24 March 2006 WD 03/ 035229 PCT/ SG02/ 00251 5 , SAMPLE PREPARATI ON

| NTEGRATED CHI P [ 00011 FI ELD OF THE | NVENTI ON [ 00021 The pres@Zt Marctn2006
rel ates to an apparatus and assay systens which can be enpl oyed, for
exanpl e, for detecting and di agnosi ng di seases and/ or detecting anplified
nucl ei c %&W’gsgﬁlgducts and/ or for pharmacogenetic det &%’Wﬁ“‘ggb The
apparatus conprises a substrate with 10 one or nore assay stations or wells
and channel s arranged in a nmanner to facilitate the flow of fluids through
t he apparatus and designed to provide for isolation-nediumsealing of the
assay stations. [0003]' BACKGROUND COF THE | NVENTI ON [ 0004] Bi ochem cal
testing is beconrg j ) ATRWTI NTEGF JPus assays 15

i ncl hdi‘ng, for g(%?r'% g']?girﬂﬁ}e&ctl ngI(a)]rPlglnonl %ﬂg@ge@presence or absence
of diseases. Wile tests have |ong been known for obtaining basic nedical

i nf or na{l00h} BiFEH @B THEGSUENTHEeN and transplant conpatibility, for exanple,
advances i n understandi ng the biochem stry underlying mnany di seases have
vast |y opantliechredast imentiverrelafes toemt sppavhaius mdeasay bstqpenilocned be Bhployedyany

tests have becone avail abl e for, vayious al.yticat- se such as

det ect i 5 SpaEMejefstecang and a’&ﬁ‘b‘?ﬂg 18RS ff‘%tﬁ‘f“r?g aﬁ’%ﬁ%ﬁ‘@‘fzﬁ”&%&t"é{ti ng and
noni t or @Eu&@;ﬁﬂﬂﬁ?oﬁ'pﬁaﬁﬁéﬂgéﬁbﬁcﬂaﬂnﬂiﬁﬂidn&lrMppﬁﬁm&ﬁﬁi@@éh}’sub&mm data in

conjunction wth thé abil éf;[ﬁY to prepare comnbinatori al I,i‘bratgi S 0
che® cabneces mnsnassesssiatians graveills padhehaanelyasragged dpy Bagnepto feiifags thigkow #0051

There h | gn ed.f.or " s 1:a) | QWG ri.QUS stages
of nucl 121?1613 %%ggﬁ%gp %ﬂ % ,%%lr?gﬁy I':Og%dtg 5&%@%@?’(‘3’?‘%3@3 %ﬁr#%g)fgiﬁnaéﬁg devi ce,
such asstatigiscrochip. Fully 25 integrated, high throughput systenms are
needed which rapidly and sinmultaneously perform DNA anal yses such as DNA
separ at jpo03|BECRCROAND OREFBRIENTION di sease di agnosis or detection.
Sanders, et al. (2000) Trends in Analytical Chem stry, 19(6): 364-378.

Syst ens[ndBiothemical kg is teasming an Greakiagla importhntacb] dordragined assgsl on t he same
chi p have been previ o%slé%t&di.sclﬁsed\ L.C, Waters,.et al..(199 Arnal. Chei
70: 151 7gctudine forsempls fordrigping e ppitomredhbassench B abreatk A6 iga c 8L or

conduct ggnReModi@ien BRA frabRfidiRtbasiaRed@l infdhlitRr sBtipdseSodday@iind NO.
5,498,392. For exanple, Yuen, at al. (2001) Genone Research _ 11:405-412,

3

pr ovi detsanaplpatermpatibility feregample adyenrenhinvsdusiandmedhyiechenpiry SoATiCt ed f or

the integralians ﬁgvew:aﬂf?%xﬁ%ggc? %e ROABA R dsR WhitAdan BLisrlRe® Clids, 3Ry f 1 cation

~ reactions. € mcroc conprises a mcro heater-cool’er and
' tests have become available for various analytical purposes, such as detecting pathogens,

20  diagnosing and monitoring disease, detecting and monitoring changes in health, and monitoring
drug therapy. Genomic data in conjunction with the ability o 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 st'ages 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 simultanecusly perform DNA
analyses such as DNA separation and PCR and thereby permit disease diagnosis or detection.
Sanders, et al. (2000) Trends in Analytical Chemistry, 19(6): 364-378. Systems where up to four

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

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

30 devices for conducting PCR have been reported; see ¢.g. United States Patent No. 5,498,3 92.
For example, Yuen, et al. (2001) Genome Research 11:405-412, provides a plexiglas-based
microchip module designed and constructed for the integration of blood sample preparation and

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

. _1“



24 March 2006 WO 03/035229 PCT/ SQ02/00251 5 a series of mcrochannels for
transporting human whol e bl ood and reagents. The white bl ood 2¢e\MafchAr 2006
first isolated froma snmall volune of whole blood in integrated cell -

i solation-PCR containing gate-like mcrostructures which retain white

bl ood ceM@03/045282it at a very low concentration and HGWIGRAEY (i.e.

3-5% . Red blood cells pass through the mcro-filters but tend to clog up
the filters over tine causing inefficiencies in white blood cell isolation.
The Yuen, et 1o al _-mcrochip enploys a mcrotenperature sensor, naking the
Yuen, et al. chip expensive to  fabricate, 10806 DNA m ro%rr &evi ces
are Al s@.seresof BRTeshangs len gsHopneiman WAPLs bloge agePife S HHIILPRIRO% cr oar r ay

technol ggi &5, %3&5{9&’\?%% G %ﬁ'&%lﬁfﬂg AF LAY BEd Rl ik8ai¥h S4IPREIhAR-PERT h

t echnol ogi'es exam ne expression in a sanpl e based on hybridization
r eact i onentaifiing gaiS-liké micosstmetyrebwhiet retsin aypite bloed elistatheiieh@ very dv ng about a

day t | et. A d-. al ' t, tO. tial
b ch aReHFREon RAATIOA BriodataRed pPaRran B LR BikPARHEbuaRR T 1 @

devi ces ot the Bltérks bes delceusiigeRetficitnois it hikeblood cell idlatidn. OTheo Yhdigetc i p.
100071 Additional disadvantages of the current_on-chip DNA anal ysis systens
havd0r eglemiqrochinyuenioysaFeproleaiperiven scapes JaYana the Kueh, Al f PRERTEHC sanpi e
injectigp.ahility, poor DNA isolation 20 and inability to conduct nultiple
PCR anal'yses. Yuen, et al. Page 4005, right columm. [0008] Nucleic acids

play a gi I ' _gﬁﬁg LGl Ll g inAg in
di seaseﬂiﬂgﬁa I(\a% @Oﬁaﬁﬁt@i‘dg‘%ﬁ %31?(?1 t eﬁf;%ﬁ?l?‘%? fgﬁbdﬁ %%%?%tgl on O etSéjgne
expr essDdWA midydarraylteziatologivs tredinowooEBNA dnreartay envl oligpahionanai. dSatlbnduct

various, t s.of nucleic i d anal yses to,hetter .understa Q enetic

o o et xdtte B RKAA ErRBy SERsieli T AR AR RN T

Hyb lﬁ& di fdtrd, agiayigazieh @@lﬁys_ atbc@iet: d&bﬁh,lb Mciﬁgrmdomya ddyao bcirlli;fiét gndfequieing etmmi';] ar ggt

nucl ei ¢ aci ds_ by nuclejc acid. probes under_controlled conditions thereby

enabl i ngoRAsFirEieRHP CoiuetFeGrE bﬁtﬁh W%?W‘%P%ﬁﬁﬁpé?&deé é’ﬂaences. _

Usi ng. Gyfnd ﬂiclﬂf&}rhﬁ&hﬁc%mcﬁﬁs%ﬁ damplepriastibRlobeliftesaRd Uhio 1R X pr essi on
we

studi es as as a variety of other types of analysis. For exanple, gene

expr ess; S is 1 ;,'ﬂm iNAf SEREE kddtenS A E RSE: of genes
has beewggﬂo&gﬁ?gﬁéggggsom ég’g‘g&&mﬁgg‘@gﬁggf st qltirg% ._%eo Many di ﬂglgase states
have belman tipartedst SwchAisadvaytagesiindndeiackolisamply mjestion @W{W%D&ﬁaﬁﬂé‘%@l genes

:: : gu?;t%n :iﬁ?alsﬂ’ghg h%@'gf&séng]#ﬁ%ﬁbans cri %)St' i?g?#’ Qﬁ@%gf%%dl?jh [ gglglgﬁelg,r O:Jgpect i on by
8 par Ul G Nl Seids i AAGE A1 if Sl pFlcEUA! ABiHRRAS I RMRE mlBRER 24
.. states by functioning in the control and regulation of gene expression. Hybridization techniques
_ have been developed to conduct various types of mucleic acid analyses to better understand how
gepetic information functions in diverse types of biological proceéses. Hybridization methods
25  generally employ the binding of certain target micleic acids by nucleic acid probes under
controlled conditions thereby enabling hybridization to occur only between complementary
sequences. Using hybri'dizatioﬁ techniques, it is possible to conduct gene expression studies as
well as a variety of other types of analysi§. 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 particﬁ]ar virus is characterized by elevated

expression of genes.



WO 03/ 035229 PCT/ S@&2/ 00251 s [0009] Chips to which nucleic acid probes are
attached can be used to conduct nucleic acid analyses. Probeg/CRIAreR 2006
attached at specific sites on the chip, such as assay stations. Assay
stations are situated in areas internediate between first and second

mul ti - puMyd8E@3eR_nnel s, wherein assay reactions are rRET/S@EYMGEL aj | ed
below. In sone applications, the chip may include assay stations arranged
in the formof an array. Cenetic nethods utilizing arrays on chips are 10
advant ageous because such chips allow for sinultaneous, parallel processing

that can increase the rate at which anal yses can be conducted as conpared
to convdfta9dEhips trevhickinualiic adid prpbesire attachetl ean heaisest tojcprdapigiuglsicasidp| e

pr epar ati gns legtr refic.se ' WY id nethods
Gsi ng. cPReeeRri e e o iy 38 8) b el Py BRIOR 885, 0,

i Nt egr atsgdos £¢ Hinateth RodredsSnianddigiebetwebiefipesmtsacond smitbpurgost olanRIR t hus

maki ng current chips and assocj at.e 5 t hods of . usi sane ve expensi ve
and non-VEEEHLSEITRACtpRIRTIOTIY Qs_dF@h‘éﬂbeiﬂY' grgfon@fappmagoqsn@gﬁlpf Blr"i‘yfrf?i"fv‘#ovi de

di sposall &y FhedR Ghided REHE¥drnl R en Myl IRh&R: &é&od@%ﬁlﬁng%mm sQfe carrying
out various biochemcal assays in real-tinme. [0011]. SUWNVARY OF THE

| NVENT| @ivapegdo} bectims spehechinstallpw asrsitngansoys,drvaleltnsapessing shat Py iBerpasp

appar at ld% dﬁ? %t nTorR Xna.f%%st %H%g g&%ﬁ&kd as]c c%létpargg toe%ﬁ'vgﬁlﬁi&laé %’xb%o&%ﬁ%é%b?i and

di agnosi e prese sence of seases In a | ect a for

det ect i pguiepbédintesivesaglepraaiaton ad detigophorefiosepghtionsaCogan etdeic acid

determ natiQns, The appatratus., conprises,.a subs t.e.wth one qr .assay
tat| ool SinEs DRS R SRR AP & PN A or SR whi ch
faci | it glfss bfdnicrotEApseintRnRdof PORIRE nSRAE berdnt ik anadssb&gbat i on nedi um
The apparatus can al so include an integral sanple preparation portion and
t he 16 nvawthiodnelFsiag saes very expepsve ag noy-digpesadel t det ection system [0013] The

present invention relates to a mcrochip apparatus _on which nunerous types
of assPE0]ckis apebjsetraf Shipingentios éo prpvidedispasalils migsechips perpaiting myltipies st t o

descri bgss%{}}fah% 0'5.[5%3;?{ mﬁg,aﬁ&ggﬁ%ég%%gﬁgﬂqﬂ%ﬁgﬁ&of a substance that is

exam ne trira eri ment, reactions that indicate the
absence,Qf Iﬂﬁﬁ#@.]ﬁ" r ?@W such as, but not limted to, a protein,
ant i bod!?,%iggs nucl el cbgm § ragrrel(r%l)tN as well as any indicator or marker

typi cal [y, Htl i I I I ARl -

m croch %lsijgiéhr?g%ea%tfl&g%%i?g{éecg@ t? gg{sl‘%rb%h%@g?sagﬁ?%%Fﬁygga%%%gﬁﬁ’r}%rach assay
st atb onexamiples fordetaiting ad diagivsing therpstseme o f ssemed! dissass is & attjeshandfafore] . Al so

“provided are [ ti.-pyrpose c nels _i,n communj.cation Wth.the assa
Dot | onSceiBegrP i SRS ABR LR of Sr P AR R € ST ot AT e
| nt r odugathriact sabstiechiddorer assghstitivas Biddhagddispvhictdare designed and arranged in
a manner which facilitates the introduction and flow of sample fluid and isolation-medijum. 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 en 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 nueleic 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

- mulii-purpose channels in communication with the assay station through which sample solution

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

3-



24 March 2006 WO 03/035229 PCT/ SG02/00251 5 100141 An enbodi nent of the

present invention is directed to an apparatus for detecting ag4d\ERRRE2006

corrprl sing a substrate, the substrate having enbedded in the substrate: a
sanpl e preparation chanber which may be configured for filtering white

bl ood celW@WMESBAnple introduction i'nlet fluidically RMISH&HI2%L sai d

sanpl e preparation chanber; a buffer introduction inlet fluidically

coupled to the sanple preparation chanber; a flow pronoting fluid chanber,

a 10 storage chanber for storing flow promoting fluid, the storage chanber

fl dcal | ed..t 0 .t flo ropoting fl dchanber and t he'sanpl e

pr glpalr at |ldo&i E%ﬁ%ﬁ@?dnpﬂh gt?xgg{epgp\{vg@%}ogéé @%ﬂﬁeﬁganfapwtpmmtamgm ui drrp

chanber . diEbse pirERiHg als%éﬁrﬁt%liﬁélsd%%té wvﬁ,{g%bggm téglsglnggn devi ce
e

for isolating,and pernmitting flow of Ae sanpl eparati on
chanber PEPEREPTohamper phichmay g cmﬁﬁvcbdd"héﬁmang Wh]t&f blocxi celiyylatshmpier pose

distribu 0 to th | ow- om)tln f|UId
chanber ; inhgaf%gg?ﬁ%?gdg}sﬂ "%E{ew.%‘n&o R& PFGPRg o X}ﬁJ_fﬂFP erp%li’%

fluidi cainle;l ﬂu@wpﬂse@upbd tdthe mmprsﬁaadﬁoﬁ Nchardbed; Aflov- §ﬁhﬁyhh§’ﬂmﬂ%ﬂé1ﬁl?er ;10
|solng‘5|n and él fl ow of af{ |dfromtheflow-prormt|ngf uid
cha %’a%%é‘%gé%r A 5‘1‘@%#18?{7115?18?‘5&}& %ff&}?e sipsagg ghagmber foidisally quplefier theher e
may be plowpebesbtiag ftidebintRAendibb s fid

i nt rodu&iﬂl oﬁ | nlmg% f1uidicall y c%ﬁg%g%bto t cl}e]% ?Pﬁsﬁlip&ﬁﬁﬁ%@g channel ;
second ntPvtPropeipsdud Wﬁ’élmeme@mw@bmn frurdhier copapripomesalitivnielice

fluidic d an y provide
vent i ng?blt\%?lﬁﬁé&gggﬁ gl ca ?;f[%%lotﬁg Rfe&aﬁ@OE&%%fmﬁtnﬁ%w pose
channel Pmm@ngéh!ﬁﬁhembqﬂ@iﬂatmﬂh@umkﬂhhﬁbuhohhﬂanﬁélqru%ﬁ@lly baupgrte tiche f1ow
promny a statign, = and the channéls, my be
enbe deg}g wf}% ﬁﬁgﬂr%}zﬂas)gbmt ?te] gﬁﬂ}é@éﬁ‘i‘y ation; the Jsstmulth parposg ghanael f r om t he
envi ronﬁlﬁrd&calliliou}n&ﬁldﬁﬂ:l bftapReidAeindBmRetdtioR rhrl?t‘ﬁﬁ
f1 ow pr ogog H% tbuhd gharr%gr gnd assocPaFZ‘Iél&qgllhlgégﬁﬁe}@amge %ﬂs‘fvor age
chanber O5F 8UgHopt theylowaramating Sxidichamber ithe aysapaation/nluralisy ofdssayiations. ar e
|nsteadFﬁﬁ{eirﬂfema}i%ﬁ&lﬁeﬁ%ﬂﬁhﬁoﬂéﬁ%fﬂa&rh%ﬂ%‘ﬁjggﬁéo DDlglngﬁ?f f or egoi ng
e ne

appar at ﬁs can be e oned to carry out Fnvent i on
of dete ?Iﬂ&?@“lécoa@@é értbe i muliqwmese dfanml,d}ﬁmdsmltspmpme cﬁajznag(ﬂhﬁﬁéo%ﬁ&' met hod

i's direphRidpule bR Rkt r or, absence. | Sease state, in a
test sanple fro?nEa sub] ecdtamgu(ﬁﬁ;u’ﬂad‘%gﬁ]fa say Al & a&ﬁ %H%P@ﬂgrﬂmeas but
not | i nyendng.vath fbﬁrﬂnhﬁﬂmdlwlmuﬁle&m}xmteh@id ﬂ]&lﬁJpﬁ%;ij’@aﬂ{eﬁ MEhe saghpl@ Net hod
conpris e. i solating device in the isolating

posi ti oﬁép g p%éﬂ%%rf%e St{%?)%ecc\lﬁnfxflﬁ dﬂﬁﬂ?m’mg fiHidchambes shgassavastation. and

dryi ng aniehearhsmplsstay bomibe(ddd within the substrate and can be, if desirable, sealed from the

environment,

o

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 todetecting a presence or absence of a disease state, in a test samﬁe from a subject such as, for
exaraple, 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 pc;sition,
depositing a specific DNA fragment in the assay station and drying the assay statjon; (b)
applying a sealing layer to the assay station; (c) injecting into the sample introduction inlet a
35 biological blood sample; (d) inj ecting a washing buffer into the buffer introduction inlet to form

4.



