 Wiile the description
has been generally directed to PCR and other anplification assays, the

i nventi orwD93joyson® neans so limted. The apparatus and netrhadgsoahozshe
present invention may also be utilized to conduct a plethora of various
assays, including honogeneous 45 WD 03/035909 PCT/ S@2/ 00252 5 assays.
Honogeneous assays which may be perfornmed on the chip can be divided into 3
general categories: DNA/ RNA/ Aptaners (nucleic acid based),

Pr ot es n/ apkinb@dpa erdflardel Jul Ras&d In 8RR

conponents are pr?gﬁjdﬂgd bel ow. [001941 In Dﬁ%lﬁ%&%?ﬁﬁﬁ?%ﬁeg?g%%m
based) ef¥rsat theretis nodef] pelysesasd: probes in 0.1 X TE buffer, for exanple,
were spotted/ placed into the assay stations 26 and then |yophilized. 10

| mobi | i {9208 PEIR eenditémst haisartrdsaC i onincd0peisnf 99Q B dsec,a85°Ceatse @A

t At . onprse, f l'e, irmmobilizati to beads,
Goi o or - Tktr afhet, PSR ER PHES Torea i o G Bd9db PERbesmorsetes G- PCR
react i OMEG)hit £ HRUECIE hipHE b daiedAl fﬁ@ﬁ) @ Mpt 1108 u‘/Xg%geévéH gt £ LE{CSWS

into the assay stations via first nulti purpose”channel or channel’s.
Upon1¢ e- flegrascant mivreseepqusimpths samel eppwbesimafdrieschpatage,ibookdtuPGR @mpiter
specifie

. RT: PCR reactiqn. 15 tect.ion of products be_conducted by,
and not 19 ﬁllgc‘l%-hn?a}%e CGP%PF‘T %ﬁ@esﬂtﬁlﬁp@?gé’ﬁé@v? @’E‘Bﬁ‘g n Ogﬁ‘éP@fyT’Eyﬁ’MﬁEr
(FRET), Iyeke6iseiceheatomedtel 6ihpabd tO@EonmdY PaLHgRN- FRET Sybr Green, EtBr
detection or other intercalators (PicoGeen, the TOTO dye famly e.qg.
Toto- |, [B6R%Y] ExBERR 2:1DCR PRETX RS I3k A
anplifi clg'qi or! i g col I ected during éagﬁgg%(ﬁ% Igﬁ/a%@{lﬁgﬁ&su tzr}g%:’f 2d from a
basel i neshigedlojde® 100G -negatizerbhciera tbhlcansesduinresasteqentenfis.iRdfeandeo M Panch and

detegctign. | gai.es ri , .1 sof hermal. anpl.ifjcation nethods
e.g. gnuc eﬁnﬁkg?% asﬁﬁlgﬁ&&gi{fgﬁ%ﬁ@?i Iggﬁogﬁan Mé%l?nsmgﬁ 1ofey d dorent
anpl i fi cablyeis, USRAkchiet.Gl. (BSs.)MSblings, pp BRSE7Chai n reaction (LCR), .rolling
circle anplification and ligation, etc., using FRET, nolecul ar beacon, etc.

as descr{ppzot] PORMRix: 28 dfA0XAGdtid¥nh TR bhf&, iﬂ}df@%’ﬂﬁ\g ANGPS A Ful DAt of FHRE

conducted. in accordance with the teacCchings o present invention are

nmeant t ¢tas& fesverd PEmEr 61 dARSHOCOTEGr{gAC[@O8AITAC ORA Bikad réversemihenEa8 1

FX ma’r) npl g gf{) GHET eeecN TRAGYREDS ﬁeﬂxl io? a20up! stgctk%uio%:nsgen(t %}o%g?g’e- rL(fI?e'd%Al(_) -
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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thickness - 2mm 30 [001991 PCR mi x: lul of 10X Pt Taqg pol ynerae buffer,

0. 8ul of 25nmM MyCl2, lul each of I QuM stock Trytophan hydroxyl ase, Forward
prinmer (5wOonEDN3WA AGC CAT TAT GAT TA - 3') and reverse prPCTSG0E/B0252 CTG GAA
TAC AAG CTT TAT GCA G- 3'), lul of 2mM dNTPs, [lul of I Ong/ul hunman
genom ¢ DNA, 0.5ul of 10%BSA, 0.5ul of 60X SybrGeen, lul of 5u/ul 46 WO
03/ 035909 PCT/ S@2/00252 5 Pl ati num Taq Pol ynerase and 2. 2ul water. In the
control, the above conponents are the same except there is no Taq

pol ymer |(B§%rm{1ﬁkﬁ2 D& e B R inhiomatch ROtle iR 4t 1ROC-of tlﬁéﬂc@ept&%r@bl& IReFerehcd5C
- 30sec, 55C - 30sec and_ 72C - 30sec, 72C - 5mn, 12C - forever. PCR was
done i n % Ghenretrl: GerameRes. POy MEr8(DWP-6-th an in-situ PCR al pha nmodul e.
After PCR, the chip 100 was observed under a Leica 10 fl uorescent

mcr oscdfb@%}; i E@Ltahmys%n@t@tmgsudcm 19 @ Motatienadhthi Ih)'&lg@loﬁmgkmﬂesgmmrbl@for

t t al Th I h t
SoaTLT § sl T O PO e Stey OTees DoREL LY Feaghantons Sod b RNAY 1 0
control ﬂoﬁﬁﬁﬁﬂ@ﬁrep[&ﬂ%aﬁ%ﬁﬁ&i ﬁtozthe RedRy ERE nSh it Va0BuLnahi8 s 432 8R4

gene from Pl esi onohas shi gel | oi des, a Gram negative bacteria that causes
hurdf gabeveoenteritis. Reference: J.P. Loh and 15 Eric P.H Yap, Rapid
cycle Real -Time PCR, Methods and Applications, M crobiology and Food

anal ysi $00207] RGR-Eighticet mixalZul ((HASmM Tﬁplth&;{Ein i 5SHE-MFA2, 2ERZOZM RUR, i x:

stock. 1 PG RvD: 74 D hmaipurbrclyiereclubhes o) foy s prier Y SeA T
prinmer G8'a G%AMG@@A@@AW@@G@-Z ahllrefse C%n%%’SGMGU’IU@A@SCGN
probe (5' - LCRed640 20 GGT AGA GCA CIG A RS GGT CAT C