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

sanpl e introduction inlet a 35 biological blood sanple; (d) ipyedidareh 2006
washi ng buffer into the buffer introduction inlet to form-4 24 March 2006
WO 03/ 035229 PCT/ S(2/00251 5 a m xture of the sanple of blood and the
washi ng BYR#38522% t he sanpl e preparation, chanber; (e) PAAHE Y ed cells to
separate fromwhite blood cells, therein |eaving said white blood cells in
the sanple preparation chanmber; (f) injecting a lysing buffer into the
buffer introduction inlet to lyse the white blood cells containing DNA
fragments -into solution in the |ysing buffer; (g) injectin a.gas .into the
sanpl® p&l@p@iﬁapﬁbﬁSaém&ﬁ'ﬁé’hodtﬁh@héws}ﬁ%wgﬂwwgiHﬁﬁ’afﬂyf’g'@]i‘an? 8% he f1ow
1o pronot| i res (S Qi i : i cak ; heal

St or age CHaiE koS MR ont Ml b Sl G R B e

i sol at i Gam@k\wreparation gambert (9 injasting 2 tybieg byfar irgo the bakfer intngnetzoninlpptodpga
fragnments into th irst .nmul t] r pose .channgl tag the says stat.ion; (j)
det sct 1 e iRl clge VG e SR on i Tt e RS T, e

cont ai ni N\ {ReHPNInIE BapRMRion chirDer, (AEE IﬁSIM[uﬂchE ReinPuafringnRliey- and (1)

detecting the anplified DNA fragnents. 00171 BRI EF DESCRI PTI OF THE
DRAWONGrarootig]fluid chamber; &) diffpsiag a ghenica) fromibe ¢hsmisal Lorpg ¢ 10l YBcenpl ary

of The ot bl Eﬁ%@% il s B ke i6eRn 086 BEAIRNERY U b1k g HhaChi ngs

of the Ion; I's a side_view of the exenplary

chi p of cbhi@GninkDNAGRShenE ifio tBe fist multiparpowt éwuret tottheassqytatiosy (j)f detestiog

anot her sanpl e preparati.gn,i rate Pl),. .20 L0 rdance with an
al t er nat egﬁﬁj"ﬁ#) o) ﬁﬁ%‘ﬂ% %W@&#@ngﬁ%@ﬁﬁ@%ﬁ%ﬁ& &? s a side
Vi ew of JhReAéaRP DRI Gtefts Cind ) Geteding [ADifEd DNASRagi®n®. pl an vi ew of an
exenplary m'crofluidic chip in accordance with the teachings of the

i nvept i ggy17] BRASLDESCIRIPTERN OFSTHE PRAWING@W of an al ternative exenplary
mcrofluidic chip; 25 100241 FIG 5C is still another view of an exenplary

m crof | gmﬁlsﬁ 1361 PisiaPlRGSN SRRSEpet dbfaéd o an bRAGMIP 80l prepBativhdsegbted
invention, having sanple fluid and an isol ation nmediumtherein disposed,
[0025] KSRE clgpin ascerdaca it Sereshinghel th praserldemi®mry i crof | ui dic chip
having sanple fluid _ _and isolation mediumand a detachabl e absorbent; 30
[00261 HROLI] BIS. ddpi sifesview el b eppnyary pdp o6Fhdyi ng i sol ati on nedi um therein
di sposed, sealin :

g [0020] FIG. 3 is a plan view of the upper surface of another sample preparation integrated (SPI)

20 chip in accordance with an alternate embodiment of the present invention;
[0021] FIG. 4 is a side view of the exemplary chip of FIG. 3;
[0022] FIG. 5A is a plan view of an exemplary microfiuidic éhip in accordance with the
teachings of thga invention;
[0023] FIG. 5B is a plan view of an alternative exemplary microfluidic chip;

25  [0624] FIG. 5C is still another view of an exemplary microfluidic chip in accordance with the

teachings of the present invention, having sample fluid and an isolation medium therein
disposed; |
10025] 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 samp_le fluid

removed;



sanple fluid in a plurality of assay stations and an absorbent havi ng
excess sanple fluid renoved; -5 24 March 2006 WO 03/ 035229 PGH Bdréh0P8o6
5 [00271 FIGS. 6A-E show anot her exenpl ary enbodi nent of a mcrofluidic
chip made in accordance with the teachings of the present invention

provi di ng"QMBHE? seal i ng arrangenent; [0028] FI G 6F BHGIVERSt her

exenpl ary sealing"arrangenent in accordance w th anot her aspect of the
invention; [0029] FIG 6 G depicts another exenplary mcrofluidic chip nmade
in accordance +with'the 10 teachings of the invention. 100301 FI GS.
7A-1-7A-4 show an exenpl ary sequence of filling a plurality of assay

st at 5 on$00R7} FIGSs &A1 shotviavdtbir ek@Bidaly embGEmenBS h nii@otiuidinshipmiadedt spl acenment

f le fluid i.sol at i ' d | ' .
ol ural | oy Rarin 863 B0 P B e AR DS BB RA, T o

anot her si de_of pluraljty of assay. stations by an. isolati medi um

[00- 53] WpERFHnsR shovrtotkerbnGrniay SR pRneg et pshtidenst S Pisp g B ceal i ng
a pluralsyiRbntiassay stations; [00341 FIG 8 shows an exenplary anal yzer
system according to the teachings of the instant 20 invention; [00351 FIG

9 shows L@Es]aﬂ-‘lb% mliehiéfs aﬁ&ﬁé"ﬁ%‘g}?, 3 ERNHARLChIFBYAE inkdobldARE +uAthdge Or dance

with th I'nst ant venti on; FIG 10 depicts another exenplary
ar r alhgewashingslvAthenmygntive. uti | i zed in accordance with the present invention;
25 10037) FIG | | A depicts an exenplary sanple fluid preparatory area,;

[ 00338) [0B3@} FIGS. BA-iis7Aad stop qol cxemplasisegienesanfiillingfalplirelity pEgsaayatiations witha of
FIG | 1A 118\%_91 FIG 12 depicts atop view of assay stations having
exenpl aFPPIE Tior onot i ng st ruct ures: .100401 FIG 13 shows exenplary fluid

Fro 1a0eh0 e el aRraRy M ohathab' R Sheni Bl hohibbiepnite 100

enbodi NRAlikg on one side of a plurality of assay stations; *

15  [0032] FIGS. 7C-1-7C-4 show the sealing of another side of a plurality of assay stations by an
isolation mediui'n; ‘
10033] FIGS 7D-1-2 shows another exemplary sequence of filling and sealing 2 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 preseht invention;
25 = [0037] FIG. 11A depicts an exemplary sample fluid preparatory area;
10038} 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 exemﬁlary flow promoting structures;
[0040] FIG. 13 shows exemplary fiuid 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;
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[00421 FI G 15 shows anot her exenplary enbodi nent of assay station; -6 24
March 2006 WO 03/035229 PCT/ S@2/00251 5 [0043] FIG 16 depi ouspEreh! 2006
anot her exenpl ary enbodi nent of assay stations in accordance with the
teachings of the invention; [0044] FIG 17 is a side cross-sectional view
of an ex&PPBR2Eonfiguration of channels in accor darfRE@/Si%¥M26he t eachi ngs
of the invention; [00451 FIG 18 is another exenplary enbodi nent of
channels for nmultiple sanple testing. ] 0 according to the teachings of
the invention. [0046] DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0047]. The
present invention relates to an apparatus conprising a substrate having at
| easts orl@043h &G 6depicts sl duathexemplatyeenahodinesatof asmp staianayn adcatdanos Witls  at

| east a fi . station channel and in particular enbodi nrents may have
at Ieasttheatéictglélgglg a‘?sl%%%}l%g?’at ion channel. As utilized herein, the 15 term

assay s i cribes the area at ich a. parti.cul ar ay fakes place.
o par ¢ IR 3 fiA et Sl v ot 3h SR iaaivtal RSl B ounted by

i sol at i @ecoffdidiiih hotead®ai Bl Be inhe@icnai d first and second assay station
channel s each separately are in conmunication with said at |east one assay
st at i on{g04s] BIC. 18 eRBBér eRémplhrylefPdSEinteht Tichanels fR eI Akl Biifpose channel s
are provided which are in fluid communication wth said assay station. The
fird® nagcordingte thedeachipgscofdheiayentiprl first assay station channel have
internal surface characteristics conducive to conduction of a sanple

sol ut i olP08GlcPETAHSIYRESCRHIPTIOM AR BHE INVENTEBUeous fluid sanple is provided
, the channels may be either hydrophilic or are treated so as to be

hydr oph[00#4. Therpresgutinventisinaelatesrtoadiapparatys conpeisipp a peébsivite paving afddastronehannel s

(geonet [l G cteristi Vi particul ar ~.conduci.ve or_ non-conduci ve
char act SPERRE A MR B RO MRS B o A Ao SR iR Y <

havi ng ghrfidubarembodimbsts muehaye aniedst b cecohduisait seation thattel ARG utilized hsTein) tieat i on.
[00481 At | east one sapple fluid.,inlet {s in cq nj catjon with the at

| ealt fﬁé‘?%?ss%'f"? OPEGPBH%%‘%%%W@F@%H“&F‘ PEIIeS Rla%%. S IPACHAE rredi um i nl et
I's in CoRpodihdnf iPadsahistaion EftnpHsed RAféa Houhdel b RdlatiSEHOMEmE: bkaiiig. POSE
channel s. The at |east one second nulti-purpose channel has at | east an

i nt er nalhesaidiiaetandsrcondsssay statien shaneglsrack sepamiclypee ingAmsTunication wilhasie

sol uti o e fQhe 5% t0n. AL arra@elddft o?ﬁmlizsg s}__} .d%eéoﬁdﬂ%glf-@ﬁgosetcﬂ%ngﬁ%%n?r cat ed

mul ti purpose chaninel 1nner surface wou ydrop I Wo
so as tpovidedhyidelogye tidived copatigatibn DD 8aid assay station. The first multi-purpose

20  channel and first assay station channel have internal surface characteristics conducive to

conduction of a sample solution therethrough. For example, if an aqueous fluid sample is
provided , the channels may be either hydrophilic or are treated so as to be hydrophilic. In
particular embodiments, the shape of particular channels (geometric characteristic) provides
particlﬂar.conducive or nen-conducive characteristics to particular channels, particilarly 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 muitipurpose channe] inner surface would be

hydrophobic or would be treated so as to be hydrophobic.



WO 03/ 035229 PCT/ S&2/ 00251 5 (0049] The apparatus can further conprise a
sealing | ayer which seals at | east one assay station. |f despPdeNarbA 2006
sealing |layer can seal only the at |east one assay stations or can seal
portions _of the apparatus substrate up to and including the entire
subst r at a"&®¥EL. [0050] In one embodi nent, the int erPrf%VS(%’%{?"fZ’a’ce of said
first nmulti-purpose channel permts flowhrough of at |east one of a
sanple fluid, air and an isolation-nmediumand the internal 1o surface of
sai d second. nulti-purpose channel permts the flowhrough of at |east one
of air or an isolation-nediumbut is not conducive to flow hrough the
sanpbe 00491 The wosaus ran fardhst Rempiese s Gealing yergThigheals phjeast onsrssay Kelipmt er nal
surface | &fond assay
station Ifg fAhne g%é%nﬁ%]%?%ég gﬁégaalgﬁggﬁg%t I?agﬁ%gggs?ﬁitazfréége@fcﬁggé%km?%e second
assay Stpgarais sobaratealp t@nd ihdhadisethe antiremibbtratpsmfpase channel are both

non- conduci ve 15 to conduction of said sanple fluid. This enbodi nent

furt hlelr [6056) ﬁi(ﬁle bm};&diﬁeﬂt,ﬁh@iﬂehlm i;lﬁﬁtc@éi;saiﬁhlfmtmulﬁ—burpﬁketchamlh]@e&ﬂﬁsa}/ s':] ation
as we as the sealing and isolati.on of the assay station..[0052] The
Subst r afewiuepehal %‘ﬁ’?‘i‘ﬁﬁ?gﬂs ifaie g o4 BelShorn ey AP B

mul tj - PUERES 6f Gi¥ABARN SrltBhifpdse cRARBR SR thOMowhibBgtPoflk 1hdlohé ¥f Hf orapsay
stations via the first and second assay station channels, respectively, of
sai d pl isplation-peditmdutiagotsrrdicnso fawbrosehithasample Bfidassay stations are 20
arranged to provide at |east one of sinultaneous or sequential filling of
t he pl ufo8sl]tip apdtharsphydimsutaf therisveniion, thetimersal spifase of te candidpurppssrebarastuct ed
thereto via the at_least first | ti-pur -first assay
St at | oW et or W AR bt g Rt phenB BB R IO B ALRONBI 40 2
arr angegie kézofd viytktatioh clanad ind the sedond it hapee chimns acdgtiemniahddcivel i ng of

the first apd.secon | t.i -.pyr pos hannel.s wih.the.isolatiopn nmediumto
seal’ t hi@® ‘ﬁ’r“ﬁ‘?‘} ‘ffia‘g'f‘a"géggwdsmie g&%@rﬁ%ﬁlsgﬁﬁ‘ﬁgﬁﬁz@?ﬁﬁwﬁcan_ have
di Sposefhid frhehRaPdiatloB ASiwelP AL SAkDd AIY iHRSRYN oFRORRALAAonOr  exanpl e, i f
PCR is contenpl ated, the reaction assay conponent can be one or nore

Pri mer sjoo4p) e sulBtrRE e4fhe cb d ek ATt Balt!fivdt 8nd 2bald HBAB-paobdchannels

~communi cation with a sanple Tluid preparation area and the substrate can

i ncl udearain dogumymicgtien with aplywkiy of agsap pations Visibedhahipd peoppd a52h#8H0Br nay not

30 hav {d - aﬂﬁﬁ : : j | LN at | east
one of ecél %ﬂglséﬁg%%%*egéﬁgsn em%jllﬁcmg rg%gi %%hgggﬁaﬁ%ﬁgggiéﬁé}gﬁug% 9—%!)\é?rlasubst rate.
24 ar clra@gid6o WOviis AUBSPRE dPSRBEERL)026quebiiyl GilESs ot Heghirhlsyobdssayanpl e fl ui d

i h h | bstr. facili i d i f
B e T e R

i Nt r oduhidninels a6d 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 chamnels with the isolation medium fo 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  havealid. At least one element for controlling fluid flow in at least one of said channels can be

incorporated into the apparatus or substrate,



flow pronoting fluid. [0056] The chanber can be in comunication wth a
chanmber for mxing said flowpronoting fluid with the sanpl e2goMarcB2008
[ 0057] The present invention further conprise a nethod for conducting
reactions_on the substrates of this invention. [0058] An exenplary nethod
i ncl udes W&P¥E#i ng a sanple fluid to at |east one saFFEWM%L; "filling
the at | east one assay station and the second assay station channel via the
at | east one nulti-purpose channel; allow ng isolation-nediumfromthe at

| east one isolation mediuminlet to 15 flowinto at |east the first

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

one &ss P58} Bhe fipw of ssple Saiskin 8i¢ channels en thesaisirate sin bafagiligipl g sheat | east one
of quali i i t-at kv . dat ] esul t.
The ‘at. 1ugayetn B s aSW BRIl 18 518! B shile MHATRA Ehorfoc B ABBAALE of 021
utili zi flgwipreiastdgdingle whi ch can be provided by at | east one of
intercalation of a flurophore or fluorecently |abeled probe. Wen

f | uor es pBBEIETiech@freyeist in thiemasicAln Sidtichatbe? Qr nfixihp aid Abspraidingan be
irradicated with at |east one excitation frequency. The probe can be

| abel edfi¥g vt thesgoplespltiof- a f1 urophore, an enzyne or conponent of a

bi ndi ng conplex. The result of this nethod provides at, | east one of

qual§ t al009d The pepsentenvestionfurthes comprise aimethgd oy copluctingyeantigns ¢ they pej ng

assayedg Exenpleaky, qughi t ative or quantitative may be exenplarily provided
by fl orescence resonance energy transfer, |um nescence or calorinetric

change, el ! i i .ed on the
subst w005 (& Ry e Rotides llodlaRL L Bho1c A LR ORScERIEIL

t her nocfjitihg the atleastiond agsay stafidreartddbe sesantpbay siatiorbdsagrebvie dedit teastohe appar at us
by initially subj,ecting the.test sanple.to,at ]east .one.preparati

ober at | BAKPHRESE Hpick Ao vO8 o Bbu T RARC i B8 oplsf S MR R o i
subsi r ey ko £ ddastike PerhaltigRacbosd chahnel; a@@ Ainnidp &t Ipdse oy reddtive aishidtat RAstwhi ch s
upon or within the _substrate. 30 [0060] The at | east one, preparative

oper at i W 285ghStaegy @Réﬁ?ﬁ!"é‘,mﬂ’r‘*&ﬁa Stafirprayides gt legd o %%féi?ﬁ]itgtb‘{eé’r for use in
the reagbifeldttaber SQRRICE SflodtiridY8stS TRY aiQbaat drR 38 qeilitive oSgthaRkthiRfee

[0061] Additionally, at |east one assay reaction conponent can be di sposed

or pl aclett cemboohipipedutilizing Ayercenmee whish gancheargvided by Thisast ergcafiigfersalpign provi de
for th ' LBl obd) WG FRlofesscded 035229
PCT/ Scﬁﬁg 8‘8’%’% J}rggr g%:?r%e}s{%f&g‘%%:@gﬁ]égt 'S tgiggeg%e?%%ggyg{o?%, \%g %&aﬁggé{sdi sease,

a [zar t ivethe anbsfrhie cat Yypieradicated it atrctistind waditatior fréquereys ﬂlacjnbb@canénei ati.ons or
di 11 er G503 vy SHEM YR A ol M )EL & B hPHISREES, LG e

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 - 00597 If desired, the reactions conducted on the substrate can be conducted under temperature
control, for example, thermocycling conditions. The test sample can be provided to the
apparatus by initially subjecting the test sample to at least one preparative operation. The
preparative operation can be performed separately from said substrate or can be performed at at

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

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

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

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

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

9.



si ngl e nucl eoti de pol ynorphisns (SNPs), tandemrepeats and insertions
and/or deletions. [0062) The at |east one reaction which can bg FRIIEKCPE06
includes a nucleic acid anplification step, and the assay reaction
conponent mght in that case include a prinmer or prinmers. 10 [00631-The

met hod ofW® #3f3%enti on provides for sealing or isol atR@SER2He assays
stations by displacenent of sanple fluid in the multi-purpose channels by
an isolation-nmedium The isolation-mediumcan be introduced sequentially
into the at least first and second nulti purpose channels or isolation
medi um can be first introduced into the at |east first multipurpose channel
f ol | dwedcidysequengedbil éx dsepniaied wathtviralente, fliscast, 2pationle phenatinswr pieadoidmahel . The
i solation:-nediumis. .15 typlcally.a.mterial whjich is of .0 site nature
as. conpdl BUFTtRSER saiati ok Wiefiees! S Vaptiond ynelai el e onf S8BT ¢ i th the
sanpl e fsnglethuclet{ie4dlymidphishils (SR, thrdiemetpeas ahdinkepiond Al /sindefutions. des t he
purging of air fromsaid at | east second multipurpose channel and the

pur gi ng (8062 Thdlat SABIULE rehabtibinGvHidhQah S8 bdhdadted Balbdes hintiSkic a6 binbRdHOS €
channel, resulting in the isolation of said at |east one assay station

cont ai nistp and the asBy sweanCompeneat might injthpt gase inclide a PBEILI PRECTSs 0| at | on nedi um
is solidifiable, the instant method includes a step of at |east one of

sol it@i f y0963] Theupsthey efies ipvsniiorprpvilesfossepling os isolatipnef theesanmstatipedas1 A

parti cul I 1] p ti is directed
to sanp F@la%?%ggér}{asf“{ﬂg g!ﬂ%%rﬁl%gglggq%gbﬁg?%ﬁggsng%gy Bﬁmﬁ@?‘@% ]lﬁl?%ﬁlg gg?/i ces and

met hodsisoktiorsinadjumuweinbeiatrodresd seqiratialljeiuiodhesat lastdirstehd sdendohultihermusesent

inventign facil.itate anal ysi f nucleic¢.acjds,, e g. to 25 rapidly
ot oot SRapgT onitet el ri it e i HGaReT R e Byt B e 2Bk,

devi cesflibwbdiby Rfr6&RAbn intotHEHTdatbeCohd nalliGMiridee ehaRkLl Uhe ithtRamthaBmamp! i fi ed
nucl eic acid products _faqr e.g. pharmacogenetic determ nations such as for

gendi i ctypicalles materialivhich inef anopposiie palius 25 penpasdrp the spmple fluyy thatiget ect i on” or

" det ect L Bg A RSmisebAVARIRS Snple Aidi cate that a subject test sanple
contains at |east one disease-associated nucleic acid. By "device" is

meant :[rl])gﬁg Provhifoduddda OF E&E@&ﬁﬁed%glll %%o%{ﬂég{hé RSGE P & YrolQadRRagOr t nucl ei ¢

aci ds erformnucleic acid anplification, such as polynmerase chain

r eact i owcqr@RytipuTpase despidd endthn pugtngol sdid seniplebrig Gomtseidat lsas firt necessary
for on-ghip | L . ' [ . h, a LCEO-T i r l zed to
" ColiplEh bRl St 1 39 B b e =
acczr danamplevdsdidhiohhin the esewhere thedsllation meldhif ivedlEitfidblesthe dtantwethedi dl y

anal yzed .from a test sanpl £e..0. a hiolaqgical .sanpl.e,. one..enbodi nent,

once - 6eArS R AT S0t Wbl §iEanguns adebMsyBa e e UEeEtRt e devi e,

e O GhockR TPkidafr BERY ik B ok 1Bl SREASS, 05 BRATVSS L. 2
preparation integrated, disposable, microfluidic devices and methods of using such devices. The

devices and methods of the present invention facilitate analysis of nucleic acids, e.g. DNA, to

25  rapidly detect and/or assess the risk of diseases in biological samples. The devices of the present
invention can also be used for detecting amplified nucleic acid products for e.g. pharmacogenetic

. determinations such as for genetic fingerprinting, As used herein the term “detect” or

“detection” or “detecting” means to diagnose or indicate that a subject test sample contains at
least one disease-associated nucleic acid. By “device™ is meant a chip which incorporates

30 elements necessary to transport nucleic acids and perform nucleic acid amplification, such as
polymerase chain reaction (PCR). Tl_le device can optionally iﬁcorporate elements necessary for

-on-chip isolation of nucleic acids, such as a micro-filter, sized to trap white blood cells from a

human blood sample, for example. In accordance with the present invention, DNA molecules can

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

~-10-



or assess the risk for developing a disease. A "test sanple" enployed by
the present invention includes aninmal tissue and bl ood. The S RS
preferably whol e blood. In one enbodinent, a tissue honogena?§‘¥¥ﬁgﬁg%gos
sanple froma subject is tested in the assay systemof the invention.
Wiere a tWQ&B5R3nple is to be assayed by the device BTSHEIMBES of the
present 10 invention, the tissue sanple is conventionally honpbgeni zed,
digested and filtered to renove solid debris and obtain DNA in a sol ution
whi ch can be applied to the device of the invention. 10066],. For -exanpl e,

t he presence of infectjous pathogens (viruses, bacteria, fungi )r ot ozoans,
mi cr obi adPPEpdyierihedryicsthe ted sqmmlels assayedin delemrine ﬂlﬂms@c%@rﬁbmcm’éee@se@& by
provi di | = Lif s k I . .ed with a
Pl Cor escaiiect s SPECkbhite PUASE. RT S bionf ahHBRAEY me iRl RRFE
conduct edclpdaseuiin! tifsee ahd\biopd. The tettaapple heprefiedably evhale Hidodofesieent si gnal wil |

be produced.if the, test sanple. confain he disease-causing virus,

F ol | owi g PR GOEHF EPGIRBYF G-IoQLErPEFBh BEbieH 1 FER BRE SR DREET RS
present thameertdoan WHeR adRéve ¥afiplt A8 be 8d4ied Bl ThedViBandMidthods DOMB pled&dini ques
such as venipuncture or tissue blgPS£. Wiere the 20 biol ogi cal test sanple
i s d¥ri JesnHeR dheiieerelnissanYeatienally hemogesized, digsttesband filfersd do ramove seflie
sanpl es 43,8 f, j s | ' ' nts.

Depond fe oA OF R DNA R Shaith Wiod Affhe b fRd BTk BLBCEFRL INRIE 25,

conpoun ‘ I ReTrcles r ionakly fr in .solution.

Ani mal sq@gﬁl g?rl%fxgl%ﬁg%ﬁg?pr? Eﬁ’gcepdr &s e%f)%g%ai/ﬂgoﬁtﬂl%gﬁn%ﬁ%:b% en,a’ oF" %r)?g’r%ﬁ?né‘;’, humans,
repti | emicrobiel@gtrosis, or theilike) os paceess uand wdo beddidcedtbaprpadisg s uglx-as dogs and
cats. A preferred animpl is a 25 hu bei ng. [0068) According to the
presentsﬁﬁﬁ%ﬁWPgﬁ?r Hggﬁgﬁm’Emggggﬁﬂﬁi%ﬁ%ﬂ%ﬁﬂﬁﬁgkﬁﬁﬁﬁﬁgﬁéve vari ous
changel fidore®eBi AMS tdsi saﬁplemmis%ndd&cﬂtﬁﬁﬁu%hﬁé @cs 1o ﬂE?ﬁﬁEﬁ@ eaFOr exanpl e,
t he mul ti pur pose ch_ﬂnnel S ngy have | engths of about mm to about 500mMm i n
| engt h, Ypreieraisamel Wil brpioducsd s the tesipamnicicantyingihp diseaserasBETN®. 5 nm t o
about 1gigWdg P ckness. The assay station channels 30 may have simlar

di mensi ons and have exenplary | engths of about 0.01lmmto about 50mm A

sanpl e puEAABiBlogRA! B SR Yn RE oA Wil thc@m@&ﬁmw A0 b QgD and width
and about .5 nun to about 10mmin-height. The device can contain one or
mor e safipiestsiuging sglidnpwntctmiquessuch pe vasipunctpreer tisaerbiopsy, Winege the nor e

i nt ' date fluid fl ith. f f
ont 25 o PBEAe® BRI GRS B IRRRRIRAR Gob bthiidobriC Mool Ridissiher o 1y
hydr ophwinples ere getidralPyiobidirrable TROOEYSANOCK BrodB3&iAZ Plants. Depending upon the particular

embodiment being practiced, the test compounds are provided, e.g. injected, or optionally free in

solution. Animals contemplated by the present invention include, for example, humans, reptiles,
livestock, avian species, and domesticated pets such as dogs and cats. A preferred animal is a

25  human being.

[0068] According to the present invention, the device is a lab-on-a-chip which can have various
channel dimensions (i.e. lengths, widths, heights, diameters). For example, the multipurpose
- channels may have lengths of about 1 mm to about 500mm in length, from about 2 mm to about
10 mm in width, from about 0.5 mm to about 10 mm in thickness. The assay station channels
30 may have similar dimensions and have exemplary lengths of about 0.01mm to about SOm;:n. A
sample preparation area may be about 5 to about 100mm in length and width and about .5 mm to
about 10rom 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-



PCT/ S&02100251 5 hydrophilic or can be treated with hydrophobic or
hydrophilic nmaterials, and one or nore assay stations for nu |
(e.g., DNA and RNA) anplification. The device al so preferabl yg(f;wiéa{i&ﬁsgooa
| east one nucl ei c aci d-adsorbant surface, such as a silica-derivitized
surface. WHB/HP&2Pce nmay alternatively contain at | easRCHH@2AAbr ane filter
for separating white blood cells froma test sanple. In one enbodi nent,

t he met hods of the present invention are carried out on the devicet o

foll owi ng extraction of a bi ol ogi cal test sanple for substantially -

I mmedi ate detection results. By "substantially imrediate"” is neant results
can be Q?dr@;blﬁﬁdoﬂdﬁn&@mtedSWﬁhnhydltopbo‘cna)ormydﬂophlhc natenials, and epezon GroARASSAY

enbodi ment, the rese nt i SO at.es ssi ng
o - chi gistignsdomBieigenss & S Acnd R PR g BEd T eRbE PHARED
later t ﬁ? tgﬁeer%ﬁﬁ%ﬁlaﬁ&rﬁaﬁt Semed, Shdhlas a SilEd-@X S Hizvd l@tﬁa&d’léﬂieelshcsmapl eis
obt ai ne romflow cell sorting devices or centrj fugat [ OEP %s devi ces, and

the Ii keuer@ampny@oqnmapak@t prigrmgmmtyensdies for sepaphpg Bhit fdhd in

Sanbr ook ec I : @kt ion.

and/ or Baénpi%g%%ﬁdn%q?uﬁw\'fb h%i G 0995{&90 gglg%ﬁg gf%ﬁ&léhettogmvﬁl ch utilize
col ysms foeiitgasxEradtion of abiolbiiéal t@sﬂ%ﬁ:]le foosubptastiafly inmesdiste deteation results. &% aci d
nol ecul es_that may iphihit s tien with the
1 Uor escaktataEY ynelar it ERCTLees op BByt Shns Bl 2albie gy

convent tnoaﬂlehabyerﬂﬁcrdﬁﬁénm préve iSRHHGLAM doRRmPRRS b@.pr@piaipwcean@ @qﬁap ate from
t he device of present invention. The pre-proc I ng npdul

conte nphlah@dag@frﬁmteﬂ vampe, Hipagcspsing ig ﬁ?fi‘ré%l?tl aﬂateré’c‘?ea gﬁe'?’iﬁ?cisﬁ@g EF&?P‘?%HY)f t he

present | 8}"7 \gﬁaalﬂé}kg;e%s Jﬁ’é‘l‘itua&'&? Icq}Huﬁcelﬁ&%n SEANEs & QAGifTRHM e 1S

i nked can connect to sanple inlet 2 of the
devige @eﬁudeb}em@ﬂeéka.t Sarmph/pmparmw PRBoqoBIROPNros R¥iAatsn e fypind inppasetsaddi ng i s

perforned o n ac rda ce

pr e- pr o s&f@“b‘g‘g 3%? 8”% E‘E‘f 0&!\%&]{ gbésge%gr glltl% d tg%trbt her

bi ol ogi g&h mb@mlmvmméolﬁmﬁmmhmelmbmdm&sarrpl es such as body
fluids (inc d| ng bl ood, feces, sputum aspirates, swabs), honogeni zed

ti ssuesyogggyntoR réﬁ}msmmﬁumwma molacmmhﬁmayaﬁ;mwgab@quemmpldicahgan| sns) ,
envi ronnent al sarrpl es (surfac ui ds) and the |ike.

These s@]ﬁﬂﬁ’é’@%’ﬁﬁﬂéﬁﬂ‘@f@% fyéﬁmgp‘éﬂﬂc%%tﬁfe“iﬂff?%%amc gﬁngé& ampl e, the

pf e oent ?ﬂg@eﬂaﬂﬁmm advece ViEH GRPE nffuIsE s@afatefmﬂﬂwuawbabﬂtms of :
ece Is a buffy coat centrifugation_ separat] 45 cultured in

Vi t ro a;mlsenunv@nem Bhatweiperessing module setemplated tophalg, Wik é%dé?rrﬁgl i@li¥er f or med

of f Chl d SRR s

aspl r at &he devﬁ(;%%? ﬁ]r:f’lls‘glrt r\c"lcgﬂjoglqgé Stglydn%&%g?égalﬁegg‘lgsetmsﬁh as a 21G 28G

si zed r‘iﬁﬁd& By a liguid 38tveryamip whiclTtes conmmot ie seraple Indet 3106 the devire afithmerasent

chem cal s, .such as guani di umi sot hi ocyanate, for
: invention,

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

30 water/liquids) and the like. These samples can also be enriched and semi-purified. For example,

" the present invention contemplates enriched or semi-purified populations of: white cells after
buffy coat centrifugation separation; cells cultured in vitro and cells obtamed after flow sorting.
* Preprocessing is petformed off-chip to disintegrate large p1eces 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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-12 24 March 2006 WO 031035229 PCT/ SG02/ 00251 5 exanple, to inhibit the
degradation of DNA or RNA if sanple processing cannot take plgpeMarch 2006
i mmedi ately. [0071] In accordance with, aspects of the present Invention,
DNA and/or RNA is isolated froma test sanple. The DNA and/or RNA is

adsor bed WAPHSE2Yeri viti zed silica surface i mobil i zedPGHSGREEShi cr odevi ce
I n the presence of appropriate buffers such as guani di umi sot hi ocyanate and
10 NH4Cl dissolved in water and Tris-HCL adjusted to pH 7.2, for exanple.
The nucleic acids adhere to the surface due to electrostatic charges. The
adsor bent surfaces contenplated by the present invention include: particle
beads ( gkaede. el thealegradation hfére RNA If sémplé¢ proesssinpemantdgeqtiace parti cl es
innobiILzeg chanbers by nagnetic fields; and nenbranes or, filters

!
al | ow ngl:jm?ll %lﬁt?léf’s to pass through based on ionic charge properties. 15

[ 00721 I 1ized or trapped nucleic .acids cqQnv ionally washed to
rermove eaﬁ‘?or‘gaé’f“f mﬂéﬁgg‘%&f{&éﬁ p&?ﬁﬂ“%\‘ﬁ“ﬁ%ﬂé@;ﬂ“gg’? ﬁgll.tﬂels Eﬂ‘&;ﬂ‘m‘ﬁlg t hen
el uted fy saﬁamg TREDNACanRARYA i9hdsoftdd bR6 & daRGH-RE sitbiLduehte ifidbitish By buffer
of neutral pH (including water), either by forward-flow or by back

f | ushi nie mrpradevicgiigthe gresmes efippropTiste Peiiue fuclors guaridininrspthineyanttaeibn ar e
carnje | | E 'j‘éﬁl unps . t.Lye . .pressure
suctl? oﬁNggri@pdg%P??q/%%%?éé\é@duﬁs. gg%i re%@&r %%?&aﬂ g’%ﬂ%&% gg&%{(r: "élmld t roduced

i nt o t hadhcevs the suica guaioelectrostatic ehqugmpEhe adsottenbsirfages cogemplptedbg thenanual

syringes ristalti u r vaguu . [0073] 1. ccordance with one
aspect %'Fsegﬁgv 82518@‘1?@5@%‘?:%82}?3?@% I@%“{ég)ri%@% laggaé‘?bﬁ‘lsiﬁgﬁ i%fe,r%d at assay

st at i onguanfagléd fatticles a1 Y Fignders 87 Siaptktie BB Ahd ABRbRHEL @tHiRsOPt i cs for
acquiring ..ipmages can be enployed to detect |ight of specific wavel engths
enitted Wﬁmﬁ%s%@?ug}hb%s%@@%h?é@ PrRRREPSSi ¢ aci ds are sel ectively
anplified to sufficient quantities for direct and simultaneous detection

wi t Foutl0®2] dmmebilized ardternsd spcleifprifis are epveniosalypuashqdgo raovanpwanied at i on
react | QRm&RbAIIHIHAbNechIE THE Y B Lt b EaRe leRhaBERFP! ©

pol ynmerase chain reaction, |igase chal.n reaction
anpl i f isedzde@nd/pransleicneil using buller of serttetipibndludisg waudregberthydoserd-flowvon st ep

(enpl oyj Z _ erse, transcripti . 30 for. lifying RNA
{ar et 51 PEOERINIERe AR HRIAR Bl b ICRAS AR P o pifisd e

enbodi meing passive vescties valen and pubipspmegaive prdssur€ Qidtiorne Goitivdprbdaare DNA
amplificatign step. . [00751 In accordance with the present jnvention,

nuciei ErrblY B SRR tﬁ%&%&%g O A FOFHRIRRSgRICH 8% SHHiREH
conve__ng;h;ap@knahﬁ@gﬁmgss,f,g{stauﬁtq,uaﬁspbwdcgﬁﬁbﬁﬂpsr_ eaction such as enzynes,

[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-transeription 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 corbined 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, dcoxyribonuqleotide iriphosphates dN'TPs, fluorescent dyes, detergents, salts and
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prinmers, deoxyribonucleotide triphosphates dNTPs, fluorescent dyes,
detergents, salts and -13 24 March 2006 WO 03/ 035229 PCI/ SQ02500ffskch 2006
buffers. In an alternative enbodi nent, sonme of the reagents (particularly
prinmers and/or probes) may be pre-applied to the assay station and dried;
these red@MBSAP || be solubilized on contact with thRCT/HEIM2AY
sanplelreagent liquid mx. A second liquid in characteristic, inmmscible

phase such as Mneral oil, wax, and the |ike, can be added to the chip
t hrough one or nore channels after the sanple/reagent m xture. The
imm scible liquid wll "seal oft" fluidic access to 10 the assay stations-

and &ct taffers. vpsitembtivsambodimentosopreay drtredghms (pariznindyl prineisrgd/of probhes)
contents of the assay stati w t.h that of adjacent S stations. [00761
The. acs 5L A BRASER sy eBeinnbdiabost adiols Yl bt itk 3k ey s ayed
hi gh denrgihtie incbibfdmpléhehivat KBk Aecdhd lqhidtiR ERemfHIRNRARSbleW t h each
havi ng an exenpl ary volunme ranging fromabout 1 pico |liter to about 50

micro | iphese suchps Miggr odlnva, aydtfie e caiche addn te isabipitirorgh ans osingid t aneousl y
anpl 1Y Riifeiclaner oo APl EAGliflEnP TR fMisdle AR it Qed Bera il 20h0R0 assay
stations. The present invention also contenplates the Inclusion o
i ndi Wi dthelabsap dtatidne andict goaiphysica barfrier togasvantdbemwasted tiixims of thavcatgnisaffer r ed

| ected to common thernal paraneters.

enbodi ngnt, the.ass st at i..ons, are b

Oommn%@?sﬁﬁfa %lr‘ﬁ'%tthgtra a?)‘@?ef’ffat“@ﬁﬁg? actions in each assay station to be
optimz a single set of thernpl conditians by varying the design of
Che annM7GICTE s Safed Godfeiroe e oL B pn i ple e Reh deit o For
exanpl eeittefia taoqatchdnsions 6:GA Hr@athbmRbnE B AkChavis 36 ex@hpI A bolBhre Fatizlpd

t hrough _a set of predeterm ned tenperatures for exanple, 95C for

denat ur &om gbout § picg ditsr tbopt 4 ricrodiigre al hayesenijinvenien hgs thesapacy 2 C ext ensi on
ste Py : lif i | | i hermal | y at
S st B B B e T P et

i nvent i #ations. fde presaatinventioh alshsonderpilatés thainclusion pEindizidedizedithe@al contmilt u

honoge et ect enm.tted.specifi.cal In the

or o5 onclt aph s et et RRERAE a Tl S SR B bbER b chfpmigh

f | uor opthamel paratetap &rinfri@ethérnal parntetsCpsmitthe bacrichs ig eavhtabsag ettdbrerodler and DNA
such as _ethidium.brom de.or SYBR Geen 1, for exanple. Alternatively, a
Speci T PR LU TIBHE o Lo R LCD e iSHin T A B O IR GR hor o | abel ed
ol | SPNUEdcabM, loflthe REIRABatIAES BIThd fe@iRfifs© ForQixaihpMOhE SR cai RSORADE P RRETIY. I N
one enbodi nent, the 30 detectigon step_can be performed after the conplete

anpl i f iREE PIEIET BY BYobag thrqugh aisehoh Bredetefrinndpraprraturenor gele, P3IC Bt ep can be
per f or nghnabd &l 50-HEH o8 ertaﬂﬁeraﬂﬁé, Wi Ok GRthodtd 784¢t J:)Jaensﬁﬂglte 3 el i ment,

the detection Step can be perfornmed during Internediate points of "an
the amplification reaction is conducted isotherinally at a constant temperature (e.g. 60°C).

- [0077} In accordance with the present invention, the products of DNA amplification are detected
25  insitu homogeneously by detecting fluorescence emitted specifically in the piese_nce of
amplified DNA product. Detection is aciﬁeved using a fluorophore 1ﬁ]a’t specifically fluoresces on
binding with double-strand DNA such as ethidium bromide or SYBR Green 1, for example.
Alternatively, a specific DNA sequence can be detected using one or two fluorophore-labeled
oligonucleotide probes using transfer of fluorescent resonance energy. In one embodiment, the
- 30 detection step can be performed after the complete amplification process. In another

embodiment, the detection step can be performed after individual thermal cycles. In still
another embodiment, the detection step can be performed during intermediate points of an

isothermal reaction. The detection of amplified nucleic acids is performed with a digital camera
using excitation from an off-chip source of incident UV or other appropriate wavelength light,

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



I sothermal reaction. The detection of anplified nucleic acids is perforned
with a digital canera using excitation froman off-chip sourc@4ofidreti 2006
Wor other appropriate wavelength 1ight, 35 and off-chip detectors for the
emtted wavel ength. The results of detecting anplified DNA -14 24 March
2006 WO d@%@é@@ PCT/ S@02/ 00251 5 products are used FGTREMYF son agai nst
a pre-anplification baseline which is experinentally determ ned by the
fluorescent em ssion reading within the experinent qbtained at
anplification cycle zero. Alternatively, the pre-anplification baseline is
determined with respect to different fluorescent probes at the Sane assay
st at iSon Presfuctsare pssdrip BeBPatisemaeivet o peemplifivetior bagiling svhishtis experigentallyat i ons. 10

[0078] |itiai f . . of, the present. i nyention.are
carried d%tﬁ“tﬁgﬁf ﬁtgé %‘g"s‘?ﬁé&e}&%‘?ﬁ%&“ Fgg%ﬁgﬁrﬁ%lgc eleﬁp%fﬁ{lﬁni gbq%lg%({]agﬂ'glﬂg‘iapo? he

i nt egr atcpde sre nkltersatively the pd-afnplificktivebdselivg it Berpiied avith@espéct tedifferentvi r al  or
bacterial DNA in.a biological sanmple and assessing the risk of disease. The
present %“?W&thf‘%?ﬁs ?tﬁﬁ%sag’(?ﬁ?sé g%‘)’e%r ‘Y‘ﬂ’élrgil’fé%?mcfb%lﬁ?t’coaf phtlorend agal i t ati ve
measur egifigs. of DNA can be used to assess the subject's risk of having a
di sease or condition. For exanple, the presence of a 15 Bacillus anthracis
DNA 1) N 008tk isGRetdtted chat il GtHREs &ftRe il Slent] ‘ h

bact eri g}m ﬂvS\Itt/hi ch causes ant hrasx an(}ﬁmyﬁﬁ‘;eena@arrlpgﬁﬂ?%@ﬁg%%‘q%%e%g?sease
associ aleb@niarhipdgivich contaiataldhe biegratadiebmshiseenired for Befedting the passerdveati s DNA i n

Associ of BV TRet B HA O hiplogRe P BfeSo

—

;.)E%td dé)es, g%t. agaei t he
UNBEre SPPiE SETSE G5 BAS PP RISSBE vir al
di seasemvention fwovwmtauplites that-botheyutitititive anbauatintive?Bedsarenehty ol ACkEeB: i N a
t est saﬁé% i n cordance with .the . present invention. Such di seases

|

det ect a aﬁseﬁs?ﬁ%?‘ﬁ’é Logk ffhayinga fiseaseonconditiem ks axample. thearesense ofre not

| i M4 edBicillus adthracia ONASHE® thst sde mﬁﬁﬁkﬁé\ﬁiﬂj&% BasheSEaDEved A i@gbac{é%ﬂﬁf itis A
B; and C, tuberculosis plague, and malaria, In another aspect, the present
i nvent i%ﬁqclb‘@PW@%‘}Wéma@% ¢ #aisk & havipg the dispaseresngizied hergwiksei ni a,  ast hm,

al | er gi @siwersdly, ¥R MB5ens@bEB AR ahitrabio PAALRISOR isﬁxgple Hlﬁﬁﬁf ﬂggﬂﬁeeﬁg%&g in.
l'y smtted ek

children and adults, 25 N pah and sexua tran I seases. [ 00801 The
pr esentdopsig htviedhke diseass asencrteddhar¢witidet ect i on of pharnaceuticals in a test
sanple. This aspect of the present invention can be used for e.g. rapid
drug sdf&EhAnymenber of infhstiowsHarteria or viteb diseasssaneckmivnar titarddentifiedl qaabei cul ar

tissue, [ of 1] ts., for ex |l e. Still. another. - aspect
of P sl AEEAEh s e BB IERHIRE T PR EreSal sy g diselses

genet i defettyblevindicéardahcé wihl tidrayaet idventiogedtdes biftiaRgRk Biited foNghihri smexanpl e,
n app%hﬁ%eéi&%air@’%ﬂi&s%és@,l Xﬂ)st, %eﬂa%%?h', ﬁ,a a!nld%,tu %}c]:liogig plague, and malaria. In

another aspect, the present invention permits the detection of cancer, leukemia, thalassemia,

asthma, allergies, strep or sote throat, food poisoning, neax-sightedness in children and adults,
25  Nipah and sexually transmitted diseases.

| [0030]. The present invention also permits the detection of pharmaceuticals in a test sample.
~ This aspect of the present invention can be used for e.g. rapid drug screening or for determining
- the presence of a drug in a particular tissue, for drug efficacy assessments, for example. Still
another aspect of the present invention provides for the detection of genetically-modified food
30 and for genetic fingerprinting. For example, in applications pertaining to genetically modified
food, the chip will detect the artificially introduced genes in the food by PCR. For applications
pertaining to the genetic fingerprinting, the chip will analyze DNA sequence vmiaﬁon between
individual (human, plants, and animals) by PCR. .