3' - Phosphét €1'G TU6 @AABMEL3 )BSA, of4mh@EA%iangdﬁpn@mr®e & -GAMTAT 6KC

Syb
ol COnAEh G50 1S aNT KB UBTE RS Blie BBl 00 S0 T
ﬁl5cl- | mt n}AquzeR@X) aifal eﬂﬁé\;d\l TO&MR{A,—laltZélé‘d a&ﬁﬁm F}?(R)@(S’ aﬁ%gAKgﬁ@Tﬁ ngl e
uUcl eo I ectl on EESECIIC e-1 apel e
ol i gonu@ﬁji&? ﬁ?é&ﬁﬁ@}\é ¥P&‘W‘?¥’F¥E’P 10 Paerli e I¥ gat i on
assay) , pdiftefaséi1 SRR Tor AhpiBlBe BPRECIEASE ~IAWIRE tASGAY. €t C.

[00208] PCR-ligation conditions: Denaturation 95°C — 2min, 10 cycles of 95°C — 15sec,
20  ramping slowly to 65°C over 1.5min, 65°C — 30sec, followed by 30cycles of 95°C - 15sec, 65°C

—30sec, and ligation using 25 cycles at 95°C — 15sec, 45°C — 1.5min.
[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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[ 002051 Exanple 3: Dye-label ed oligonucleotide ligation (DOL) assay is an
assay that uses PCR to anplify the DNA sequence and then post-PCR SNP

det ect i orwoB/0859@-A or 30 ol igonucl eotide |igation assay WCTIsGORERS2
(PCR-OLA- FRET). The OLA assay uses 3 probes to detect a SNP, one common
donor probe is | abeled with FAM (5-carboxy-fluorescein), and the other

all el e-specific acceptor probe |abeled wth either ROX

(6- carboxy-X-rhodani ne) or TAMRA (NNNB, N8-tetranet hyl - 6- car boxyr hodami ne) .
Ther rmst@@ig g@aﬁférﬂ%ed@ﬁsq .0 47 WO 03/035909 PCT/ S@2/ 00252 discrimnate
bet ween t] or msmatc %ucl eotide at the 5' -of t he acceptor probe.

ncsay 1 oAl AP &Ry PRATRNE pebtisBuce Wit e eporif &84 22

r esponsimbdifitd(e.g. peptideomichuit agéd QFNA) ﬂﬁbﬁud@hbmtéd BREA, lé’fd)lﬂﬁﬁmzb&ﬁa with a
I'yophilized in the assay station from sarrpl e prep rt| on was

i nf used trigeProte, igand (1 @%@ﬁ@ﬁbﬂfﬁt& mplabeliie; eils Amtiamers labelsd v &

b

Npc1s SRR for Eigingle9iky 80 s HotericRitn@ioot BRI, 1A chdlobids Mm%? e

50 gMost dedphRCiedf oy taeget pm‘td:mﬁfltlgéil'cnz\%ﬁ?en &-G?GWTGG&%O@Q&A s%éﬁsl téﬁm) ISGIIFHZfﬁ@A? M3 )
reverse I’IrTEI’ , u (0] u

FAM | abéP"éléP aﬁa@ﬂ{bs%ébw Speft D] Zi@@wmb@:@h@mﬂ tojsgreery forgym

Rox- | ab h%ﬁnd?ﬁé’ﬁ%n@ of i aﬁr%eﬁe%ﬁ H fhe FlbresGiPaye. 3" - ROV,
lul of 5 MTA -1'abel ed acceptor probe (5 ate- TAG AGG TC TTT GAG

TG 3' - gh@li ggd"l DNA, 0. 5un|t of Ampli Tag- FS
pol ymer d@se !L%unlt 0 %%I |agase | i gase and water to 20ul. [00208]

PCR-lig u cl es ,of . 95C

oo S00R AR AARRoq RARK B OB el i B SRR R by e
30cy1<sl eatlﬁtemeordlﬂgaaebe te@8fings ofIRSesendiitrehti@atol detectipdthigpedd (0 Coea at 95C
- I 5sec, 45C -1.5mn [00(25}@9q RNA Based Assays [00210] Exanple 1:

Anpl i fi sandvaeh g%&%l)e?%‘fﬂp IntPropeRsERE ATGRIEAINES of  Dengue virus type
Il. Reference: Tan, E. See, Elizabeth Limand Eric P.H Yap, Rapid
cycl e RAMZIT] da ﬂzfae PRIt SaRRsiaeRs, Apprntibaties as protaiey e bs|lehpledarith Pesaol

o Y IRET R 6k nifisoe e redofdiob cpergd ! BOPOTHEAD huoleliedye- KT FOR

- 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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25mM MnOAc, 0.5ul each of 9uM stock forward priner (5 -CCT AGA CAT AAT CGG
G 3'") and reverse priner (5 -GIG GIC TTG GIC ATA G 3') and 0. 5ul of 4uM
stock prowe 03535980 LCRed640 - AGA AAA AAT AAA ACA AGA CC- peT/Sehosphat e) ,

0. 5ul of 20X SybrGeen, 0.5ul of 5u/ul Tth polynerase, 1.5ul water and
viral RNA added to | Qul final volune. [00212] RT-PCR conditions: RT -15mn
at 50C, denaturation 95C - 5mn, 8 cycles of 950C 0 sec and 55C - 7 sec,
50 cycles of 87C - (Osec, 55C - 7 sec. 48 WD 03/035909 PCT/ SQ02/ 00252 5