-15-



food, the chip will. detect the artificially introduced genes in the food

by PCR For applications pertaining to the genetic fingerpri ol M&rchP2006
chip will analyze DNA sequence variation between individual (human,

pl ants, and animals) by PCR -15 24 March 2006 WO 03/ 035229 PCT/ SG02/ 00251
5 [00811 W®/BFH2Y apparatus and fluidic network can b@GHMV#Rured at the
mcro scale |l evel by existing mcrofabrication techniques such as gl ass
etching, plastic hot enbossing, plastic injection nolding, resin casting,
| aser abl ation, stereolithography photolithography, LIGA processes, CNC

machi ni ng@ghot ocuring or nmetal formng techniques to forma chip with open
st r uct ur B9SHubhs chip appreatusand Rasiicnesverk sadeymasuficied st thf hdcropete levedbypel s and

assay stati : i . | osed, w.th coyer. film.or plate.
00821 1 R micbriaflod @ARREAEE Pl BRBE Rilc Py EBLFTPEATH L i cr o

met er t oinjeCtionmoldiipeesid ewting, hisarmblhtidy, steiblithopriphy @hotylitBsErMyi IGA not the
excl usive éresan@%/ %h toéq%r oduce th? chip 100. O her nore conmon

t echnol dYPEE S AN BackmngRiotqcunne-onmetal forming depbpighesde frmmachip Wigconeni ng,

met al f oidtiogs sieh asbied chahhels bhdRs hid ; ' : 0 be used
for 15 fabrication. Ij[00;331 DETA Lﬁkﬁ@ﬁ%%%@%@%%@f%sm In

FI G 10 b sepled and clasedewish ever falncoradate: uct ures of a chip apparatus 100 havi ng
a sanple fluid preparatory area shown as constructed on substrate 36.

Subst r atl@083F Thegimeesiehs @6 the Phagmels can ratgedypicedle fioml 1 micehmetsr igllaasy. pl astic, an
el ast omgh . SHEh VAR W N0)S (P 20 netal, ceramic or a
conposi te. #'g ’ﬁ%@?%%gﬁ%%ﬁg}sahgh%o g@%ﬁe %%%WE@SPBW%@;HWP uee b | ous

st andar ghigl188 sOdbembre abmmbe tichipldghss snhals eompe thRe&Ad coftrofedt

substrate.,.lf utili.zin stic .(with.or wmthout netallic powder filling)
to prov Fﬁ%m%]ﬁ%ﬂeﬁﬂlf@rﬁ%@: Bl:ﬁ%{c L@ﬁ‘ﬁ@é‘é‘?#ﬁg"%«ﬁf bt smbossing sansalpnpbegised fop| ast i ¢

i nj ast i édriemiod] Ng, resin casting, |aser ablation, stereolithography

phot ol i t hography, LI GA. processes, as known in the art, CNC nachi ning

phot ocu[6083] PETAREASHESCIRP TR OFCEHE BItig t echni ques can be used. LIGA

processes typically conprise synchrotron radiation in a resist structure,

such as[ops4]EBIGM H8FE.CT, Ykcddptard BlidmciaRd oPﬁ‘Hﬂﬁéﬂ%graﬁﬁ 800 %}tﬁz%ca:[ s'ﬂlérue)lea nd

chem caj I,g devel oping_the structure to provide a mcro no asedupon
pat t er nHf PreparatopAEsasshoyn ps ronsfrusted o webisirite 3p.oftetrate 36 tanhg mrdy obe ut i | i zed

B i

20  metal, ceramic or a composite. To provide channels and assay stations, for example, various
standard glass chemical etching techniques can be used on a glass substrate, If utilizing plastic
(with or without metallic powder filling) to provide substrate 36, hot embossing with an
embossing die, plastic injection molding, resin casting, laser ablation, stereolithography
photolithography, LIGA processes, as known in the art, CNC machining photocuring and plastic

25  chemical etching technigues can be used. LIGA processes typically comprise synchfotron
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 elastomer casting on a solid microstructured die) and

molding techniques can be used. Additionally, silicon and silicon-based compounds may be
utilized to provide substrate 36. Then substrate 36 may be sealed with the sealing layer 40 (not
shown in top view). If sealed, various configurations of sealing may be provided, such as sealing

~aportion of the assay stations 26 only, or sealing assay stations 26 in combination with assay.
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30 el astomer substrate, a replication (a type of elastoner casting on a
solid mcrostructured die) and nolding techniques can be use@4 March 2006
Additionally, silicon and silicon-based conpounds may be wutilized to
provi de substrate 36. Then substrate 36 may be sealed with the sealing

1 ayer 40 WHEY352hown in top view) . If sealed, various BINGYOPE i ons of
sealing may be provided, such as sealing a portion of the assay stations
26 only, or sealing assay stations 26 i-n conbination with assay -16 24
March 2006 WO 03/ 035229 PCT/ S@2/ 00251 5 station channels 24, 28 and/or

firstc.an | tipurpose, channel 30 and 22, respectively. The

seal | %g g@@r&%@%ﬁgﬁ’%lap‘gﬁ&ﬁ% a&‘g‘f"F gecend myliipposs ehangelt3fiend 22 mesptctivalyd assay
st ati on The sehlingddyiet ¥ nofalle e SB¥HSERL 4 nber 6.and all_the
inlets and out| ety:, b?/ a o%ga?ng %%%E%sls @ég%lﬁ%%%%ﬁfm?%ﬂ@gﬂa’f%,

t her mal Y ighionsy exeqpt ehamber cattsialithenigletsalth estletse bpo betidig.prote is@adhag | ayer

40 can ; j e terials su as. gl ass plate or plas I ¢
pl ate orméi&gleﬁgisﬂgﬁﬁel}ﬁqngggb%?%% fgtlcd)lo %?ﬁg‘ﬁvﬁkg‘?ﬂéﬂ% aling lagerg®1 | n
parti culap asorbodistdiother mbthrdals ash bfglads e shey : ' of a
sel fl'o h%étpgéfog% I(gﬁM,S ype of mat%?isgl sourg)% as ?ﬁ%ﬁ%régiétogﬁgg{(%ﬁ@gb, gets

and/or a va may be opened via nechanical, and/or electrical,
and/ or ic..and/ or chem cal neans that would allow for introduction
of a sy:” ﬂn!ggg#gaﬁcgﬁkgﬂlfﬂd@fle t*hfc}t? SE%‘%%M%F 489mayplsotbetcowprised of ¢ slfpr ovi de f or
the 15 apglinpSalih@fypObf Matedd bhdhyk albh ctikon .co n .. for exanpl e,
into as ay st ition 26, Upon rerr_ovaﬁ%?axtto gﬁss eﬁ%&&%ﬂ@%‘i‘&@?ﬁ@@ayer will
sel f sedf %PPFf Pamerhanicals ansfissletriosl; adiomegetic, sad/oseHeidabakdnd @S GakiNg t ype

of mat esnEY foBYroMRtiol r ] 1. 0086] Fabrication of the assay stations
or portions the?eo?loanﬁqgé%gogie)é%@% f Ffered gesay staian Weto pressdarforthed t o

onl ¥3 onePpéfationpheparieils nssay ea@bnebmparhl, i ckamsy, hﬁQassE;P{)tan%ﬁ%’pbg a portion
of assay ogﬁofﬁxggf;rﬂ% stérugﬁjrles cgn be formed, on the substrate 8% or

seal i ng Tayer 40. Gne & Forts v sall seffsrple in rartinler embodimentbleowemeiaon t he
seal i ngelidpaingbealimp gk oAinatetiHighdyaist Rudpgadi ng of sealing layer 40 and the
substrate 36, the particular portions of various el enents provided upon/in

he su @036 Febricaiorpafdbessiyisiio : o ARSI -

al i gnment -to-provide fhe conpl ete chan or other str

Enbodi r%sﬁi‘i“’%edotg "?"Hé’“ﬁﬁ%%‘ﬁaff%Eshiﬁwﬁrﬁéwahmlaw@afoﬂ eamplengorfidnf agapt 1 ol | i ng
el exventstationbtatue Ri B folAd & ' . vari ops val ves, gates and
restrictions that may be pr pv@ﬁgﬁéﬁérggﬁggﬁvﬁa%aﬂgﬁow "gﬁ%‘“ﬁﬂpar at us,
i ncl udPRETERSHREImads on fis) spaling layor ertsebstritec Bollowing Bndiig of kddling layer 40

and the substrate 36, the particular portions of various elements provided upon/in the substrate

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

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

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

[0088] Assay station 26 may comprise at least one component of any number or type/class of
30  assay reaction, the ai‘: least one éomponent including, but not limited to, nucleic acids, probes,
primers, antibodies, cells, assaying salts, catalysts, reporters, quenchers, enzymes, proteins,
peptides, drogs, 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

17



exanpl e, according to a user's desire or need for regulating/controlling
fluid flow [00881 Assay station 26 may conprise at |east one 2bMan2006
any nunber or type/class of 30 assay reaction, the at |east one conponent

i ncl udi nq¥ but not limted to, nucleic acids, probes, égrirrers, ant i bodi es,
9 PCRSEYAESY pr ot ei ns,

cells, as 9?’??622§'alts, catal ysts, reporters, quenchers

pepti des, drugs, small nol ecules and fl uorophores, for exanple. Additional
exanpl es include a synthetic nolecule(s) froma conbinatorial |ibrary of
nol ecul es, a peptide library a nucleic acid library or aptaner library.

N chf 2008 D SPGSRS 30 BA) Ge 3524 ok T s RS RO BT o

26 Vi a ao,c@tddustolutdng B61véntd dndigeldf AGambio€s Sasinitelalid 86 corRiderel] §s NQrridri 3 t €d
to, aqueous sqlutions, solvents and gels. Air and/or a gas may al so be
consi derRsdegesitionaf gt lpast onegompencat g, G 4f Jeast opg asary Statian 26 Gy evmbkdetent i nto

sai d at geattonOffeRRIRY ﬁ{e}%@a?@mﬁa% i sd Mizi‘,cﬁn'flyz geg,,%gg!;& 48%’ for

exanpl e).” The particular c er or carriers so ut e adapted to
be dri vamemdif bbevaparativay fr exampld. ddthenmastiplde to deivh off ametriegdschtas odkrisye of f a

carrjer, s as.ovens,, 1 o | S ers,.force air, etc., are well]' known
o thosLent BeelS SN ste- wp el RBGwm o536 o B ThecH eSS comabbene Sy o

cel I's f asprebampt/er cellBfor Beankld) Athy be bbiRfd té the @ftétadl strifick Af S stalivhay bt at i on 26
by coval ent g)‘%gd%{d?nd or absorption. [00891 In the instance that an'

anpl i fi EXBIBHOPERIYBAOSOYWOR as PCR, is to be run in the assay stations
26, before bondi_nggl%f the sealing layer 40, a _nucleic acid fragnent to be

anpl i fi 98t instance, thahegy angplifigationaeastiom yudb@s RER o faeerup e esidh assay
st at | ONgZeHne 6 HRBrSHRIIERJF fie g%rh?g%‘%‘] 40Y a Q1Y ?@?‘%@nﬁﬂf & vd E\ﬁnﬂfg@%’taﬁg/oy- obot .

The assay station 26 is then d to drive o e carrier
r eadi i oprBEMS e nes e deposithdiinlg ertherssayatationg2q enytbe subdiratt B6 pamially of by

enbodi HEE@ ' I ed bef.or he dryi of assay
station@g‘%ﬁ%n |ﬂ1§§g)lr?léﬂ?g[r}7’ﬁ3%lx Etﬁ S %ﬁgmggg?%gﬂﬁmr’% %SFBIH&O 0 be dry.
O her  erhoich venpmentefonaaddingiite salidg lagr HaymrpadidulatiaaisbdthentsNte k&in20 runni ng

of the assay. .ln as ere.a self-healinpg/seali Jdayer is . utilized,
Che: pr dBiR Pt Beded Bl e e et wrtioa B gl B Shee GO mEs e FGOR i 1 1
sanpl e thiysdd nbél to bOGYO Dﬂi@ﬂ%n&&b&i@nﬁ?hﬁeﬁﬂe%ﬁ%ay%%@&id@d@ﬂn@itlféd' i ncl udes,
but is not, limted tQ DNA or RNA fragl[rents C , hucleic acid priners

andor TBPERES B #san iR Besrseyvisr aneidwaling/sealme daver 1 ublized, the prabes(psiness
st andang,y Rt 3adfafieF Ay R0 E is fﬁle@%hfs&ﬁ;agﬁﬁfd 4¢seful in accordance with the

25 invention can be pre-fabricated in a tomercial DNA synthesizer. The

assay Sbfie] TRe nhiddlc RE Fhdmentio e AndpRHAFHOLARNGE Mol Bnktfo THRECHI k@R of the
present_invention. Drying may be carried out at
_ 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 subsirate 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 , cbntemplated by the
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roomtenperature at ambient atnospheric pressure. Depending upon the number
of assay stations, drying may take from about 10 mnutes to r%%
Preferably, the assay stations are dried in about two hours. 2% M?(Sgg 8
Preferably, both the substrate 36 and the sealing |ayer 40 have hydr ophi lic
sur f aces WQU3/BfRdnce the liquid flow by capillary forRCT/S&RABFCal
hydrophilic substrate 36 is glass. A nornmally hydrophobi c substance such
as a plastic can be treated to transformthe substance into a hydrophilic
substance by treating the plastic with diluted hydrofluoric acid or
sulfuric acid. Another way to alter the surfa operties of a
hydri)pmmr&losubét@dmahY@T@mthPWHS%‘FW Yf%ﬁ f\‘zﬁﬁ ‘3681? WO 03/ 035229

PCT/ S 5 i s by addi ng a hydrophilic polyner solution,
or byG)lH'(]iP £ 1Gé““gbrs cta tﬁ%gct he hydrophobi ¢ substance, e.g., plastic.

[0092] fﬁéﬁ&.ﬁgy' S1e, HBOSSE O Pk abe akdVudofifr Bl mBPrdkiBH hbBidsbi MRy

vari ous reafl ng ying su aces, particularly surfaces
that arigegtife/hRdiffihg suifecksfmrticolatly sfrfacecthat areeip bt inglied fmmrcrgﬂ@tﬁlcas pl asma

treatnents or coatin S, for exa As _an ex 10
typi cal 4pplieatiapn s¥@25 P gnaggeaﬁgﬁprs:% CPRFRES ¥ R RP u‘é‘sf %%ea“%%’Ise EFﬁe%t ed so
that, thtg? Sl &ﬁ% fized BORAviHRHS dRbhilit Surfdés ﬂ;ﬁfbm@tad 36 tiaathe bmfdcephobl c

charac I St’i CS. uch treatments may be ut]

ized_ to provid ar.at us
and/ or ootidrisofi s sifacdtas a@@@d%@hgbleehwfﬁwspﬁ?‘thi@ﬁwm ei’tid"t%@?"ldst i cs

t h t WaGh th
'E eachi ﬁg% %‘g&et%?g re%lgﬁ)? b ﬁ%ﬁélzsndf% P B&Eﬁ?é@{jﬂ%ﬁ%gbﬁ? ovi déﬁgﬁﬁ%;%‘g&% use

confi gus e@t@g@aﬁa&@n@ foa exrmnlé) dw hevordasa@rwith the ’@#@%ﬁ glthe preeent miveRiicpaces of

the vario channel s and st ati.on r,.exa ortion
(e i Qer e S ApBEen arPiie FRfeo o I Piemts, A, DI 1O0S, |
any, € ongimakiopihe vaﬁcﬁat:mlne@wdfs&ﬁeﬁs 2 eRdaislé, nia hmmndus rmriibes (iree d

arrangenent of surface characteristic Channel s ,.such _as 22,20 and
30 in Pnistme emaligkaes) avinggifhgavhe rﬁl%%?ﬂg?‘? lldﬂ eb gﬁeﬁtﬁ ric (HF)

aci d Oyfta %{e%%&d ggv{gead@smmﬁxgeﬁéﬁt%rs@ﬁwme@ﬂwy phot ol i t hogr aphy

usi ng S|gne S having desired patterns. Initially, etched slides

are | ”gg@/g%‘j%ha&ie% sﬁci{ a{s%ﬁoyan?@ﬁﬂﬁﬁﬁﬁl £ Shatihe, Ray BOEheinid Y ertibd by i ¢ acid and

about gueous solution o dr ogen eroxi de (about  30% H202) at about
100G fdiydaiﬁhmncGHF)m:d on EB@SSsﬂhd@I ea@@l@, #F nefieraiag by phrielhesArsY B8 unni ng

tap, walelod | ASEHnNeS Bbshly
r esPectd® Vg’lle)flemﬁ%ﬁ EH’Blgt ﬁ ?&éﬁ?%ﬂa‘ﬁ& %ﬁs}?&és %S(}: Ked for total wetti ng
achi evgeparedanigiye ¢fabsut Gﬁ%tshkﬁmc acid and about 30% aqueous solution of hydrogen

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

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

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

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

those arca/areas. In the above examplé, hydrophilic glass surfaces are obtained.

[0094] In an exemplary method te obtain hydrophilic surface on piastic substrates, for example,
poly(methy} methyacrylaie) (PMMA), polycarbonate, polyimide, polypropylene, polyethylene
30 etc, 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
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25 slide, for exanple, and that there are no renmaining, hydrophobic
patches. O course, a portion or portions ofthe slide may ”°Q4bﬁ'lérbﬁa2@96
if a user desires not to alter the surface characteristics at those
area/ areas. In the above exanple, hydrophilic glass surfaces are obtained.
[ 0094] | WAPBRHpl ary nethod to obtain hydrophilic. SREFHHEYGA pl astic
substrates, for exanple, poly(nethyl rnethyacrylate) (PM),

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

materi al s include y(ethyl ene_ im ne PElI'), poly(vinyl alcohol),
pol yéacr W}gﬂe @eltaig Y‘ﬂ(ﬁﬁhﬁhl iswriace én danne %éandcﬁiﬁﬂloﬁélaﬁ? B%db%folligwwgmps

solutio %r exanple, and then drying in an oven for 0.5 to 1 hour, the
pr evi ous’ ydr ophobi ¢ plastic substrates are now provided wth hydr ophilic

surface R 0 obtain
hydr ophg}gly%] Illjcr%f%rae%%& %%a%%an né"%) tg%/d%gé&%zedﬁgé h‘%ﬁﬁ??]r uﬁ%,éﬁqﬁ%ﬂﬂggi oW ng
steps thepard $yically G856 afdoesa at sleat B0 Cat mnsp&bmqlfessuwﬁr stiont b4 hirdd Iflei oni zed
wat er untj | read for use. .Before |caIIy dried in an
oven at ¥R 598 eea'frsoafmbﬁfee Hé%%ﬂrﬁ%i PR apmetrhg saacks fiF when
SOMMgy Pr RGidfed By UANEN LSRN ?Jr%éiﬁ@(ilrté:@ﬁo@éﬂh@&sﬁﬁ@es‘ﬂf%ﬁﬂéﬁﬂaﬂ@&ﬂ ial surfaces
are further 1" o radiated by UV-03 oxidation for about 1 hr to renove the

| ast t rimneavesell asemblad mamlweer{aAMshw&;WeP@enrﬁora@é@ﬁm Gtich avdens dkr s ( SAMG)
lit ' h
o+ ade T SHRES Suckils BBl AERIAR (ORSP AR eyl bld frehefiaaRhigacle ©|00 o

rati o ofitiatibbutll0% copmeriond k exitable salvent) ¢. g).ﬁleempﬂmdacan@etg Theleane,

Hexadecane etc. These,are, -t hen br.ushed.or .spraye certain

R R o Pon S e b b S o N By MR 1 AR e
forisex &eﬁa beRat R extSiply WheaQising fRbioEiRmiost wﬁa{e@o@ﬁiey@ﬁhasmlm EGC- 1700
made by 3 the coating sqolution is prepared freshly with about a 1.5%

acet i ¢ TRy 2Nl thercopting splutiesis prepaed freshhewith ahowks hél%@ﬁ%t’ccé’éﬂ i dds-t o be
cured gfd Mﬁf-aaee %at@nosnhes @%@%e&&%ofva{at aeémé to3boli 100°C RS

patterned hydr ophi 3@% and drophobi c surfaces (treated glass) are

provi deboutFhmin @@nﬁ’ﬂﬁfi@ﬁeh omﬂm(g Sﬁénifﬂ hydyopheltihvgfocds fueatediglasslos e of

di f
subst r BT Jutss GliCok e Rony GRineRed Gloil Bl W Bo LRELE MR SR 0] 0
comectaﬁdoﬂa}tpnn@sw&cecﬁmagenmﬁcmﬂmbmm he upper surface of substrate 36

such that test sanple inlet 2 is fluidically coupled to sanple preparation
chanbe {0057} ﬁesmsag:liplc:imwmﬁrtcfst saBlpﬂef(elg WMIeblodd)izsccmh&memmnﬂm ed typically

perpend ¢ u l Cular ?0 Ehe uppe? Sitfac of sugsgﬁr%te%G su&xbtigtr’rg sa.mp?e mﬂ:? 9 é}céf}at buf fer

inlet R
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 parﬁally 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 porcus 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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25 fluidically coupled to sanple preparati on chanber 6 through channel -7.
Sanpl e preparation chanber 6 is sealed at |east partially on

surface by sintered glass block 31, to which absorbent 5 and?tﬁmaé@gﬁ%g%G
suction neans such as a vacuumpunp is applied to extract a m xture of

e. g. wholWOB¥@Es®9sanpl e, |ysing buffer and washi ng bufPE¥SGRHGEHh t he
sintered glass block 31. 30 [009%] The bl ock of sintered glass powder 31,
which is inserted into sanple preparation chanber 6, is also called porous
gl ass. The typical size of a pore ranges fromabout | mcro neter to about
500 mcro neter. The sintered glass block 31 occupies the | ower portion of
t he shnpbrerargioshamher n Asmdbasive substanes cary plsebe uspd jodintheygledsplock R & thsidasi de t he

chanber 8.y, ' ' ifference; that is, the size of the gl ass
bl ock 31 ?s s@?%é%}%f]%?éﬁ?mtghan the size of the sanple -20 24 March 2006

Can ol BT A S R Aol B Rlobio et £ A erte e Bt ok ot § on
chanber 3.thdréQR rading de saiipleOWashing biflerahs Wsiﬁ%il;@ﬂ'er%oﬁé]ﬁh@@%@ bRERRBIS, s

creat edﬁg der. n%at.h.t.he gl ass bl ock 31 thereby extracting the sanple,
washi ng IHEHREHMEES Misrisdpiosample Preparatinn ghamipes 6g Elndien butis persirates imtathé on

buf f gr igtast Mo&IES LhdirBEReSRIPING RHIERA:HokPile Elpga@pgf ﬂlffﬁ%}gslg%k 9f BT Lr

penetrates into the 10 glass block 31 and releases ol ectit €5 from
t he sur fAbemefeculaediffizeser by Sovkciglativiantp theredutioDbAfforebsteintdia sathpleuse (or by

flow cirt ey [ h L.on,buf f er. cont ai in s | e. preparation
chanber ? %gh%élp%lpggbgr%’ ﬂlte%(lf;ol%% I%etqi%ﬁm%ﬂ‘ff?rﬁ%ﬁﬂm&ﬁ@gpﬁbﬁ@ eeg at this
tine. All&;)ooﬁlerlcdhemicallswjuﬁadmpeﬁqm_ 'meﬁl}bb&lﬁaﬁgctgrmdﬁg@aﬁﬂiﬁ,&g%@meé%@% )
reaction.an uor escent ection. o e PCR product can be added to the
el utionogtﬁ??gi(pé?‘{“ﬁ‘?ag £ étﬁéef]ﬁm#qﬁ@%{nger enbodi ment, there is no
need fo0 5@ se @gror qz‘aiddition of a lysing buffer to |yse cells. Instead,
t he el [é’ U o In gpothgr epfhadinggnf, dheprois o nqgddorthe nse ofgxadgision eh yeing bufferity si ng

t enper alyb @lI6i IobRad, MRSk tysed WHIRATRES, PHERA %&B@h@%ﬁ@&f SQFOV may be

conducted into the assa,ﬁ,stations and |lysed there. I'n a partFPcul ar

enmbodi nERPeralrg sttt dnsagpleameparation eaaber @ or mayrkerondmied o debedded i nt o
each asgay, shdhd 814 1984 koI Larks E’:Eeﬁf mndivi.dual, thermal 20 cycling at

each assgti’/y chanber g% Furtlﬂe?mrr{t)l?uel, e}}§§lmrf°g§g%ﬁla & duege 4n eé‘&’efa@“évapor ate

an anouisrsopnag beeinbedded fntesach assgyr daion26 in omerte padoriniedicidnd deimat i on of a

sol ut e, le. i anpl e.fluid. This_.evaporative step may be
con uctcggﬂﬁﬁ?%%ﬁg}%ﬂ%efg 'af"g&ﬁe%r‘ﬁ“%,h‘éfﬁ may by sgdmhzeg B evaporate an

amount of elution buffer in order to increase the concentration of a solute, for example DNA, in

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

but not liquid permeable, for example.

25 {00161] In another embodiment, various electrochemical sensors and electrical and electronic
sensors may be embedded into each assay station 26. Utilizing this embodiment; s 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 2 number
of various assays/reactions. For example, all of the required enzymes, flnorescent dye,
deoxyribonucleotide triphosphates dNTPs, detergents, and other chemicals and buffers can be

“added into sample preparation charaber 6 through buffer inlet 4. If required fo enhance the

elution efficiency, vibrating actuator 34 can be applied to oscillate, typically vertically, to press
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i ndi vi dual assay stations 26, for- exanple, wherein the sealing |ayer 40,
may be gas perneable but not |iquid perneable, for exanple. DﬂpWFﬁbthOOG
anot her enbodi ment, various el ectrochem cal sensors and el ectrical an

el ectronic sensors may be enbedded into each assay station 26. Uilizing
this enbo¥P A¥I6229a user is provided el ectrocheni cal - baRE#S@PEEL | on/ dat a 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 experinents utilizing electrochenm cal detection, as known to

those_in.the ar 30 .[00102] -The a ratus and net hods provided by the

pr esent fhﬁﬁ}’é?ﬁ"? %)%1 ﬂ%??@’g't?g’é?tﬂk thes “t‘ﬁgﬁ‘%ﬁ%@r e snpleprepaation shaber 6daaliowns. For
exanpl e, male!DNA mioRRule@fUEAv8 theaY BB 3 1 dh BMESHE BtV Ratter whi i
deoxyri bonucl eoti de triphosphates dNTPs, g%t er ggﬁ?s, aﬁrdth(t; & Bheni cal s
and buf f 8mplegagpagstion ghpgebgr 6-nt o sanpl e preparation chanber 6 through buffer

inlet 4. If required to enhance the elution. efficiency, vibrating

act uat or [08W3L ah flnid. fop pramade 4 gas oswi dil, wtre be injapted it yampde frépmadtioy chdntbepess - 21

24 Marc 6, 229 PCT/ 2/.00251 i aphr 48, thereby agitating

the el u%ﬁ%ﬁ&?@@ﬁj{u%g?ﬁ%é@g%g%ﬁlﬁw Pﬁ%gﬁgﬁ’ﬂéﬁ%sﬁ% 055736%‘1"?}& e DNA

nol ecw! ebrotgh testaaaplt hdetQ wigshuteoiglét BfenAfifhotitel fo 4N vRhiWiiinisHukh §fmwhi ch
apber 6. [001031 A fluid, for exanple a gas

, A
o o orfuton e eTe Rt pwae e Gva e cpHapieaby i Bemolsculshslgh
ei ther tRisedIRmbRSY 116 CBHtR1INGlcRinerk, M?#p'ﬂéﬁi% l@%al%{c ytt\gm B;%eﬂ,'“i%&ﬁi?ﬁéflg@il[uﬁ{onll cl osed,

or alternatively 1 o through-test sdnple | et 4
remai ni yifgie ptegnigdnitially sremy chambed fof mixing shinpleslutiont dud fletvytématidgdfd&r . The

fluid p : ©ls Ut _ oni ai ni t he rel ease .ol ecul es, and
causes g{?gl%rrglf éa%}‘;?/m?l Ibg%elg@%stbc?%ﬂgﬁeﬁrl\% 2‘?] %‘ﬁ?gﬁ%nipc% &’ﬁﬁgﬁ"&g@%ﬁ bergtgd open,
per nist t ibpyareie pihermedns fobras tmockaniclr clécntcal, prduiatic bymenliy Ahestee, her ni xi ng
sanpl e sQl.ut and flo ronnt i | ui d ere.the elution buffer fills
chanber e@b‘.’n r%fm}’é“@w@ﬁw e%q?%ﬂ’géﬁaén%?émgy\,\?%@hf’ sralys1&ihatinlogged s py

. vari ous ahderran®an safl KduiddstTBEIA Bhadd] 20 S PRFIANLCRId calbe YiRdve 2 i TRYNEL I C.
At this_ ting, the,@gj ution buffer is prevented fromexiting the chanber 12
by hydrglb‘?’n’gEF‘&“V\?ﬁtF tpedmiqsg suckag psessIrEationat t he entrance to main |iquid

distri btbhhgﬁ ﬁ%annel 20. . Provj di n% fluid can be achieved again through
convent et B\ hambes 12 flays ot to 2853 ioietion ohamber Bedapabsobhe buf f er
i N efhanked fol thel BN b&s: RS %%ﬁr Jh%n e 20 used
for the foll ov?/i ng pﬁgggrges:si?)?)a%e%}rﬁrle%tbg?&t%oe (e)? gé/arviqrzl gﬁf’q‘%f chanber
12 (t hatonfral the yolumeyaf busfer flensing owtiwfishaptbeb P tyepropedr chuicepf voinmebf dhaitber 12 by

proper ﬁ?;otﬁ B Rbain R0 Bor ?)ren&fﬁ ERE% Jet the DNA distribution homogenize before the

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

previously, in the chamber 12 by evaporating & portion of the water in buffer. The resulting
.25 higher concentrationr 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 ntroduction of fow 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 defection
light excitation. Upon diffusion of FPF into chamber 12, a concentration gradient of may be
esiablished in chamber 12.



12); (2) to retain buffer for period of tine to let the DNA distribution
honogeni ze before the buffer flows out of chanber 12; and (3bA adrer
DNA concentration, as nentioned previously, in the chanber 1?4b@ldﬁ&ﬁ 2606
evaporating a portion of the water in buffer. The resulting 25 hi gher
concentr WO OW3ERIDNA in buffer flowi ng to assay stati ONS/STB20428Y eases t he
DNA detection . sensitivity and specificity. 1001051 In one enbodi nent,
chanber 16 i's provided for the introduction of flow pronoting fluid (FPF),
rel eased through diffusion channels 14 to chanber 12. Suitable flow
pronofin 1.C i nclude, but are not limted to, heparin, sodium
dodecél_ E‘&F‘f@ﬁ?ﬁ@ﬁéﬁ er@@ﬁ G5 PRStoR Jeresnaip saepleHuid chpagyl 20 Ty fluidically  Tween
20, NP- 4gyupRd tdt YeaSiloR® FirsP M f 00 chhhb & SEpuent DNA
ug) e tﬁ]ﬁfrﬁﬁ?& cHaliRd Sﬁgﬁg%%nﬁlc @Ql#:{ﬁh&tmn%'t?l a‘tag]ag.gcr

anmplification and detection chemstry, es no uoresce u
det ect i ofpe firyt gppay eigtiantchanneh28, wpshet leditioheissseynstaifon BRFAE thieehaiiestber 12, a

5006 v B3RS BB Rl DR oot hing s BRls o ol § PR b g TR, one
or nore r:fahatla?plm Toéd dvlauﬂhelsm-fhamaﬂigg&%qb&hﬂ;w 1Qibeadmes ]arg@éﬂat b@%w%sﬁtthét e?st t
one fijr rpqse chanpe ich is in comunication w at | eas
one 11 1 Sturile BmatiaBetciie S ickom dharbpci ieto reats sl dsgne end foothes, A
t he chemioehtodRaGaIM-hadpbREhene ik ﬁisf‘as&el}%tﬁ?@c%aﬁ%&?ﬁ,’ rfiglP g%?f%ig@ng 2k Pnlt ﬁe'

reaches a critical level, liquid wetting over
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surface of channels 20, 30, 28, and 15 assay stations e
addi t i offaHSt he FPF, the surface tension is | owered enough to cause the
sanpl e Eﬂlﬁﬂ ]éo,fl w t hrough val ve 18 and nove further into all other
channel &0 ’ is ggpillaey pressuretey the apgiolumgs irhehennsis 0, PGR§ amt asssur e 1 ow,
t he air sifdh§P® e hilesd . L ONS..26 at | east
purged by sanple fl uP%ﬁgﬁr%u%%pggﬁfﬁgﬁggﬁg&ﬁgﬁ%og&sésg?’s%lﬂlgﬁﬁ%ﬁ 24, 20
whi &h  avhich arg ilgidically goupled o th 2ssey stitiona 26 and stomlinnnis-pRomrbasel 0D ko '

mul ti - PERASFeIS B@,Wﬁ?a&%ssa?gtations 26 become filled with the sample fluid. To ensure .
- that all of the assay stations 26 become filled with the sample fluid, the volume capacity of

)

 chamber 12 is designed to be at least cqual to or greater than the combined volume of the
channels 20, 30, 28 and assay stations 26.

25  [00108] To prevent the sat_nple fluid from flowing into second multi-purpose channel 22, the
| following measures can be used: (1) Valves can be installed inside the second assay éhannel 24,
Such valves can be actuated by actuating means suck as mechanical, pnenmatic or
electromggnetic; (2) a porous material can be instglled 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)a layer of hydrophobic material may coat at least a portion of the second assay channel 24 to
block the flow of sample fhuid but allow air to vent into second multi-purpose chamne] 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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that channels 20, 30,28 and assay stations 26 become filled with the sanple
fluid. To ensure that all of the assay stations 26 becone fl?ue@| ph%gﬁs
sanple fluid, the volume capacity of chanber 12 is designed east
equal . to or greater than the conbined volune of the channels 20, 30, 28
and assayW@iHisFBhs 26. 25 1001081 To prevent the sanplRCHIGHR/E25Y om f | owi ng
i nto second nulti purpose. channel 22, the follow ng neasures can be used
(1) Vvalves can be installed inside the second assay channel 24. Such

val ves can be actuated by actuating nmeans such as nechani cal, pneumatic or
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stop sap me]&i ltl pur pose channel 22,
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|

matel y. the end of assay channel s 15 effective to stop

made, E‘?‘B g‘%ﬁ

the fl cﬂﬁa SGsPReeRIrAfion psusiable solusnbiete. Hexane dhevednoac ot Follaydngithis,

mul 4o PuRPRRRion RN Whshe@or dok d&%@kﬁ-&mba% raqﬁlzhg hannel s are
only for illustrative Or%sdgg ow L’Wq"c’%‘{;}ﬁ é’/t é;ﬁjfc% T%hannel S
~and. t hej0mmig ﬁbqopraﬁem@ramr Astramplei ﬂnﬂtﬂemeixbquhphbbxedmfacg:tmeobtamed When

using fluorochemical acrylate polymer such as EGC-1700 made by 3M, the coating solution is

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

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 (td
30  be detected by the camera).

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

example, by any of the following non-comprehensive list of means: electro-osmosis pumping,
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1001101 When using octadecyltrichlorosilane (OTS), it is preferably
prepared freshly at the ratio of about 10% concentration in S\ I

sol vent, e.g. Hexane, Hexadecane etc. Following this, 20 the gé‘l mafrgﬁ ?%06
t hen brushed or sprayed into the certain assigned regions for curing for
about 15-WOQB/45239at room tenperature, for exanple. |n RGHSGHA2S1 hydr ophobi c
surfaces are obtained. When using fluorochem cal acrylate polynmer such as
EGC-1700 nade by 3M the coating solution is prepared freshly wi th about
1.5% acetic acid and the finished coated slides are preferably cured in an
oven,,_ for ex le.. at abaut .80 to ghout ,100C for about 30 mn. 25 [001111
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Therefore, the isolation medium54 fu and second
mul 39 - Jelydéadhsilonansi (RDMSY) elastemen as Welbasi othst siti¢onn elagidinemanidiqinid stiebect ed so

1 usd AR SR Rl B in Rehp el be Bl a0 0 1 Cean b e, hea

di ffuse into nedi um 54.
[00114] Exemplary ultra-violet (UV) curable isolation medium 54 such as polyacrylate and its

derivatives, polyurethane precursors and its derivatives may also be utilized. The UV or other
appropriate radiation sources include 2 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 2 mask having appropriaté cut-out
-portions which provide multipurpese channel 22 and/or 30 areas exposed to UV, for example.
Additionally, a localized irradiation source that may be directed onto isolation-medium 54
containing multipurpose channels 22 and/or 30 may also include a localized UV source such as

30 fiber optics.

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

54, provisions, such as appropriate venting holes and/or slots, in sealing layer 40 and/or substrate
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cured wax, oil, phase-changing plastics, thermally curable polymer |iquid,
cyanoacrylate and its derivatives, two-part epoxies or ultra Yli?ia% (2dd6
or visible light curable polymer liquid and hot- nelt nmateri a?s sucnl
those typically utilized in glue guns, for exanple). Further exenplary

i sol ati orWOREHIERE 54 include, but are not linmted to, REWTGRPEH cur ed

pol ymer, such as 20 pol ydi net hyl si | oxane (PDVS) el astoner, as well as other
silicone elastonmer and liquid silicone precursors. Curing activation
tenperatures may be higher than about 40 degrees C. [001141 Exenpl ary

ultra-violet (UV) _ curable isolatjon nediumb54 such a ol rylate and its

der i §at mar e Pogided; - Beryapingdeles arddeyrslotsapyy lretpéo‘ﬁﬁwa-’ta WBQ'@Y%% &%/?P% Al e
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a lens n ' | ' | 0l | 22
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appr opr fleidginclufing with waier andm aquehircinidp conditag auurfaitpetr fotation hedinm 5422 and/ or

30 areas exposed to UV, for exanple. Additionally . a.local.ized irradiation
Sour co. AP MYHBEPTERT SlaB o Gnqt 2tk Srvelsmeth nrrisb sty iElren g

nul §4 PUhLP aS8y)eRaRNRIISy #idcadipgl/ or 30 may al so include a |ocalized U source
such as 30 Tiber optics. (00115) Additional exenplary isolation nedium 54

may al s Gfﬁf%ieﬁﬁoﬁwn@gh&@miﬁ‘iﬁl%h%ﬁdiuﬁpﬂ Enkihes IRGidForme st intdfudiehvent

evapor ati on, for exanpl en utilizing such isolation nmedium 54,

provi si anddilling afithesmultipispasp ehaanels 2230, iforgxemplas salidifiehle walgnid? (fo5 seal i ng

| ayer 4 / mlﬁﬁ = 2h 24 100082 03/, g 00251 5
may be “%‘r o@?ﬂ‘g’%f’ eén\r/ag%{slwr?g 0 %‘%&%ﬁ?ﬁ‘?"g ot SeQﬁﬁa%%Eégg?%\% Jged I n sealing

| ayer 4falailled thetiltatfaceciregen tthecanthiditt bimospiesend Raids &ush asfsemplexbindite. [ 00116]

| sol ation, medj um 54..i s .pr.ef erably, subs ti YAlLmm seible with t-er
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(not at a wavel ength or inten‘sitﬁ that may interfere with 10 the assay)

and havbatisehfijabicssaiepip? apdire cavs. g5, adyslyehesn caURBPRFRWSIPA 90 medi um 54
r emai n%&ﬁd}lb&ﬂé b QLaaPd 1 £1d/or ﬂkr&%%ﬂig%m@tﬂﬁs-li‘éﬁdéﬁ}&d%luﬁn@%f”u' tipurpose

channel's 22/30, for exanple, a solidifiable sealant 67 (for exanple, wax,
hot  nelliquisiifinid inthe sssaystagiongred puppressesdis generaticng yapar and dragPERpkrdeposi t ed
to _and e I | | : nd
{1 s TRk D nfoni o i@ ReIE AR dlfr AL oTHe BlIRT R
mul ti pw? peydecipoiiel Wa Rhotén a8kl asit diber dispaising gnests, acknommdn theuch

microfiuidic arts.