[00213] ARhRIRranBase Cotgsvion wWidQhldklcARhAFRIrSleAles tIRYOEIHRYI 1Shlld AntiBdRYy OF

pepti de sequences which may be normal and "nodified (e.g. peptide nucleic
aci d ( PNahosetfhiotshensh ot datedtetbat Doyt 2B8P0mhat interact with a target

protein, ligand (lipid, carbohydrate, netabolite, etc). Aptaners |abel ed
with a de219. Exampl\RAuble exdwithentibely BREBynt hesi zed and spotted into
assay chanmber 26 or chanmbers and 10 |yophilized. A target protein/antigen

may t henjobg20]nTivedhieRdlonal shtibbeies afededdgatnsoN ottt bhpeitivg _eFi_i@eB 8fltheaSDS8-
descri bed above. Fluorescent polarization may then be utilized to screen

for aptaprshginoverentibzehiOng of thomenastonelsevasilehladgvivathe dvs phygsersderimi®® t he
fl uo;uesc%ra?h%%tgsr 2{&2%%%%},%5@&&52)’/ Ant i body based Assay [00216]

Pr ot €1 n/ Ant'i as ELI SA (enzyne-|inked i mmunosor bent assay)

b il di he .. ' .of i '
ot ect oI AR AT ERE R Ylh P ERPRA R Rt P BB BRI A s
drug scrggpiemgsRefe®ed: Batdrd P @ SE, CHempirA200 XA SBNO B 104, e affidikiRgigs or

proteins _can be |abeled with pairs of FRET dyes, biolunm nescence resonance
ener gy tiBismay be rproyved ppusing negn lnhp-sed AR T dye pai sk arthe gguargisedyefat i ons,

PES. Spolies BT yeb i Traner (v EhEb A, MRTEPA ol A, 1P 277 BBy
bt or PRl EAapRoCR ol he AR A A-RRRS b By e T8l 85

concent rialdging apdgen (Ped Sdadlel?dksay)d | %Iriton-X-100), and these flow into
the assay stations via channels as described above. Upon re-hydration the

ant i bodi[e6223] Réddhimknp antitodiraiti-HIED, (HeH 6@t fsozimEREdgm&iRbdavyf dhbiar(@Framee
guenchi ng_or bet a-gal con&lﬁgm&nt ation to generate 25 fluqrescence,
é &

col or i neight ehagy (\Enhaer Wit eHACHERide selers qffupyeseqip Ad hodpule8] Exanpl e

W h 06 TR s T b R e e

ant izgen Wupggdowdenperature e.g. about 4C and in the presence of antigen, the VH and VL interactions
stabilized and hence FRET occurred. When excited at 490 nm, significant decrease in the
fluorescence at 520 nm and its increase at 605 nm were observed when an increasing amount of
HEL (antigen) was added to the mixture in the concentration range of 1-100 micrograms/ml.

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

25 [00224] A modification of the above method may be utilized as follows. Instead of labeling

with fluorescent dyes such as fluorescein and rhodamine, chimeric protein of VH — Rluc (Renilla

luciferase) and VL-EYFP (Enhance Yellow fluorescence Protein) is constructed. In the presence

of Rluc’s substrate coelenterazine, chemilumiscence with emission of light (475nm) is observed,

but no BRET (Bioluminescence fluorescent energy transfer) is observed. However, at low

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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protein, whole cells, carbohydrate, aptaners, etc_) was |abeled with QSY-7
(QSY-7 carboxylic acid, succinimdyl esters). Fluorescence quenching

pr event edworo3®sgps essed t he detection of OG 30 514 f| uor eecarsae2/00Rhe

| abel ed anti body-anti gen conplex was |yophilized in the assay stations.
Sanmple fluid preparation rel eases proteins or other antigens into PBS or
TBS buffer with or wthout detergent (e.g. Tw20 or Triton-X 100) of
various concentration (e.g. 0.05% Tw20 and 1 %lriton-X-100), and flow into

the assayooepsf ivuhasdthetirBodieddglof thd PR mEBod KHsFHI . ikt FAFRANg withat | on,
the | abel ed anti body-antigen conplex participates in conpetitive Teaction
wi t h t he flagregenpdyes 36905 f%@wssmzn@dMamn@, thivraderie (T fusiparprot€ompretein,i on

wi t h unl ghe j gen releases the OG 514 | ahel i bo whose

f1 uor esc?%ﬁ%ﬁ%%e}% %@paérkf%gﬁlea %06?5%%%%@5:%&?%%;1@#%0& &%Mpoubl e
sandw chflasiebdeactyproRE) it E61d#0ded W IRAQEE PR so RB{LItP OLHHE SxpHetRE bRfleiggal nst 2
non-conpetitive epitopes of the CD8- a chain were utilized. One of

al ph
t he monoEREAAceurgsdsin thargcapf ﬁem@@w@ﬁh%m@:wm% RERL, Prajeiadihg he

ot her al W hRo GAPC) . [002211 FRET was observed when excitation
IighEO wag H&’%@%?Pg but the efficiency was only 10% Reference:

Batard P .al . t.onet s 002 n 1:48(2):97-105.. The ef.fici ency of
orET o 902567 Fhe st A theRaSor i piescti by ehegnrmay aish BE pBliesiin Chedel,
squar ai ngrotvafic sthdigsakap) ProREEEoteimet @RAEE arc R ehtBneBhnisAb for fé@ﬁiaﬁh% cal
Bi ochem stry 280, 272-277 (2000). 15 [002221 Exanpl e3: Re-association o

r ecombi nefhilag REqcewe §- 81, regation#f ireasoyiptpmbn thei dimetaatdorhgf basichelindoapghedint i gen

(open sapgyi ?ﬁﬁ) 2 %ﬁ%ﬂ’b nt_antibo Nt i n.e
Iysozyrreg)‘i%ﬂr}g?{;;Cr r?%?n eg\f{‘/(:q%%’aéﬂﬁleﬁ adrllc “*e%“g“ﬂtgf‘&wg‘.y%a@ {/@(ljﬁrre é%?oafﬁlé’ggd with
succini niighad diidigtogienéhatearskesignaling, fonedanplee- X, respectively. The weak
affinity of VH and VL towards each other prevent association and FRET, 20

but at | pe2rAnDeligihg it fpgrah@hedtididhte FoRidsdrt PRyPIKPRVGR R fusitt phrdfihs Wi VH
and VL interactions, stabilized and hence FRET occurred. \Wen excited at
490 nm <hgnsefiggeenilugessean ppote (EQET) { fonexamplerfeey eithes bo lyophiiged intassay

i ncreas %tﬁimsa&% d&d ﬁtoﬁ@%ﬁ%é%dinvm@%s%ﬂst&ws? "ﬁi% I@%&r&) Wi QL rez%_s‘g{l' as fiision