[00118} In still‘other embodiments, the multipurpose channels may have, instead of oil/wax-
like-type isolation medivm 54, ambient air or saturated humid aix, 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 sfations. 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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as caps, lids and valves, can also be utilized to seal off air-liquid
interfaces and it is preferable that solidifiable seal ant 672a4WidrBR Z2EOS.
| ids, and val ves can endure tenperatures up to and around 100C. The

seal ant 67 and/or the other sealing structures forma fixed vol une of

li qui d/ f R 8522 he assay stations and suppresses the YIRHOHI2S of vapor
and during PCR, for 20 exanple, and any other ration that takes place at

el evated tenperatures. The solidifiable sealant 67 may be deposited via
robotic, manual and ot her dispensing neans, as known in the mcrofluidic
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evapor athenrodapiliperfbworeafmsasine fluid 56 is raised in order to ninimze
sanple fluid evaporation from assays stations. [00120] In this enbodi nent

t he DNA[08121]t Additieh@R] Oddshink Bep Ry & il drid ' lh,each . .assay
station 26 are i sIoI a%ned VE\;A'[H i nﬁt hjé %ﬁ%i@gf%#&?%g%gégggﬁg?dgp?%n@ﬁ%e nd the
first aSUERPRETLfR BRcuopgsuohagponReckiiEnding 08y o352 80becT HESORWOAREL 5

channel : S hapnne at_t he or qther chem cal s
do not ﬁﬁ%‘ﬁgg‘nﬁ‘g&gﬁﬁ?agj a Ig%? %%gggtﬁgésﬁsgg i gﬁls fnr?y?ﬁ‘étﬁgggﬁﬁﬁngl"gﬁ% array.
Thel3 soWhkarein a pprbsfwstkey moteculésearé siilizad iwhivh ardirungly béhni %o B Slidhil Qb
t enper afuk und, 100C. , Si pce thHe hi ghest _tenperature for the
PCIgp pr ocess'g§ F{éﬁ g ?dr%%x%ﬂrpg% %ndc%lﬁ’tolﬁf‘r‘? W&F‘? W%@&rw cplp (P8, ©ypsmiednt  DNA
~anpl i f ithattis effintstestp Upoi tte compleisn cMhefssdyhBactionlaMasions A8 oipRdd 6N be

ach! eyedﬁ hrou%{h con%ﬁlpt onal techni ques_such 10 -~ as el ectro-osnosi s,
posi t i VETYSIPLLE A Masups Bifften (713 Yacwion piopressitgpfor exsmple) intanfhe adtipumwet t i ng,
{ her mokinkksany adshptedh aNPaiAMES KEkbvalk ih 2D badfltldy onaklge @ vashi ng

step may be added in order to wash away at |east one“undésired conponent
of & r EEPISALS ok thepssgy reaefions Fhe mptkersiprohes thgt wé beunt shessaycbhambér@éor ot her

| unwant @gkfaces remain behind and are then assayed for the presence or absence of the molecule of

mterest bound to the marker/probe.

[00122] Each assay station 26 may contain a fluorescent dye. Digital camera 32 captures both
white light and/ or the fluorescent emission images from fluorescent dye. In the case where the
25  chambers, channels, and assay stations, i.e., fluid compartments. and channels, are not embedded
- underneath the surface of the substrate 36, and are otherwise exposed to the environment, a
sealing layer 40 may be applied to the upper surfaces of all of the fluid compartments and
channels 20, 30, 28 and assay stations 26. The sealing layer 40 should be bonded to the substrate
36 preferably before the test sample is added to the sample preparation chamber 6. The sealing
30 layer 40 may not applied to sample preparation chamber 6, and the mouths of the inlets 2, 4 and
21, 42, 44, 46. The sealing layer 40 can be omitted from the upper surface of channels. 24 and/or
* 22 depending upon the particular assay protocol utilized and the temperatures associated
therewith. Sealing layer 40 may in particular embodiments seal off the channels and assay
stations from the environment, enhance the capillary flow, and enable the liquid flow by

35  injection or vacuum. The sealing layer 40 is normally a plastic film that seals the channels and
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reaction conponents, for exanple, in. assay stations 26. This may be
utilized in enmbodinents 15 wherein a probe/ marker nol ecul es apg Mdrch

whi ch are strongly bound to the internal surface of assay station 26,
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adhesi veo, bernsthgic. E&ﬁclﬁ@s?eh]u&ga}e@}é oV ﬁgﬁeg%’ o{éeféﬂ 18 heast one
ther rm% an € fi HEow

of a glass plate, a plastic ast

pl &8t i @“ﬂ??ﬁﬁ‘@l‘?&u%mﬁﬁémmﬂ%” glvé)’eemcmdm«v!e Addi ti onal | y, sealing

| ayer e conprised of the sane material as the substrate. Preferably,
10 sea[qﬂi%j'h Sheghanuelsd(y 36,28 s24raad 82 8@ rangs it madth ppicaliy from abbht dndeot her

vavel eﬁglfepl%’ abbRt Gl e Bid A0 8Bhdls can range in depth typically from about 1 micro meter

to about ! mm. The assay stations 26 can range in width or diameter typically from about 1-

micro meter to about 10 rm, and typically from about 1 micro meter to about 1 mm in depth.

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

30 [00125] Each assay station 26 may squect 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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the visible spectrum and do not generate fluorescence that will interfere
wi th experinmental neasurenents/results. 1001231 In additionabg eh"200s.
sealing layer 40 may al so be provided with hol es/vents that are |ocated at
a variety of locations. For exanple, at |east one hole in the sealing layer
may be 13VP395Xdtd at a location, or locations in the REASESIHIE plurality
of holes,. over the various areas, such as channels or waste reservoir 45,
for exanple. Furthernore, it is also contenplated that sealing |ayer 40
may be conprised of a material that is gas perneable. This would all ow

enti fl ui t sga for. exanple, while providing a barrier to the
?/ossI g? %‘#’F%Eta a&flﬁf‘ glegﬁ’g’rﬂ“f)ﬁlée ag%ng’ia‘é?’lﬁgé-l E‘D@E‘ "F‘%V?:f ﬂ"@)?g?ﬁﬂf@?dfolﬁ such a
seal i ng dhapbdr 125chafttd TS Nl 16 THEY & Eb%mb&ix{fq@%iaﬁq&ﬁcﬁg. ﬁf%fgw 20

fluids apd various nediunms to flow through The various channe 1241
The charlheradveitpssupes thetuntion gfivelved 8shown mie liand @2 It glhotbed tespette,om about

| mcro gdmk 2 Il e the channel s can range in depth

typi cal I_y%r%fhoa gu?lgﬁb%é}%d:%} %gn&eoogggﬁnp% Waraiaﬂ%ar%é‘ws@fsat i ons 26.
can rangdéeniieel % detpresentdd forEI@ and/FIGOa  Thyreforgmoabditibnal disculdicH i9 praBérsd.t O
about 10 mm and typically fromabout 1 mcro neter to about P mm i n depth.

. 25 Thhe [8l2Tlacdsopifttlie ahip pefapeBirfaesofalldhe dhbiRNoing BB tRfas@ashidngpg of channel
20, 30, 2(? Zlélcglg?d 22 Ca"?ild vary fromthe other types of channels. Al of
the st r JEPRAERC digre i 00 Reglp M fEE S eikatagy Soeapf chipoperstias Tndhisrass, since

el ect 1 ouEsahAinald 15 UgleOi it cHFAR) in ' |

control I?e{gﬁé%NC) nfac I_ni nzg, I ase?&nﬁl?ﬂ?%@%ilsgﬁgg%té ?%%{fhggyistéé arﬂglgf')ef,l machi ni ng

(EDV), & sapencd; BeihiglveiSmd ralveld qzn belpprgatedhon anyrriwass; forgxample st anpi ng. 30
[ 00125) mg@}ﬁggc;gsa@a&i@&qﬁ%gghggwm ‘?fg’g%&gatﬁ&t o a thernmal condition required

for DNA anplification as pfevious I scussed. Such thermal conditions
I nclyude I | ' . the ner as hai n reaction (PCR).
[0011;6] [dlg/br 2@ raf%ﬁjr?{%ﬁb%@ﬁéeﬂg{ﬁg@gp%?ﬁ%d?%g%?mYﬁg ¥PlS hvention, the
FPF canprapasasiop@reaaduiedh priapavatiph of esiplesfhuiiseonducrt “@f-hiph Uetipldrp! €t- 4 to
el ution £ in sanmpl e preparation_-28 24 March 2006 WO 03/ 035229
PCT/ smcé’%%%l‘mﬁ Such A Bhope %W“ge%d‘&#@t %A%H@ﬂﬁthffﬁfwﬁ‘cpr?‘ﬁ@daé%ﬁgﬁ % ations 26.
| n thi ssubame, 36 Hae eleass ontas CRHiGIOI6 hatR R QmrkdicaabRHRI S A ARG chanmber 16.
Thi s chih_o d_e;%{g]r&\éﬁs shown in FIG 3 and FIG 4. Here, the valve 8 assunes
the furCtfB PRRR PESAE FRARRCI Pfy Afldignalifidisqtation media ipletA2is prowvisled respect s,
t hgzaescjlogmuafc_aﬁ&ﬁwﬂhsdeoﬁdlﬁuﬁﬁﬂp&sb EhARE H3! FRGheIRLROK A1 SAIRLE sBLERAT at 1 on
and anal ysis is

inl%t 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
naultipurpose chanmels 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 eross-sectional area than the
second assay channel 24, as shown in FIG 5A-E. This reduces the speed and/or flow of sample
fluid 56, that enters assay station 26, thus allowing the air being displaced, via sample fluid 56.

| entty 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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identical to that presented for FIG 1 and FIG 2. Therefore, no additional

di scussion is presented. to [0012.71 Also, if the chip surface4(MarchAc2006
all the channels and all the assay stations) is hydrophilic, there I's no
need to use a FPF at all at any stage of chip operation. In this case,
since tNEOSPAR fluid is aqueous, it can flow into #HIT/¥WEBHannel s and
assay stations by itself when valve 8 is opened. Both valve 8 and val ve 18
can be operated by any neans, for exanple nechanical, electrical, .
magnetic, chem cal or pneumatic. -15 [001281 In particul ar enbodi nents, the
apparat noet be provided w a | & preparation area wherein

pre pafa'fjt? agﬁ?d%\z}n S aﬁ%?yes%‘t'loﬁ ?g % Wﬁ?:hi%fﬁgfg‘?wsdﬂf’ 2533y plation26aand pypnipally into

conf i gurmsay emtiorSehatined34.t hose depicted in FIG. 5A-E nay therefore be
provided.. In FIG 5A substrate 36 has at | east one assay station 26 having

In conmypi1eer Nanlethalaghp stridd dhitne PSS Yepi GRARDS ﬁa@ H3Rsh & hﬁ%ggggﬁ&?say
channel , 24. Additionally, isolation rTECPI a I nlet I'S provi 20
comuni GEsi-Etigyal ﬁlaE@RfQiYi& ihisichanpekmpaydeve igrshale tR2 provides Aew restetioeienpl ary

| ' | s al i ded i i cati ith first
ol 11 pur et ol Ao ol G RS BB Bl 5. "o roservoir 45 i s
depi gt ech icat ith first 30 and d-22  nulti
charor PP RETEE Tolta 8 bston@ion) e el Paiisnedtand on Channel s and

mul t i punpdiperposeathamieb2] hery db pNide@Rith BRSEhaRkteRstits Wathie hin-&ndigl Sty be
b ded over particul ar

B eas. aBESPRAGIIE Flftonshl B condsdreneslimmes grima a2 prbiwoshy ( not
shoun diutdddo baRideadyrdphdbloTriad, ) s BB RAY it SHARE LRS00, | Nl ude
ohl'y i

seal ing |layer 40 covering assay stations n conmpination with
one or ¥Edsselitions thesensple seiutionei6syill flow imtr asspy statichedseriaianplespiuton hdett ype of

ass t : C ; hsthes.of flui t wW.ll be utilized in
confwunc%’f%ﬁ Wt R‘ﬁggbugiogbg%he 5%%@%@%@%@#@6@@%?@%, first assay
cﬂanne: cha@etprigticn Simalaily theudams sl Mlchma@ﬁdﬂﬁ@sshﬁﬁatéo‘iﬂgg?ﬁ l?af%ié ay f
channe ; own.in_ Fl -E. Thi.s reduces the speed and/or oW O
sanpl e h’%ﬁ%ﬁﬁ"g‘? g%?acﬁﬁgﬂr e’éﬂ?pgf'3%%%%?%??&%‘”%@,53%9@“&PHWWQQ r being

di spl aced stops, dnestarpdord fiuttiptrfoSs chaiel’s 2 hyd-phatie Wb gﬁg?ﬁ:'fengtﬁ:’ orl & ige
24 and 1nto secon

d .t h _ hanber channel
mul t :J;t POiSUE" HIHATISSS derp e at e e ahent qqile@@?SMdhmhdtdiaaiéter poskets wil |
L et 0 L it L AL 3 g

assay station 26 as sanple fluid S I nto assay d
event udFPychapne) 24 may lso savehydiephobimmehcefaracteristics at which point sample fluid

56 flow would stop, shown in FIG 5B, C, for example.

{00132] In the embodiments depicted in FIGs 5B, C, reservoir 45 may be provided with
absorbent 5. Absorbent 5 may be comprised of at least any one of cellulose-based material or
25  synthetic material, polyacrylamide gels, parﬁc}'eé and porous materials, Reservoir 45 may be

sealed by sealing layer 40 or may be open to the atmosphere. Furthermore and in particular
embodiments, when absorbent 5 may be covered by sealing layer 40, as shown in FIG 5B (top
view), vents 52 may be provided so that fluid flow in the various channels may occut,

| Additionally, while reservoir 45 and absorbent 5 are herein depicted as being of sufficient size to

30 be in commumication with a plurality of terminal portions of multipurpose dhannels, it is also
contemplated that terminal portions of the multipurpose channels may be in cornmunication with
exclusive reservoirs and/or absorbent 5 not in communication with any other multipurpose

chanm_al.
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1001301 While first assay station channel 28 is depicted exenplarily herein
as having a circular cross-sectional shape/profile, this chapgepMgren 2006
any shape t-hat provides flowrestriction to mnimze sanple fluid 56 flow
out into first nmultipurpose channel 30. . 10 1001311. In FIG 5B, a portion
50 of sedYMeP8483hy station channel 24 adj acent second PGRAGIHIPhose channel
22, may be provided with surface characteristics that are non-conducive to
the fl ow of sanple solution 56. For exanple, second nultipurpose channel 22

may have or be treated to provide a hydrophobic surface. In this

enbodj e L. sa e solution 56.is an agueous solution, the. sanple

sol utgl onfb@%ﬁ\j\ﬁ Iplorﬁ%\ﬁeﬁﬁﬁfsﬁy gauon 26, jsalfiqnm péis alemeddo dlgwdntpdissti nl et 15
21, and-miltipeposdebiduitBOr REBGoERAMIEA!54 30y b¥RinERckd v iy -
hydrophilic surface  characteristics. S?r_n' [arl fb %’%E’h‘z%"? aceltsig%@ﬁi rst
assay cHaffTdmcowith werions embodiments efthoBstant inyentfvay Sor dxpuipiepiselhtion medifnaces, for

exanpl e. JULATE | 0.Sec Jrul t J.pur ppse. nnel 22 and
ctope, - daane R AP A b ok LYo BB RBB Ty Prce
char act geitgniacendyodingents, for exeanie UAIGS SArbadIHIRE FEGS S afleR idlaeh ildihG 17,

t he abrupt, .expansi on .of. chapnel diameter from 20 second assay channel 24 to
second r’fﬁﬂﬁdﬁwﬁgg’g 2 dpial or Woﬁasdﬁﬂﬁﬁﬂ%‘&mﬁ@ﬂ fpdas %‘G—nléifff’%%@léﬁml assay

channel niliegs shb&0in TGS AN A b0RBN b ikl TRSBAEHRIAGIE bRl PR AL Whi ch poi nt
sanple fluid 56 flow would stop, shown in F 5B, 5 or exanple. 1001321
In the éﬁ?gﬁaﬁl Psditg 54 apsy be drfradpced vizsandgiet 42 or frdetethetalornoti Srveea/duskbpuppasei ded
wth absasut ]thiggy o & .sed of .at Least any one of
cel l ul ose- b_aglg%je érrlé%sg? ?%F:chfrﬁ{ﬂn? syﬁnétR e %Mn% sec(r%f]%c',waﬁ%hﬁ?g’?”ﬁ%ﬁﬁia&gaﬁel S,
parti cl éslafiorimpdinmn 4. Aaprevionsly disResel isditiondedimy SHotoaniseftedry segadshpg | ayer

40 . t t nospher.e.. Furthernore and in; ticul ar

enbgéi ﬁﬁ?@%%g% a éec)rggtea?ﬁ(’p?‘)o f(géheccﬁ@iap@ra%9fquﬁﬁd$§§@pﬁ%’ as shown
in Fl G SBltiptuppse chinte) 30. Vb dispheedSayplelupy SB\hAatbve® drb)tvoflsgi g flow in the
vari ous Chaﬁﬁ%‘%lﬁ% chi . Additionally, while reservoir 45 and absor bent
5 are hEBP T LG 26> which may gr wry 8o e sealed ithspaling dayendd) and may ocwyuni cat i on
W th a fitdshihbysofeniter m nal portions of multipurpose channels, it is also
contenplated that term nal portions of the nultipurpose channels nmay be in

comuni [@e434p Thsididplac@Nnk BSEbNSd's6 TR 4RIt 1B 1R HHWPsf s Hpe pisic éi zf’ir\)gfrﬁéﬁtl 2 006 O

I
communi cation w tsﬁ any other nultipurpose channel”
03/ #35 20YtipEnysschpngFPs HowsverpmidBmhal displacatemt may slenlakapls@byshet i on 26,

| sol at | pBdRRE HTkolioh Fuf d0MRInd ReldaWulilRost LaStel 22, wherein the isolation
fluid 54 displaces not sample fluid 56, but air. Recall that in this embodiment the surface of
second multi-purpose channel 22 may be inherently or treated to be hydrophobic, for example,

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

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

{00135] There are a number of methods by which isolation medium 54 may be introduced to
exemplary second mlﬂﬁpurposg channel 22. According to the embodiment depicted in FIG. § C,
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 ]owe:l- 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 mu.ltipulpose 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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mul ti purpose conduit 30. I|solation nedium 54 may be introduced via various
met hods and in accordance with various enbodi nents of the in

i nvention. For exanple, isolation nedium 54 may be i ntroduce?h%gcpizros96
mul ti purpose channel 30 via isolation nmediuminlet 21. In particular
enbodi mew@03/@s229 exanpl e in FIGS 5A -E as wel |l as FI GPAI/A#d0®@51 i sol ati on
medi um 10 inlet 21 may serve a dual or nultipurpose as sanple fluid inlet
21 and as an inlet for isolation nediumas shown in FIG 5A 1In other
enbodi ments for exanple, as also seen in FIG 1, isolation nedium54 may
be introduced via an inlet 42 or inlets that do not serve a dual purpose
but § at betionsr & thislembedimentsialebfbimayiret ppaivesband nehasiieint obentgyder e conduci ve
to the {| f apr oo ' ' . a1 ShScussed,
sol at 1 S8 Sihion bl AR AR o' A bl i, 5 REEHE M Shofufth

exanpl eFiI®sl. al so provi des for the displacenent of sanple fluid 56 from
first multipurpose channel 30. The displaced sanple fluid 56 nmay flow to a:
r eser vojgo146j, FEssD gopestgd detdcReble fbsbibentSAcmpliient) thatniayoe boayhtictd be seal ed
with sealing_ |ayer, 40 and_nay or ma%i not contajn gbso&ﬁgft 5. %01%41 The
di spl aceqrapnierbion with the mudtigugpose ehamnels Hege, dheabpqright o Provifesior Beplaie 85 out of
firsg %Qeﬁléhzh%l@ggfegﬁsane &b upike m‘éﬁ.Ys%laﬁoﬁﬂlgaiHn@ﬂ.aFuﬁhe?ﬁh@CGTTEnt may

al so take pl aci [

e application of isolation fluid 54 into the second
mul ti puanplisatios hBabserber 3 mayhalse @ravidetie spesdimibe GHing of assay HatBn 28i05 HpWSs not
sanmple fluid.56 b @itk ' J ' rface of
Secona witpTiapRpsts Bl JFc8bho S kBRI Rt bl g

hydr ophabltigurpbe@rchaxelmbh EIG 5 Bnioktiosmedits 54 basttabi intrbdnced wiwindéis Shapl e 1 ui d

at area_ 50Q. introduction af isolati di,um 25 54 into,the second
mul 41 pfi R BT AR isaey S By her egled apd B REpIbAR R e FULP ARy "ot at i on
26, 15 OFexypbadkahilt 168 codiananherel AtaRakiald bivisaily sbsaicat § @Ay hkshabe54. This
addresses the concern of evaporation and cross contam nation of the

cont entabserbecsihercindslifios mediv@Pdni t h ot hers. [001351 There area number of

met hods by whi ch isol ation nmedi um 54 maﬁge introduced to exerEoI_ ar% second
mul ti pdﬂ@és’rb Aleanstivg et dimenisonayl prgvidefor e indtpgdtiopehmulipls savels fuidsibg  5C,
30 isol.afi di AlnSe - I+ i ig i spl aces
carmpt o o SR i Bl "o L AREE o B b TleRls, Mo d o e O ase Thi s
resul t smiltipirbese pkembél AR ismavidehin cobmassiagtiopvathinprtipleassey statieas.| Biger hand

portion s, depicted. |lsolatiaon fluid. t I sorbent 5 and
t hetl d%‘f@“?’ Hf%s'@’ P T4 Y°0n cwmghuﬁggﬁogﬁémﬁaﬁ}?%t?#oe?g\%%ﬁg%neI 22, as
‘i ndi catmggltifypdsh ehanndlQier, exanple af stowni(30 mdi309), inwordiich sauipld fhid fowhickhannel 22,

di splacing, the air therein d. seal i the u 35 hand portion of assay
stat i oAnay@hitferdion ‘i"ieﬁﬁ"tF‘ ”F‘Pﬁéag%’é‘ﬁﬁs‘ﬁ’f’g rPngsgfr’r ?W’%@@%ﬁgg ation 26 or
- 31 24 Mot d#RAGt sample fluids on one apparatus.