(antigen) was added to t ture 1 n tthe concentraftion range o
m cr ogr aprster with Rafapcahidec flwerscert proteia(EBFBiinintodnéedlinm thO 8@authtions

27 1 738-42. .25- [002241 A.npdification of the above t hod be .
o, L e g e iR b p bR Riotdin frt A bR Ay EREL agyviy, for
f | uor escgiampRitd oftite daettich methodE bk EndiPinthea®f VH - Riuc (Renilla

[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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| uci ferase) and VL- EYFP (Enhance Yell ow fl uorescence Protein) is
constructed. In the presence of R uc's substrate coel enterazine,

chem | umwoanoass t h em ssion of |ight (475nm is observeaCT/Sa02/00262 BRET
(Bi ol um nescence fluorescent energy transfer) is observed. However, at |ow
30 tenperature e.g. about 4C and in the presence of antigen (HEL), the VH
and VL interactions was stabilized, hence BRET occurred and fl uorescence
of EYFP is detected at 525nm Reference: Arai R, et. al., Anal Biochem

2001 Feb[ &Zd’ﬁg e drd %S&éenmrgo MR &t?i/bQ%ﬁ%ﬁQerE’cﬁB’ R4 o2 tabgdt &IDBe?&];ted’ elg.

anot her icatli of the first method is as follows. Instead of bel i ng
with flodtiesbent redyeer, betctpdimeriting pekeesdimendng H@@%\Wﬁ@nﬂt %%WHM} s it x)

fusi t t |
and Trx Apereer B eGP o T T hor et Lo ot di i HERERrb: HOGhE, 1)
i ncreas %‘:}# ﬁ%ﬁéalvégbérl th IeOfubliies €pEes 59 nyﬂh@iceigaﬁd blnam@smkcnmt@dleu an t he

presence o e antigen HEL. Reference: Arai qt ein_Eng. . 10
2000 mmmw@ bﬁﬁgs tha flupgscepEprotein palpmﬁeﬁlen@maﬁéﬁt #&Eﬁo‘iﬁl ’%‘fe A Pibstasl
|nvent|on iliz n o)

Pr ot'8i n- Cﬁ Bigliic?cglrl\ré ?(ﬁrreté&ln i q‘?{)an%rsﬁg’cia 1%%%@%%???’029

cel lul arheférr&ﬁﬁl%ﬁze@mgnultﬂlﬁguﬂlﬁpﬂo@a‘in obmpleabg syithéticdigags, tstall dnotesude epiemens
basi c helix-1oop-helix (bHL trans ription factors, dinmerization of
Epi der nedte, gmkdtthg@i@td@?fe?%@ 1‘ upon 15 ligand binding to generate

cellular signaling, for exanple. 227 Utilizing the apparatus, candi date
pr ot ei n§06232] Pﬂ"b&yghalbmp}eégbéﬂlaaéh |1%tﬁ CSH%@@F%D&PF the ARRUGR SR Een

fluores Cgﬁtc prot %ﬁg %e%rtﬂ% AT Sﬁ@tﬁm@'ﬁlﬂ‘%ﬁnt?@aﬁﬁ%bél dla?rﬁ‘ﬁ’otbiﬁ or

assay the assay stations.

tar gat Q'ECC;p&ﬁd §uch%§ @hﬁ&@ﬁdcﬁ& rédﬂﬁ'io@,ﬁhatmontodmmrmhﬂntl&rﬁnmne&joﬂglwcomcmd
fluorescent protein (EBFP) is introduced into the assay stations 20 through
t he charfaeexmide.descri bed above. Protein-protein interaction actl vates FRET

activity, for exanple or other detection net known in
[ 00228] [@@2334 Bﬁh@mﬂém@iﬂcu{eadlzzgﬂi apkaEnSsy 16 aPaY qi%f&é‘ﬁ'?& GAmhagoaps: L By,

utilized in [ XdefOk 23 AY theARPAy G dnQME thdNuner ous
met hods 968 ug eéngF %q‘tg&ge%tgon FR%?'&S@?nOd ot her det e}lctl on 25 net hods

may be uyo;mmm el mgmedmd with salrug tasgedipredeiy fiskdl 1t giean iaressent PIRLRIREHTFF
exanpl e, toxol cal be ¢ [ S of
t he 20pr e&a@ﬁfmi H{hiogﬁce éwttﬁagqsg,yg ?r%u)rmqeec%es lg’r o%ie%or%:ag‘g%‘g%l 1;{'19
chem cal 5 19fe BEMhLI BRubithadiihe cells with the potential drug at about 37C, for example, may

trigger protein-protein interaction resulting in FRET, or disruption of protein interaction would

decrease FRET.

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

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

invention.