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

25  stations, are provided with a venting hole 66 formed in sealing layer 40 (not shown in FIG 64, a
top view). Thisis showﬁ more cleatly in Fig 6B, a side view of exemplary Fig 6A. Here, assay

~ station vent 66 is shown open te 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 assaj-; channel 28. Here, instead of flowing to a
secdnd 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 medivn 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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WD 03/ 035229 PCT/ S&2/ 00251 5 stations. In this enbodinent, inlet 42 may
act as a vent and not as a point of entry for the introducti March 2008
isolation fluid into second nul ti purpose channel 22, for exanple, as shown
in FIG51). [00136] FIG 5D depicts a detachabl e absorbent 5 conponent,
that may We0HBSEAt into communication with the nul ti pREFEHORERRENNe S.
Here, the absorbent 5 provides for the uptake of 1 o excess sanple fluid
56, and may al so uptake excess isol ation nedium 54. Further, the
application of absorbent 5 nmay al so provide to speed up the filling of

assay statjon 26 or stations by providing another "pulling’ faorce onto the
col urins PhHosn A prd sealipe dpyet, gs shivwmn inpgressi Bz o0y $ig SDidenicththisfdlee @hnnel |

In FIG ' ' ' Bas; igpt ML Ayid 1 and 42.
In Fi G SeipgpRRLE bR IR dieTien 6Py o TROVERMIA il SERRD"S Tomoved.
now havemodificsbat the poistwhmrethe kamle Suid irndssaydtatibreriesaaled Ay ispiativn pedidm

previ ou? y, absorbent 5 may al so have absorbed therein isolation nedium
54. [00 %7] Al ternative enbodi nents may provide for the introduction of

mul ti pl e flyjds 5 into t hip.. An exe .configuration is
ot ot e O TEisprtodisas el Caatr SR ettt B s St e sopefy

pr oyj degheBRmOTA AT SIHARD, Aolilifigble bdaRhes AR5 déﬁﬁ@ité@aﬂﬁamlﬂ@sﬁﬁioﬁ' urality of
assay stations may be in comunication with a plurality of separate first

mil ti pumgéize etk &) and iptoralloptivtp prd inlsts A fpperempicaindrdsnig seal off andvipilath sanpl e

fluid 5 i ic. (R i .o fE oiel=h ' ; S

provi de@&%?ﬁg&c ayl rﬂ%‘i"%@ﬁ“ﬁé’ﬁ@ mj?ltg ?ﬁbgéhgfeﬁ%egﬁ%eﬁ%ﬁ%ﬁg%?ﬁﬁ ggj on one

appar at 66 . TH9OaSRime4 fixed Aonbe(pf spmplerfluid S6eamd fsolatioe modidiminfor examild)os

enbodi ngnt .. ass fafion 26 or 25 statiqgns rovi ded,. w a.venting

ol o 66T neae P frspirp S o Reivodton e IR wRiti ieucH 4 BB L)

Lgi $5 i Steﬁlb@ﬂﬁre'ﬂﬂe;ﬂaﬁﬁeaﬁﬂbéigmqrﬁ @G@, h@nﬁltd@;mpdsﬁi&n@j acmxﬁf]eaiﬁ@tdg gﬁimeﬁA. o
re, assay station_vent I s,.shown open.to, the atnos re: . Supports

are pr RIS OIEHIGF txapy =aﬁq%ﬁwnﬂmé¥{ﬁ?[}%¥%%%%%%@ﬁ aghieveY sposed

over atydiefgloats Bds38BYvabledlih Bfly MeftbreCOMAIOE Tk RYPerOY Bk solidifatld) Pr EVi Ous

enbodi ment's, sanmple fluid 56 is Introduced into first ti purpose channel

30 30 awelant|cdns welh gaps. lids sndierclves euduregpmpatitesiuif torabeutd 884y channel 28.
Here, instead of flowng to a second nultipurpose assay channel, sanple

fluid 580%40] | Buriss inFigéGranethenaepplarsqonfigussiion isdepigtad) Hese, isgleen st ati on
5 > By i : ; e
Sarh & ol AR B SE Baknl T B PP Bl o

i sol at ipositinmeden assBylstaimwchamel 34 1o dereckrtbodigeptsGolidilise atalah6Tmdy ben 54 f 1 ows

tof i_ | ldisipgseg%%egﬁr o%%fsieﬁl%g la%r -11& (Cl)llo? gliim?vg inn&qsitgprgiév%zto cover assay station vent 66
as well as outlets and inlets 21, in order to isolate all the fluidic paths and provide a fixed volume
of fluid, as detailed above, ﬁom_the atmosphere and thus minimized and/or eliminates mixing of

25  fluids (sample fluid 56 in assays stations, for example). In particular embodiments, the

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

[00141} FIGS 7A1-7C4 depict an exemplary sequence.of filling events. In these examples, first
multipurpose channel 30, first and second assay channel, 28 and 24, as well as assay station 26,
have hydrophilic surface characteristics, while second multipurpose channel 22 has a
30  hydrophobic surface. In particular embodiments, at least a portion of sealing layer 40 located -
| above multipurpose channel 22 has a hydrophobic surface.

[00142] FIGS 7A-110 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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24 March 2006 WO 03/035229 PCT/ SQ02/00251 5 platform 60 and sealing | ayer
40, as shown in progress in Fig 6G Fig 6D depicts this fillipg Rifch 2006
seal ing pr.ocess froma cross sectional side view of Fig 6C. Fig. 6E depicts
this exenplar enbodi ment at the point where the sanple fluid in assay
st ati ons WQO0¥EE2Rd by isol ation medium 54. [00139] |n RGHYUHRMEAL s where a
non-solidifiable isolation nedium54 is utilized, and isolation 10 medium
54 does not solidify, a solidifiable sealant 67 may be deposited all around
i solation mediumplatform60 and into all .outlets and inlets.21, for
exanple, in order to seal off and iso)at |1 the fluidic path channel s
and 7 nl dessoond gssay Fations E)ll?éraé‘a stqus gfiaspit o fhe sepoad wp BWPSee\ﬁ%?W*’f:%% 6F.
This th §§?s%@le?ﬁy,%s Elobadn 1@ mﬁoﬁ@&, %_@lﬂﬂiﬂxﬁﬂxﬁd 54, U6y Beed iriteBhal gataedi um 54,
e)o

for exanp I'tquid I nside the chip 100 to suppress vapor generation
duri ng RBRuakipupokeshanmebf; displaces sahply frid §6 véhichdlepratoaflow doto theapwre 67 can be

in form of. wax ot 0 .Lions ' 4 qu r liquid
and el aE“PiE’er‘WF%‘p‘a%‘}?gﬁpﬁi“éS%g@? ?r%nr?gﬁslfl’ﬁ\,’r?ﬁ%ﬁ?@a&és/oi [ d‘ch ;ﬁggfegxﬁ cé’ﬁect can al so
be achi gyRBhurpébd dhaieNgR G, exhinpls, ydsbphebis)ahd és sedond awgy satiohehanad 24
conbination. |t i

It is_ preferred that sqlidifiadble. seal ant .67, .as Il caps,
i dgo an@%ﬁ’é‘iopb%i%égusgfﬁﬂ‘ﬂ? @@%ﬁ%@ﬁ@@&#ﬁ%ﬁ&ﬁﬂﬁ@%&@%%‘%@? Tur n!ong to
Fig 6G inl?éi'f%é‘ﬁ‘étwé‘eﬁetﬁ@%aﬁmé R4 18 ArsQRsaly Stad@DitehRgl 28 T the isbladmt i on 20

medium platform60 is not utilized and aSsay station vent 66 has been noved

to an emediphgityn thedisstmubipuppes chanaeh§l.st ati on channel 24. In certain
embodi ments, solidifiable sealant 67 may be disposed directly onto sealing
| ayer 40143t InFHEWE Litn 7€hiisslatiopmeiiaw) 54 bavingheen ingedupediofesdd vent 66 as

wel | as tlets and | ts i I . L 50l I f et di:c pat hs
and pr 0'3}}9@8‘“30?‘31 ‘%@Hle%’ ﬁ%s @%IF thf(P“gg gﬂ (?g@ 1%5% gllg fa%gﬁ%!f)ﬂb e E ﬁ?‘r”odr%&yto%gsn

at mps ph@ediuarsd thrbuich satontl multigtrpecétannd P2 nomdétestheseslimgofahe Parafitywfds (sanpl e
fluid 56 in assays stations, for ex le) .. ln particylar. odi nents, the
sequencBEYS{atoRs ‘?‘F Mephipge rc?&ﬂﬁ’ésc‘?qq‘{?ﬁ‘ B’z"g’@m%&“f} §%{1Ig? ﬁ'&lﬁ%g?afﬁ d 54 may

r ever segpsthRli¢ dmisEibleSvidAdke diethd aRiSirodling X ePMointSEeneemedt, such | | ng

events. In these exanples, first nultipurpose channel 30, first and second
assay cftahenen in B 74 forexaraple. i nartialen e BRAEENE VosteD g5olatipapsIiPdtophi | i ¢
sur f acedogmt%s&ggc%&f ilﬁﬁodu\é@dﬂ iEtoSEAAH &8 lchnRLE PRSI 30020 RImpld akESt @ 30

hydr ophobr ¢ sur n particular bodi ments, at |east a portion of
seati ngehlayarbesdilicaiiasatithe iigveutiety afithamptpwpaesh shavaels.2Sudk 4$0kd A ophobi ¢

surface. [00142] FI 7A- - 7TA- ' , wand filling
sequend’ée‘&ﬂtgrv & Jr{ gg%e%‘% o %ﬁpgﬁ‘?sclf; r@g‘&mﬂ@g ?ﬁfgd %e%%élﬁég?%@%aée ‘into first

mul tip , ws .t hro L] |k | pur pose

c han'nelltﬁ‘g@,af f@@?ﬂﬁg&é\a '7341511? % agﬁg%ﬁ@?r?géﬁufg#g @gggﬁa %Ipfé{lﬁéor{g% é}tr “and flows
I Nto - stations and assay station channels are first filled with sample fluid 56 and-subsequently sealgd

with isolation medium, this is not the only sequence by which the at least one assay station 26

25 . maay be ﬁlle&. In FIG 7D1-2, the filling of a plurality of assay stations inay be accomplished

wherein particolar assay stations (and assay channels) are sealed while still other assay stations
(and assay chaﬁnels) are at various stapes 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 charmels 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 charmels.
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 24 March 2006 WD 03/035229 PCT/ SG02/ 00251 5 the second assay station
channel 24 and stops adjacent to the second nultipurpose- chapge
Subsequently, as shown in FIG 7B1 ‘to 7B4, isolation fluid 54, QﬁaMaﬁgthGg(RS
introduced into the first nultipurpose channel 30, displaces sanple fluid
56 whi ch VIQ&HMIRBP f| ow into the second nultipurpose cHIABERORIN due to the
differences in surface characteristics between second nultipurpose channel
22 (in this exanple, hydrophobic) and the second assay station channel 24

I 0 (hydrophilic). This results in the isolation and partial seal ing of the

assay, st terface bet f UI in the
first’ as g%%/c%g{e%{?neglrt]sﬁlé ﬁer{é?r?aﬁgmgﬁ%fes[% ! %rSﬁQQP? Hﬁﬁ%%afaﬂ?ﬁ By IP??%#H%&B? i rst
nul ti purbeasitizedtarogto]l 86w spdd) ¥dIkahpleFl G 7C1 to 7C4, isol ati-on medi um 54,
havi ng been introduced to second nultipurpose channel 22, flows

t her et hrjpoghk] aﬂdd&u@pdo@feeﬁuﬁ@&dademmys&cmeﬂees J&eﬂ&%&f re\féﬂd%‘mxﬁgbftﬂé medi um
54 through second nul ti purpose channel " 22 conpl et es the sealing of the

pl ur al i tsplaion ediyn 34 intd thneltippessshangele enap eley bowtlized. Indlds enample, medi um 54
and sarregﬁlgése 638 intlofuoed W0 A8 ah gkmyaasgmta%hBg%rwg&%ggﬁer%“f’t ner, thus

providin at polnts wher€ t 5 FIG 7C- 4, for
exangl e Subsmqmﬂy; iselitaon nedivodidne mtmdunlaé lired one of tleainilipurpae chafhdiglanddo e s not

solidify.after.intr ti |nt Yl ti e channel s 22 and_ 30, for
exarp! e WRodEfty it G bpertied o BHERE T BTG s Selimumtie s ot ¢ ne
mul t i pubROsRhéanstaetaed Wﬁﬁﬁé&ﬂsbl@tld&ﬁﬁéduﬁﬁ folix@msIet %%@fi{l@ﬁﬂfg%ﬁﬁéﬁ' on or
expansi on_of sanple fluid 56 _at higher tenperatures. L001441 While FIGS 7Al

-7C 4 dBpHEm M{(baviagibe sge o diireme eompsitien thap the |ﬁxﬁwﬁ0ﬂweéﬁ80&§ga91edmm ati ons

and ass e g"d@* I
subsequgﬁtlfgﬁgg%{agg@@wthé? o} %#%‘ﬁfp#@glgéu‘%n %dgﬁagmggﬁs%u%@‘fﬁg sequence
by A cmd(qrenobmqr@@cgsohdﬁed aBdssequdnat ofcnamzeimsimd baelaﬁom nedivm| 54 iy 7D1 2,
the fil t| S M a i shed wherein
par 1 cubideion b bichl ioclle [RIARY pieefini Sty R o BE BHPRE 21 11 ot her
assay smadpﬁned mmshnaﬁesmd Mrbehﬂed aﬁen@élde/\aiﬂi DsibstaitAl sealell ahd kdlidng and

sealin -0r _exa in FI.G 7D2,. the | eff-nost_assay station_ 26 and assay
channe?‘?“lgp‘érpg?er lfﬂ?q"l‘%‘lfluwofllﬁ’f the seoad ssaltaﬂ?li ’Bﬁdl‘%%gﬂﬁ" thegenoadi, while the

adj acenhulépapysesdhadreDiapbchcamghaNMBamk SreateLobdelok ﬁ@sshfbtup@msmaﬁéﬁt ially
seal ed by 30 .isolation nedium54. These various, exenpl ary sequences are

typftal W‘?ﬂ“&ﬁ hft @pRitpdisseontreily, phihh grmple fuid avill mmaistinessp praiéan 26sef asseon medi um
54 i nt QphliR1s 4! 3§ adlBuSRE QBT il bRLERGE enﬁbg:p{a rthéﬁéé'off 'V%P%kstxéxj
um havi ng

differenti al appl | cation of” di ffe Ing types | so at1on
di f f er dspiation mediums that may require pressurization to be applied in order for them to flow.

{00146} Now turning to FIG 8, an exemplary analyzer system is shown. This example is
particularly use fully when utilizing a fluorescence-based assay, such as PCR, for example.
25  During or at'the end of the amplifying of the targeted DNA, seme or all of the chip 100 is
jlluminated by an excitation light soutce 500 having a wavelength spectrum required to excite
the flnorescent 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 raemMdrehoPobs
mul ti purpose channels. Furthernore, differential -34 24 March 2006 WO

03/ 035229 PCT/ SA02/ 00251 5 surface treatnments that alter surface energies
and int e @f¥EARIWi th the isolation medium 54 may be REW$G3E¥5t o0 control
fl ow speed, for exanple. 1001451 In addition to the filling and sealing
sequences descri bed above, reversed filling of the isolation nmedium 54
into the multipurpose channels may al so be utilized. In this exanple,

sanpl e f | i IS, 1nLr ced, .as ,abqve, _and fills assa station 26, or a
pl LYIrJ al i t[b(ﬁklﬁrlaﬁ%#%%%g@gﬁﬁwqavd%%ﬁﬁﬁ %HrcﬁéQﬁrﬁﬁ?@ﬂﬁ @e“?%‘{théduced into
one of tffuGreRaéht énﬁbﬁicﬁﬁ%ﬁééé@ﬂ RSk 311 3P4 silbSet of (he YRS S AMEIHE bY atcdinef 18130H9"

polymeri zed and/or solidified, thus providing assay stations having one of
t hei r siBgfse theamegs light 20sesichegithis camheiaderls 42,6t passssl thoomgh fitter 54 R dlmp fikters

Sub i s: i i um 54 (having.t dif f t
commos; Chibadd SR By I LR bR b SR Bhorioeaye o
condgct1 gaks_ ithroaghitdngd reapip the icmgc;rmhs_ ?2? RARE _Ipb&mbeloca’iéﬁieiﬂf&?abb@ &:b@ﬁﬂ%f | 3 gt '5%
cure .an (0] 0 nmeri ze soLldalrgl .- LS _seguence _ o Sa e ul
and Psof%p il@ﬁr ah@‘gﬁgh es“&mFliagP F%Fbmffﬁ B\ﬁ%&é’éﬂgﬂﬁf‘ﬁgo‘@é}éﬂ P 108y ;;E\sh@%us

i sol at i BIG 8§56} ROB amPifiGRoPSTTAVA, Thdcie@iieh ARFbERAONRI St He®nd 8 dagi2dy fill ed
with sanple fluid S%and bounded on one si%g}é wth a sulgsltlant iaﬁly seal ed

and sol fhermakaydls priafisbibe awplifbing procesn bas e entively completed.t The imegesiat | sol at i on
medi um iy Rr iHRSREARCemiTH b 8580 RRANASE JRY% B BEEORR SPE%%‘F - ed

utilizing“greater torce or pressure” upon i
secondalordtipp ofithetehnissaimige ahd ths dmissioh intensiy. MTherenthe ddygind, dith atquitionand assay

chanpel s 28 and t-hus t..subject to displace t..This provjdes for the
use lgf a\?gr%léfa\ﬂr%cgﬁﬁlsg e %%‘Fgﬁﬁdéjﬁ alr)?é%iw&f?sco tﬁ%}t“'glﬁﬁver;@a lY‘flﬂ“g Hf@eedid®at i on to
be appl dagmdra 32 Wyr deiiectod 526 £ e tdnpRMiure ERRbAGteNBV6 by estinBGod 28FLEIS, an
exenpl atL%/ aaal zer s%/s'rsttem i s shown. This exanple is particularly use fully
when ut'®§ s, PegBiiER e Bhyeromesy S3say, such as PCR for exanple. 25
Duri ng 6 %it)l_];lhg eng of the anplifying. of the targeted DNA, sone or all of
t he chilﬁ Mgh FIES Sapd i nsraieiensppiary asaagemant of varipyrompengnisef spanalieet ng, a.