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

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

signal from the donor dye. Colorimetric detection can potentially be used in conjunction with
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aptaner library, etc, are pre-loaded into the assay stations. The assay
stations have conducted thereto particular cell type of interest, which
may have wean/s®eovered from a sanple preparation 30 port ipam/S&o2/00282 chi p
(if so provided), or fromtissue culture, gromh nmedia. A fluorescent vital
dye may al so be provided. After a few days observation with m croscopy
will reveal if cells exposed to the provided pre-loaded conponents undergo
cell death remain alive or are otherw se affected by the pre-loaded assay
c onponengeta-hiddoniAcn R Ak dedothBrrhd] Anipbisioichladday @ N Anothdr Wen(p34r) 35899
PCT/ SG02/ 00252 [00231] Fon.gﬁqg screeniggﬁ cells cgn be engi neéred ?%9
expr ess mpi&odelagy that mey be stilieedtingndas thogescenea ipplarigativnnivhereimcapalofiyorescent

het er odi LZlng or h di bzin rot ei artner, f d.wth different

'+ uor es PSSt BUE IR ekl 81 Slhafi abd B 4 weoViE e o nd e

r ecept orieid effp¢t@nathe SepolvirizhtidreMNMBgdk WpSiiedho HR dsdi§istation DB Matisig tifid BOR med by
synthetic |igand binding, small nolecule or antibody, brings the

f 1 uor escAtPoFbiekbpredpdtherein god meseancaty dptaetedRET can t ake place or bet a- gal
i o conplenmentation could occur, for exanple. Conversely, disruption of
honodi mP92d Ohe ieeméipo Haseny besa explamedtwithsugbmernice tospetdicrendmdphents. bPther

synt hetic .l igands. .spall nolecul e tamer , ... et oul.d tr.i I a.decrease
in FRET Zitnskpents BE2 55 wrprt G e ‘ngcﬁ'g‘él&‘iyes?lwﬁ%‘?’f PLGEw ol Drepine
dependi n@gsdiptione ICR @i Bihded theethiyigventida e Gimited 8@t & RHRLRJI9EB: ﬂslﬁen&&ﬁd
to be a surface proteins, but can be an intracellular protein or 5

r ecept orclaimg@pd gheigful] seRnsrearivalentsy ecept or, that honodi merize in the
presence of glucocorticoid, for exanple. [00233] The small| nol ecul es,

| i gand, aptaner, etc. may be derived froma conbi-chemlibrary, peptide
synt hesi zer, phage library, etc. and are first spotted into the assay
station and then Iyophilized. Cells engineered with a drug target protein
fused to green fluorescent protein (GFP) 20 pairs are then introduced into
the assay station(s) 26 via channels, as described above, in cell «culture
medi a.. I ncubation of the cells with the potential drug at about 37C, for
exanple, may trigger protein-protein interaction resulting in FRET, or

di sruption 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

i ntroduction of at |east one of a population of wild-type cells and a
popul ati on of cells expressing a reconbi nant nol ecule, for
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exanple, into said at | east one assay station, in accordance wth the
teachings of the present invention. [00235] Besides FRET assays which
utilized wam3foBisor escent probes for PCR, PCR-Tagman 30 a®sassowpdes2 use of
fl uorescent quenchi ng whereby a probe is | abeled with both quencher and
donor. The probe, when hybridized to anplified DNA fragnments, is digested
by the 5 to 3 exonuclease activity of Taq pol yneri se extending
downstream fromthe priner. Upon digestion of the probe, separation of
donor frwegugpcher | eads to a detectable increase in fluorescence signal
fromthe donor dye. Colorinetric detection can potentially be used in

conj unction w ph ﬁ%ré%@ﬁ%égééﬁ&%fﬁﬁ 2EB2R0353gicA shepRs ghdra@enBIdERBRAtAL | ON
assays in isothermal anplification assays. Anotlg‘ler exenpl ary assay

met hodolthgmetHodtcompyisése utilized includes fluorescence pol arization,
wherein small fluorescent dNTPs are incorporated into PCR product, for
exanpl e, and as aproekliga subsipite hh@ng atleskt dac asaseatidnn en prrafgesent ofattémst

depol ari zation of light applied to the .ass tation 26 havi the P
KU Crsi el TS EenP RS LA SLEEC QTR S Aur LR B S ed in o
[Oo%gﬁl Egaﬁoh g&gl%éd@aﬁg célpé’é(icpﬁﬁﬂ?xﬁ(@céh@ﬁx@hiﬁu%sé &f-8henesd iofrsigeci fic
enmbodi nent’s. er enbo I

iments w be apparent to those of ordinary skill
in the apmnumisdtiowtlerewitie whereay edich §irst deddpupposoehannel has ahleast one elhedadien skt

this invention be Iimted.except .as, Indicated he appended . ¢l ai ns and
t hei r f&PPfE%C&éprQ capdiion gh & s G hrusoudy a%“&:f’%‘? TR Lﬂ}‘%éB%f%bzsz 1)
A et hod ofr QA9 Qi i tbast sy mL RDp b BdeQtibhiRl; 5 APleaS obb oldioathedidmi n
that the nethod conprises: providing a substrate having at |east one assay

st at i on,inlahincorumaeasion with satd 4t deast first pndsyecontimuliicymppssmehannetsy, paig gbleast
channel s_wher ei,n id a I ' sl : j 1.0
osiit: o At e Greides (EERUA0RAT 1@ Gk ThhABAEIIRNEALf Grlucrd
and in fdfyiid se@prasmii¢:at i on therewith, wherein said first nulti-purpose
channel has at |east one characteristic .conducive to conduction of a
sanmpl e fluid thergithingghest sdmpledrdm anebjsanpl e fluid inlet in

comuni cation with said at least first nulti-purpose channel; and at | east

one isol ati on- medjdParing 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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inlet in comunication with said at |least first and second multi-purpose
channel s, said at |east 15 one second nulti-purpose channel having at | east
one char awDaBi03390 non- conduci ve to conduction of said saapissodbars;
obtaining a test sanple froma subject; preparing fromsaid test sanple a
sanple fluid; introducing a sanple fluid to at | east one sanple fluid
inlet; 20 filling said at | east one assay station via said at |east one

mul ti - purpose channel; allow ng isolation-nmediumfromsaid at | east one
isolation mediumport to flow into at |least said first nulti-purpose
channel ; and running at |east one reaction at said at |east one assay
station, said 4eatThé methofaestrdihfe ehint 8adarseeized inghialshidatuclete avid based
quantitative data relating to said sanple fluid. 25 2) The nmethod according
to cl ai rssey igpideast pae pLapplymepghaihiegctinn gredsyerghsarserpipsapplygerage chain
hoanenQQQﬁ say reaction. 3) The nethod according to claim 2,

characterized in that said honbgenous assay 30 reaction is at |east one of
a nucl eic acid based assay, a protein/antibody assay and cell based assay.
54 WD 03/ 035909 PCT/ SG02/ 00252 4) The nethod according to claim3,

characterized jn that said nugleic acid hased . assay is at |east one of a
ol yiter ase. chain Thamelon seng b cme ol 2hSes 1 I Sebepieied SRRt i

react | Ofyrkl irﬂu&@ﬁ%é@%ﬁ 86t 36806 Fhohfd BRMYin@N@ig&king hAd Mherdnd Qidtest sample
characterized in that there is further |nclude§ the step of at | east ‘one
of hono@efvreinjestiodigeseidngmpledivid infedr i ng 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 is 15 further included the step of

applying a sealing layer to seal said at | east one assay station. 7) The
nmet hod accor di6)g Tie mbhbdudordifgtocanlyaine 2€ dlaims 1 es, chivatterizad inthathkdre is

i ncluded placin ithin said. at | egst _one assay,station at |east one
conpdnehirthss nelyded dpe siep ek anptydng 2sliPg Yoty gl spideat Jeaptng ANy to
claim7, characterized in that there is further included a drying or
| yophilization step after said placing step.

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.

55



9) The nethod according to claim7, characterized in that said at |east one
conponent of said at |east one reaction is at |east one of a | abel ed probe
or mar kerwo2B/030)9 The et hod according to any one of cl ai PETISGI0@52
characterized in that said fluid commnication is via at least first and
second assay station channels in comunication with said first and second
mul ti purpose channels. 55 WO 03/ 035909 PCT/ S&2/00252 11) The net hod
according to claimz2 or any one of clains 3 to 10 when appended to claim
2, characteriz&l iThe meghodggperdingiie glaito dorans aye elecaitmis Srio g ovtied@ppémted to

det ecti on,.of Lc..aci.d sequence associated with the esence of a
pat hoge nﬁal%z%’%%aﬁe f %%@%g%é %@gﬁgﬂﬁ’ PR |a§§a%r?acﬁpn BW{}‘SE gord%e@ﬁ Hg a suglgic) |
when appehfieduimre bssoctdi@l Witk the phavendd offa pilibeeRl that said at | east one of
gqualitative or quantitative data is provided by at | east one of florescence

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

claim 2, charaghent R : - r 4 nGl d.the step of
irradiating coﬁ%)eﬁ%iﬁ% 0?5‘% %9%1{1 é ?‘E&?leﬂéztofrg{ﬁ};egg”s%ﬂé@ﬁ@? gte&l) é?u W}FF(QPB?@&M%g at
| easid orvtrimely charactenzedain that asitt atlepsiront ofiqudlit@hie@dr ghadtieAst dands pfRadddiBNat
14) The et hod cording to claim7 or any one of clains, 8 to 13 when
appende deatsbonec‘?ﬁwsf’?n?ﬁfﬁ?%@ﬁnfw tﬁ‘i‘sgﬁd’tlmﬁﬁ‘ifn‘é‘t oncelpsimere chai@sonent  of
said at | east one reaction is at |least 20 one of an antibody, protein and
at | east one priner. 15) The nethod according to claim7 or any one of
clainse 8 to 13 when appended to claim 7, characterized in that said at

| east one conpdnehke wrthodiaecoxding tnelpinp? or praene afielaims Ato 12aden appendod ta

synt het i ¢.. nol . [ Olm in rial lihrary of ..nolecules, a tide

Y br ary i % S et i Bk AR SR el Rl oo Rt fred BB
chanact ¢gaszamd dssayt siationt dfer Aunihgfal dabiesneirogdtivg ©fl at 1b4rea poBRNOF s4illaf RAMGNRY at
| east one qQf a population of wild-type cells and a popul ation of cells

expr essF5§Ue0-r econbi nant ol ecul e, into said at |east one assay station. 30

56

14) The method according to claim 7 or any one of claims 8 to 13 when appended to
claim 7, characterized in that said at least one component of said at least one reaction is 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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WO 03/:035909 PCT/ S&2/ 00252 17) The method according to any one of clains
1 to 16, characterized in that said. at |east one of qualitative or

guantit atwoasmaivad i s provi ded by quenchi ng or unquenchi ng pef/s&02/MHé23Dr escent
| abel . 18) The nethod according to claim 12 or anyone of clains 13 to 17
when appended to j o claim 12, characterized in that said fluorescence
resonance energy transfer is provided by protein-protein interactions
wherein a first protein conponent of said protein-protein interactions is
i mobi | i zed i nl'Bailte awdey asecatingto amdore etmmd 1ge d6.aharactorrpohiorbatohidai d
protein tein raction i nt.roduce to sa d assa tion, where
Phr T nlBnnEs O usBnioE of piiellivs B WAV G B Brd e Sy SRt Bbb faot o o
pr ot ei n fGRFREERNIbes. SUuch that said energy transfer may take place. 15 19)
The met hod according to claim1, characterized in that said first

mul ti purpose channel characteristic conducive to conduction of said sanple
fluid conprises-at | east one of internal surface characteristic and/ or

iﬂgfgcfgf‘{ ‘;‘tclt Cfgt)h’q;&m%&%d%@éo‘i’dig%té GIh 120 arty “f'clgxu s 1379 9%%11%2)%?:?(%(1&0 20

I'S non-conduci ve o co |on 0 sal sanpl
conpoi seimtl2l easactemeddh t}&nsdr@ﬂﬁdir@@denédﬂeﬁ@&ﬁc@&fetgyﬂm’mﬁfbﬂIisqsroﬁllda@ ®y
characteristics. . 20) The nethod according to claim1, characterized in that

there i 9tgorHetein w&errera@as wherging fistproted coBeSRholSesag i BIoLSip Hgeigetionte
sai d at Ig a
ol i d 1 Fornonlizih AL SRR TH & sRepl A NARER T FLE BERIEDEIT O, o5
magnet i ¢atbtaytiaf tsantrodieed ints saidaday saborg wmm sapﬂmpmac&on lacre iporaassodibtidrecf

ith fluid | at | d A- et hod f
G agnos RO NG TR P G PO DG L oL F UG R e ISR o ate i

netﬁgd conprises: 30 providing a substrate having at | east one assay
station, an arrangerrent of at least first and second mnulti-purpose-

channel s wher a | eas e.assay sta i.on, .b
poal T on | nt ered v aefbe aERRin PR Cendiudfunabd il fitbite Badhne
and in thatingdl chaervlHtc abhdiRivehe tatiublion ndeg ﬂﬁtdfcb fpisdSLt dastiteRgFs e
channel _has at | east one_characteristic 57 WO 035909 PCT/ S&02/ 00252 10
15 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

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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conduci ve to conduction of a sanple fluid therethrough, at |east one sanple
fluid inlet in communication with said at least first multi-purpose
channel , wpd3assobeast one isol ation-nmedium inlet in conmPaTS&HN2/0025M t h
said at least first and second multi-purpose channels, said at | east one
second mul ti-purpose channel having at |east one characteristic

non- conduci ve to conduction of said sanple fluid; introducing a sanple
fluid to at |east one sample fluid inlet; filling said at |east one assay
st at i on conduce;ta candyciias of 8 sampa flvid {herepwersh hideass be saaiplodindgnlet in

i sol ati gp- L : saj d.at. Lleast..one isaolation iumport.to flo into
at | eas '([% Qrgal EC%lm?}fsl 'EN q{rgusﬂd a%ed‘l 2 8&@“8%‘&%%‘1’%" ¢ ﬁweﬁﬁﬂgi‘gﬁl@as&f’g? E&?ﬁmaﬂae um
react i ofinlet ingdintinaficatieasHithoar A@eyfist #d ebondSAhid-F@sit tRhmeR! QVd di fRestat

| east one of qualitative or quantitative data relating to said sanple

fluid 2p§serrad FR¥EHEPRsE ehaaneldaviseet lpshone charpeiengicaronrendicive featontihaian i s

further kog ggﬁg{ he step of obtaining a test sanple forma subject. 20
23) Theonegh?%o ag%?%i ng to claim 22, characterized in that there is

further included. the step of epar i fromsaid test sanple a sanple

fl uilg. 24) The rrelf’%?)‘gm %?amp#gﬁ‘t‘lg%la&%?ﬁtﬁeBarmrélﬁﬂflﬁﬁﬁ@i characterized in,

that said at Ieasél. one.reaction is a hom)igenous assay reaction. 25 25) The
met hod accor di ng &I 3hisash Pug psspyEtation vig saig t leas! ong syilli-pyengss shammek” sai d
reaction is at |east one of a nuclejic acjd based assay, a protein/antibody

assay and cel | badleWingiselglion-ngding) fremsaidet frsgt enedsnlationgneddumipaitite Zow

char act gk 288k Baili Bl 5@k ' gy based assay includes a nucleic
acid anplifi c%t |9aoln reé%l??lgjﬁ%glé%gg}l&ww PCT/ S&2/ 00252 27) The net hod

according to clai[ﬁ]a» ri,zed. in.that said nucleic id based assay
is a hybridization agégt?@%%\%%\%a%@% % saif ag%émr%lg FEPE Stﬁﬁ?’ﬁ Sg@rr??fglﬂnpr obe.
28) 1Thepmweidigoatdeasoont oiyuatitativabnaintitatina dae trelatized shid shiple Haigd nucl eic
acid-derived to probe is labeled with fluorescent dye. 29) The net hod
according to claim 25, characterized in that said protein/antibody

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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assay is an ELI SA-based assay. 15 30) The nmethod according to clai m 26,
characterized in that said nucleic acid anplification reaction is at | east
one of a wologevase chain reaction, a reverse-transcri pt aPeT/So0b/yomse ase
chain reaction and isothermal anplification reaction. 31) The net hod
according to claim 23, characterized in that said preparing step further

20 conprising the step of at |east one of honopgeni zi ng, digesting,
purifying, sorting, concentrating and filtering said test sanple before
injection into said sanple fluid inlet. 32) The method according to any one
of claims 21 to 31, characterized in that said providing step further
conprises a stXp Dlic mpthoyiaogrding eadlhing? 3, aistactedzabindhapgdanatieis ot sgall sai d
25 at | east .ong ,assay. statiqn.. 335)' The net hod according to claim32,

char act &F¥ &# chﬁ%%‘oflﬂé% ¥ing gt lep ong prgleigeaid depaedspiepe.of pl aci ng wit hin
said at | east one assay station at |east one conponent of said at |east

one reaction before said sealing |ayer application step. 30 59 WO 03/ 035909
PCT/ SQ02/ 00252 34) The nethod according to claim 33, characterized in that
there is furtR8) Theoheilied agcordingiormipior27, yoarhétkiizeatin dmt sdié pudéic ecidsddrived

pl acj ng : Th t hod cording to claim 34, characterized in that
the(rﬂt)a i gl%%ggﬁlﬁg?%ﬁl Wéﬁ%&e%ﬁﬁ%&%bi lizing step for immobilizing said | east
one conponent onto at | east one of a surface of |10 said assay station,
beads, gels and nenbranes. 36) The nethod, according to anyone of clains 33

to 35, charact §)r| ed ig?é hat said at |east one conponent of said at |east

one reaction ¥4 diheimeaed girarding ta daimelSe shaspeerized|in guhshidiprotein/enithdadon

substragsfgayi]s@n%ﬂls);hgasggg%gg according to any one of clains 21 to 36,
characterized in that sai | uid comruni cation is via at least first and

second assay station channels in comunication with said first and second
mul ti purpose channels. 20 38) The nethod according to any one of clains 21

to‘? , Charactgyri i hat said .reaction provideg for, detecti.on of a
nuc %i ¢ acid é@qgéﬁg%e@%és%%f’r tmegcfo\x}afrﬁazgh‘éhaﬁ?dg?%één L sgid nucleic acid
amplification reaction is at least one of a polymerase chain reaction, a reverse-transcriptase

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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pat hogen. 39) The nethod according to claim 38, characterized in that said
pathogen is a 25 mcrobial organism 40) The nethod according to cl ai m 38,
char act erwpad/08390¢ hat sai d pathogen is a virus, bacteri uPCTiSGogyoRsDr
protozoan. 30 41) The nmethod according to any one of clainms 21 to 40,
characterized in that said at |east one of qualitative or quantitative
data is provided by at |east one of florescence resonance 60 WO 03/ 035909
PCT/ SG02/ 00252 energy transfer, fluorescence quenchin fl uorescence

pol ari zati on, 34) dhemelestaadinggs chiamda, chamsieyized inthat there iy fugbeningded

corrpl enment at i ssa t had cordl ng to any one of clains 21 to
chaﬁlré{B’tgé}r? 17y Pﬁéﬁez’ﬁﬁﬁrrsé{aefgam?% i ncl uded the step of

|rrad| ating contents of sai.d at |east one assay station after running at
10 |l east one reaction or at |least a portion of said at |east one reaction.

43) The net hod according to claim33 or any one of clains 34 to 42 whg
appended to 8failie Bakthathencendingrtp gldmidd, @hﬂaqct@bﬂeélnathaﬂ thereis Brber BTBBIsE A of

said at. |e Sbﬁgggterﬁﬁaﬁ ! Ogtgk%sxagtsalé?%sttdone%ggx %erﬁ‘%n 31’('14219%8 ot H%& ofit

Ieast ooy tern, or sma

ul @id 44dy SthgorI®ehnde agamﬂbmgrahes claim 33 or any one of clains 34 to
43 en appended to cl a| m 33, characterized in that at |east one conponent

of said at |east one reaction is at |east one of a synthetic nolecule from
a conbinatorial library of nolecules, a peptide library, a nucleic 20 acid

L orary o 2967 AR TRndd eBidihg G Shy bEo AL IAGEE! eHahiBtckiDe@MYhaNG:i Okt
clains 21 to aracteri ze |nt¥| sai d reaction provides for

scr eeni REst 08é corapemint af said atgeashonk ltstactem is 2Bleass pnypka lebelrdarokedigaaiggdt o any
one of clains gB to 45, characterized in that there is further included

t he ste’iﬁ’a‘?ﬁorﬁ fEferci ng at |east one of a population of wild-type cells and
a population of cells expressing a reconbi nant nolecule into said at | east

onelassay station. 47) The method according to cI aim4l, characterized in

that said fluorescence 30 resonance ener tr i.s provided.b
pr ot ei n- pr ot e Theansibed %ﬁ‘fgrd\mfc’etf’épﬁoéef’ §’Fnsg>rq 21’6 ChaE%FFﬁ’&ﬁ H{ﬂ%‘\r/saé%.

pr ot e' ”ﬂ\%d%%&%nh&tt%h%wa%&aét%r&tfaﬁe'@&édna askaly Rtafith dhaSERYn sddklufita8dd with

sSeco
said first and second multipurpose channels.

20 . 38) The method according to any one of claims 21 to 37, characterized in that said

reaction provides for detection of a nucleic acid sequence associated with the presence of a

pathogen.

39) The method according to claim 38, characterized in that said pathogen is a

25  microbial organism.

40) The method according to 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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protein conponent of said protein-protein interaction is introduced into
sai d assay station, where 61 WO 03/035909 PCT/ SG02/ 00252 said interaction
occurs upwo 0a®390? ati on of said first and second of said pCotSsiozvo@snponent s
such that said energy transfer may take place. 48) The method according to
any one of clainms 21 to 47, characterized in that said first nultipurpose
channel characteristic condUC|ve to conduction of said sanple fluid
conprises 10 at | east one of internal surface characteristic and/ or shape
char act erist hrmlsﬁmdﬂwa‘esteme quenghting Aloresesnen Bolatiratiopy bighauEneskelip§ dpsonance
characterlstlc ndu0|ve 19 conduction of said sanple fluid

conpri s&ET&; rgng é’rBﬁté %1?0 Frﬁ‘?létf“tﬁcg} ¥ face portion and/or shape

characteristics.. 49) The nmethod according to any one of clainms 21 to 48,
characterized in that there is 15 further included a seali ng step wherein

exposed portions of the said at |east first and second rrult%gur A
channel s are $@alThd muthesd accerdingdo Ry araphsleins ?dttﬁﬁépﬂ@ﬂ’ét% ere 18

mechani I C [

e AL FHEF LAt R it Bl ol 0k SR
medigim JeZR ohOYealtién BEAthEL apmbﬁlbﬁ@matlamom&amﬁoml aims 21 to 49,
characterized in that there is further included a washing step in order to

wash away at | east one undesired reaction conponent. 51) The net hod
according to any one of clainms 21 to 50, characterized in that said

reaction pr OVhﬁ)esrhE etﬁ&ﬁac%fdﬁfgttb%rhlﬂfsﬁr\éay oA bOAlainf 7Au6 U Weﬁ%bﬁen’ﬂ%@l ygnce
associ ated wt ast 25 one of virulence, disease, phenoty

i nt er i ndaiwi Suahamcterin¢dingpatcaidiat leditfcngrcempenent 52 ;alfr n@lew@pma@w at legst o.

claimb5l, characjerize said vari id. s nce
i ncl udeieAH ap@gupo ‘{Yné’r(g'f'm "‘llthegalséorfﬁ?&né%t ]i“%‘fzelc ?ldhl%ﬁp pﬁg At&fl aﬁgé’n? rrsgl%ggt s and
insestigpec@nd/ or deletions. 30 62

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

20  acid library and an aptamer library.

45) The method according to any one of claims 21 to 44, characterized in that said

reaction provides for screening of potential drug candidates.

25 46) The method according to any one of claims 33 to 45, characterized in that there is
further included the step of introducing at least one of a population of wild-type cells and a

population of cells expressing a recombinant molecule into said at least one assay station.

47) The method according to claim 41, characterized in that said fluorescence
30  resonance energy transfer is provided by protein-protein interactions wherein a first 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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