| _ . : o no.
vavel englitin SPRS b st Lekkint86 bloSk ﬁé@hﬁ%rlagﬁga% %;bﬂ{é%};@i ?%?ﬁgﬁgﬁﬂ ned in

each assay station 26. The excitation I gh I'ght
filer Bocopmeiseat excitaiondreguenexwithip thesxtitation bpectrumof a Buoréére, The ref | ect ed

| i ght : ent wi 12 ang _on.t.o.the assay
st at i o!r_?llfis)l.§n gssgg.%aﬁdgegﬁﬂ%m%g%%g%se qﬁ“’\rﬁy"%ﬁmén’% ﬁ%ﬁﬁ]gsdﬁ?l%nagi% or
t her malcompotenis). . Lightesniidd foonionmk 53GA acdn exvitaioh Yednepapess dirokiph adefthr 0l system

Phe ARtk R i 54k 6w BEkE NS R0 2ih0g el one By 20 W 1
- station. Florescent emission from the at least one assay station are imaged to optical sensor 546
25 by optical capturing assembly 542A and 542B and filter 544. A proportional integral and

differential (PID) controlled thermal cycling assembly 538 and a two-dimensional translation

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

[00149] FIG 10 shows a schematic block diagram of a system in which a light beam illuminates
at least one assay station from the top. Light emiited 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 24 March 2006 WO 03/ 035229 P&THfrel P0BB1
5 [00147] Wen the chip 100 is il'lum nated by the |light source 500, canera
32 detects the fluorescent em ssion inmages 520 fromall or a subset of the
assay st YPOHESBB at canera lens 522. Before the i mag&WYHPI28b0 reaches
the canera |l ens 522, it passes through filter 510 that filters out all
other light and only allows a narrow spectrumof |ight emtted fromthe
fluorescent dye to pass through and reach the canera | ens 522. Canera 32

be | 4 h bel ow the 1o chip 100, al though th
can o | A A TS Bl BB S 1 LS Sancp g, e Samer e
POR amp (i 6, BEarkbilimbbes S itk aoBRIine: RELLANTEA Al 12)4?1)‘1; s@g%-pf“e  cach

thermal cycle or after the anplifying process has en-e
The i maget: Ahebeapyrallimater 563 eanttivea planoeres doms, fordnsastamne, ionttemsiléoybed t he

| ocatio . Lon., the shape and,l ocation of the enjssion

i mage a%&ﬁ%ﬁge@%fgé‘%gﬁh Oﬁlct%fedr?gllp P %mpﬁﬁﬁ‘fé”’é FISFSPT 1SR Th P g op ek jon 15
and dat dibpr ddfes Hpingasbethrugh bahl @Uinkyora3h,af # WEed 6PANGEE4 GARR PlRkdE24 Whi ch
Is c nnect.t%g to ﬁ%gﬁral 32 b ﬁonn_ect or 526 and to the tenperature control
syst'¥m S1E“BY VEHHHEYSFIodi tgather With #lkrs S#4 eqmanrise Aasinef wigitatigmandm 518 by
conNect efistidRwaldlGhbfBlank béfStdds RPCorik dyk ﬁ?&{g@g‘e ﬁ%cﬁé@éﬁ-ﬁéﬁe@f iﬁé‘ﬁﬁéife“t of
various conponents of an anal yzer system 9 shows a schenati ¢ bl ock

di agr anPof cag be g stngiashert pass Elierdaving i cuteff wayeleugihodyualdy peak @xditatien conpri se an

excitati bl Al : htation.spectrumpof a fl.yorophore,
1T U e e bl 45 SR by 3P B B BB Herabet om (4,
and C dékirgndintesfescnod filirargienpplied) Thd filghts44 tintbeadifeldmEn @Rr H3BA as an
excitat] sses .t hrough a bea ol limator 532A and a filter 534A,
ona s P PRIRRRATRER 6 PR SR D irast of gheub crian S lyence Btasrrith

Fl or es ceniral @nvelsngh equaDiv) peflCenitsidOAN IR ofdS@Ye St ation are imged to
optical sensor 546 25 by optical capturing assenbly 542A and 542B. and

filter POtI) Aubiiopes iE0nah ahdib eidlng Badiclhl dtfcRRicd o (RIRpGARTA! |

t her mal cygl i ng assenbly 53 8and a two-di nmensional fran ti'on stage 536
i s conrfS% BdNPEREHERAGIeR Sbsizte 1y Brid eorms@ion vtitisample fmidchamelb2 er  548.
100149] Tikls&n 10 pR VWS TR | em.d n_which alight
beam i ] Srsn n%lt gl?B at Orfaégagt oneﬁegcgis?%g&gtogkj iﬁg%‘ﬂ%}rcggw@ﬁg%t% %%eghlﬂg BRI 8% t t ed
froth sdarticelasiyperEassasio bxpint Actadinglyame stbpdimestandytompgte asalplem col | i mat or

ctri kot Bt SRR vl MR BRohtioR S ad 8L T M amy ot at i on
i s i magew aftow controlling element 82 in communication with inlets 72 and 70. Fither of inlets 72
and 70 may be configured to receive various solutions such as, lysing solutions, buffer solutions
and elution buffers, respectively, or one inlet may be provided through which various fluids,
25  including buffers, may be introduced into the sample preparation chamber 6. Nucleic acid
isolation component 79 may be comprised of 2 nucleic acid binding membrane, giass block,
magnetic particles or silica beads, for example, as known in the art. Sealing layer 40 may be
provided with flexible portions 90 that may be deformed, for example, by a plunger or any
machine part that operates with a thrusting or plunging movement, as exemplified by 80 and 81.
30 When depressed into flexible portions 90 of sealing layer, flow to channel 20 or waste channe]

84, may be stopped/impedec_l 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 b_e 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

transl ati-on stage 536 is connected to mcrocontroller subsystzg%%%r ht%CG)QS
to main conputer 548. -36 24 March 2006 WD 03/035229 PCT/ S@&2/ 00251 5

[ 00150j IWOPYES28- 10, 500 and 530 |ight source can be PER¥GIZ/0025EDs (LED
Array) or Lanmps (CWor- pul sed). Beamcollimator 532 is preferred to
collimate the output light fromlight source 530. The beam collimtor 532
can be a piano-convex lens, for an instance, or it can also be a

conbi pat jap.of . several optical foglpn nts such as |enses or lenses in

conj unctton i GHto e A1 Pupigg pr wasping buifergnd elytierstarter may bynidoed by E64H | mat or
532, it psndichhtiiedbPyalldslaisgr 534 which provides 10 excitati on wavel ength
sel ection together wth filter 544 conprise a pair of excitation and

em ssi onggesde | Bk I r.certal . for ex | e,

fl uor eS(r:Ient - a]g’gl s@"?ﬁgﬂglﬁlﬁbggﬁﬁi bggﬂﬁ‘gljéste‘gOg?lgéqﬁgwg}goeﬁ’mﬁlg@sﬁﬁ f¥er

havi ng dheerbsdimebsisreringFICsdduamd® PreakaglsifROR aperimomghengbh t9be t he dye.
Prefera k.. Of or.t pass.filters of the conbjnation of short pass.
filter ?r%ullm?{ter#«qapl’gﬁ%%g qqafglgng?l%“’ B%E%E%Fméw REovided {1de sagwple can be a

si ngloe Ipoapgrafiarschafubbit Eliavitiglid 7h%ersaviedf SubdaiBhRNGE M RILMcell BpddS m ssi on
wavel engt h of. tﬁe S%/e roan i tﬂe?rte_rence filter wth Central Wavel engt h
equal t & PEAROE f&?ﬂ%&@%‘%ﬁt T rintpduced o syrydd sreparationrchamber 6avith gs. |
| A and Bhelggivelve B0 clBddiahg e { i ' A ration area 78
may be gr o%ei‘,?ded upon subsPirua égggeg?ﬁB%PFi%md&ctg%ﬁg%ﬁg%ﬁﬁ%ﬁPﬁvaggﬁeﬁF%O?l ui d
channel PYBOSTIVEREESHENPH by Ysewpn denekamplar oy, way mbe paopfiy disfesn efip padgt i cul ar

conpone - apticular type o say to be run.

Accor di %ﬁyﬁﬁgﬁé}qée%ggl neréﬂ&ngfgglé@e P 131’?8%8’!0@ CLﬁ‘PaéﬁSgraﬁfl Fsnd 88nber 6
havithg ®imbestegiessrend (dof showmjtviowastoripaRbESY (of Pacaingd e rbminifd butiGnig4 My have
a flow. refli el nt. 82 i.n cqQmunication with inlets 72 and 70.

Ei t her ‘g' |)hﬁiélt5§&glﬁs mﬁﬂ%“?’@‘%&%@%&?ﬁmﬁ idigplatiopspmpongat 1%us sol uti ons
such as [ ol utions, .buf. sol utions _and elution buffers,

res pect%ﬁ\%ﬁ,ﬂgf&f) e 'ftﬁf"éc?el%?‘is%%?‘!?ﬁ%@ ipqlptiongamppreah’9y apresuibed | Ui ds, 25
i ncl udi angpubtidfiehrtion bt iOBrbdicEORUCEE Ik SEHB LQp. §hamber 6.
Nucl ei c ﬁgh&" i so? | ol conponent 791’1@%5@%%}&%'0@“ é@d‘%‘fﬂgﬁ%&éﬁ% 25caﬁlaci d

bi ndi nd™ Shfend ghin daleii6 opgn to VERigHre ilomayeer Hugiped inty sagipld mmepabtianls, f or
examp| &hardber GROWEEhIal thed Wu D% PX S A0 b ravided with
flexible porr t 'o%gk.h% t hatﬁ%%ilou?éﬂﬁddé?%?éﬁ@éggqoorco{e’rl)%é%?g? gﬁ‘?}ntg C%F‘ﬂ\#ger or any
machi né8pAriCh ragtiogpeixare(somirisngot drample TR byffor g My i@y R theR'S

exenpl ivt bfifla Y eldforidfhtidn Yia chip inlet 86 and allowed to mix with he elution solution, now

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

sample preparation chamber 6 and/or inlet 86 and phinger valve 80 closed and plunger valve 81
25  open to conduct sample fluid having mucleic acid eluted and PCR mix to assay stations via

smple 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
' promotq even flow of sample fluid 56 into the assay chamber in order to prevent the formation of
bubbles within the assay chambers. Flow promoting siructures 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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30 When depressed into flexible portions 90 of sealing |layer, flowto

channel 20 or waste channel 84, may be stopped/inpeded or aI % S
to direct fluid flow to one channel or the other. [00152] t rch 2608

enbodi nents of Figs I | A and B, an air punp for air purgi ng of washi ng
buffer V@ 8303R28hi p nmay be utilized and injected by aPCHYGRIEShp"
controlled by valves. -37 24 March 2006 WD 03/ 035229 PCT/ S@2/ 00251 5

[ 00153] Furtherm)re, air punpi ng of washing buffer and elution buffer may
be injected by "fish pump" controlled by valves also. [00154] Typically,

sanpl_e pre on. ma conprised. of ,the foll ow ng exenplary steps for
t he énbc?ﬂ?cﬁ%atnﬁthg %Iﬁ B%P Yert samplefipig56 M@ﬂ%@@%&@ assay Stk too
exper i NRilchlyans ﬁ)ﬁsalﬁarg%ldteé)as sta&lHﬂ:z&'F&QM ws S ‘%héf% gﬂ%a%gﬁlr ng nucleic

acids therein may be provid Into sa prepara I on 6 having
lid 74- senp)o 8uid uwblelqmemwiongﬂw sitdes Dﬁassmtaameﬂs dipmrmmlr@ biethe pitepes at i on

chanber duced i nto s aration chanber
wion SRt 05 USe o fhe A bR o i BBt B « he
was h| ng asaf Elmnndl G4 whilt £laggiae sanpld ﬂmbﬁoﬁpﬁ tb Islye%k REGEBHI § RiayRatiyaosium for

exa one may punp in air from chlp inlet 86°to purge
W@}E%ggﬁ&ﬂé OB i nside the sanmpl e preparation chamber 6 and
channel (ﬁis 5.intq ste reservoir (not shown) via waste channel 84 (or
vacuum } eﬁ’&P‘ﬁllﬁgaiﬁﬁﬁ frother prbodisent of yssaymtation 26 skeressepondiabray ohanheli ¢ aci ds
bi ndi ngo4 RasRHBLEL f iPEbSeled Béurﬁ&ﬂ Pi3. %%Q@ﬁ n71918 g% ?QﬁSSr]comgle ﬁﬁ;rngtgg elute

nucleic acids fromnucleic acid 1s
 anount Bediangdiidingnisdeend xnglupmpmwhmdl zmﬂwrehprqdhﬁng)mmwfax&mamn ahanber 6

mnth pl Iosed and chj | et. 86_open to vent air.
oy R YEIINR i8s o8 thattod B35S 1B G Sl ek Bione GG paehndar |t he
E &mt iitipurgbscreharinel 22 mmurfsaa tedate@in aﬂamle n@;smd I\#I%re@fbgaz}a?é&suﬁ@gﬁﬂﬁ%lk 88. A)
re t|o nprl npl e S uffer and pol ynerase
my, 1 B0l - Boiiie Bk BRIl pies Bieias s DELGrRICAED Y Lo i X
wi t h tmec@ummwmah@nzz BQ%osﬁ@thﬁé Riphed ﬁ%&ﬁ %{1&043% Wﬂ)&)ﬁb%g[,pgn ding a
e Into

sanpl e fl yid, a final may ‘be add e preparation

e
chamber®o§8n W"‘Frﬂ‘ffﬁl"%n aﬁg maﬂwg@r nQi &p oxacOlaigd m@cboaﬂdweqﬂecm@e r val ve 81

25 opensdkf cERRAWAtn S }ﬂ‘@ﬁiﬂ and PCR mx to
assay stsa?lcons Vi altn sgprré{)ﬁathgL1 li@d C anne?“‘g%&h%ﬁ‘g%sbaem I gﬁ’?ﬁ%lfnﬁ’tﬁay al so fl ow
t o 28t Isecend mufpemessdhpnasi 2. |P&vmglwvelda® pfdvnieg/foi'mm&;eas‘ed tolerxmapbrahand not

har g E A ccHealohe B cxbbtp o BRE by oh gk by e o+

some of the coating may be applied onto the area adjacent the second assay channel 24 and not

adversely affect the flow, filling and eventual stoppage of sample fluid 56 into second assay
charmel 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
displacernent of air in second multipurposé chanmel 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 comer, such as depicted in FIG 12 for example.

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

-of sample fluid 56 out of said assay station and into the first multipurpose channel 30, for
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configurations. In FIG 12, the assay station's central portion is provided

with flow pronoting 30 structures. These may be conpri sed of i f

nodes 37. These exenplary structures pronote even flow of sa%plzrwrfébi%ggg

into the assay chanber in order to prevent the formation of bubbles within

the assayWwe@mdt@?s. Fl ow pronoting structures may al soPEIS@PEY sed of

- columms and/or raised protuberances that nay be forned upon substrate 36 or

sealing layer 40 or both. FIG 13 depicts fluid vent channels 110 that may

be formed within second assay channel -38 24 March 2006 WD 03/ 035229

PCT/ S@2/ 00251 5 conduit. These channels help to divert sanple fluid 56

t hat 5 mayxamler Undes paticay reacizan eonditions, isolatiandlujd maginet gverdiesededitelsssl assay

station i r order, . to prevent the sanple fluid
%g}[r%ggonda?ﬁ cﬁa&ﬁeﬂs %?Y]Hel %gel xgl\gglp%:#psg csaéag}el

56, whi & y run - arong S Etation 26, from nmeeting at the

t | 24 f or.m bubb]. le fluid
woul o 1 eSS PR sARRRY Bl Bl SO n Soty PR 15 3D Banp
fluid faeseemest of ot Isdsefat anWeetok fulutt-prirfbsa sifaaielSik Eﬁdvﬁl@d. 26 leadt dhe\Whshypout

bubbl e formation. 1001571 Figure 14 de&i, cts _anot her enbodi nent of assay

st at i onStgion 4445 situated anppsition Mferpedigiedetweona fimtand speond mruliipyrnose ghagesly| ed
por 4 on, 142 el 4 i Vi -C heal:ation- nmedi um 54
I 1S ng e i SR OBt M, BleRs et P TaBl Ea0 R Rl

f or mat | smfachelaractenistics orndueive folcandiictivioefn spmgle fivldthgetb®ughwhide ssconid ease of
manuf act urd ng. Fihrst, .4 f secon | tipurpose,.chanpel. 22 has its surface
U eat ool b3t 2 ARG by daptiic G PR GBD BRL ARkl

hydr oprua:hﬂﬁdﬁﬁ;t of §‘cﬂfple&kﬁd1‘mgleﬂ]r('§ugﬂ‘ﬁﬂc fo@ce&f;ﬁlﬂfa@ﬁél:}aphdeﬁhtd:s@ﬁﬁoﬁ%&ﬁﬁglaiﬁe 36 in
a manner such that. __second .-multipurpose channel 22 is exposed to the

appl i eorelefﬁémls 1d 6 e fe&é“{tﬂbélagﬁﬁ HaHomGh- HFsay statien shagnclyand s, as

appl4 caydipay (i othhrhsmmels ﬂ@haﬁ)@am@;eeﬁfﬁ?m MbufigdkHioRYduch Bs GR¥ENarOMBfseS€cond
assay channel 24 in order for the applied treatment to be festricted to

bei ng g lezsaEiPgcrpys-seional serfmertions niaddifipoociretamsamicipgplar ppetherg bevel 112
provi des, QL 2R eased tolerance for the application of the surface
treatnent, for exanple, such that if the laying of the mask is not exact,
sone of : ' i ' . -adi t . d assay
channelt4§8, BRhbaZEHe R BRLE S Aol P B SRR Ul bl RN

st oppagempfises dimploBowihgiexdniphry steps. Seeaiseinpls sfiyhole hlaod) dbr Edmpladiiert: konal |y,

havj . l.ed Li | | f.or. i d fl f J.sql ati 25
ool B S B bl el et e, o5 Stion Sty S Pl ol 1 e
and snaoiythavelicppbifdeniest ol ofaispedific probnd pritkbi(d)PaidRadrsedyanion isk#eand

reduces the |ikelihood of hubbl e
So there }s at feast one SNR probe and/or primer in all of the assay stations 26 on chip 100.

Each assay station 26 contains at least one probe or primer (some assays, for example, FRET,

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

25 [00161] A quantity of the test sample whole blood obtéined from the subject is provided: onto
the device by e.g. imjection. The quantity of blood sample applied to the device can be
determined by the skilled artisan based on the number of assay stations fo 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 mi 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 vacium 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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formation that may occur as. a result when second assay channel 24 and
second mul ti purpose channel 22 neet at a sharp corner, such ag NRRCAIZO0EN
FIG 12 for exanple. f 00158} Figure 15 depicts yet anot her assay station 26
havi ng an extended first assay channel 30 28. In this configuration,

sanpl e f MO B/BR2 hat flows into and fills such assay sREW§W#8026 not
subjected to the convective flow that may result in the flow of sanple
fluid fromone assay station to another as a result of heating said sanple
fluid within assay stations. This is due to the long circuitous path

provi ded lzeéfl rst assay channel 28, which results in the slow ng of the
flows . &ff e5 which itds desed e pwee Diclition buffer soniainingrelaaeediDN mqi@uIerSr st

T

even be gaueeahzﬂ)rtfmuk euitable dwshymethads of n.hethem hevemméndndhudenbit e deulimitedir pose
channel s. ure 16 depicts an confi ation of an
assay sfoaat"l[ % OWgP’&Oﬁenaﬂgo Pramf& “’th 591@%%%@@@%:1%% @%@%nd

nul ti Py oS BerCBaABH Rlehsed RO WAARMY 127 rdufREHuONECRASTNY14. T cORaid | S
situated in a position intermediate between a first and second multipurpose

chanhel i buffer Gaw spayple fuid) mlbﬂ%mﬁhaem P and; fghes fibw finto Hest aulti-pyrgesenul t i

pur pose. zhaRag! & teristics conducive to
conduction o?gaﬁrgt%sgal?&a*# WL hr oggﬁa I'Te second nultipurpose
channel %mryl e ter.d st 4,8 not

conduci Wéf(f c‘%ﬁ%‘u on &%geg{r%pt? t%#él; gxatllﬁgeraes%% ﬂno Siﬁaﬁ%ﬁﬁoréfes/ surface
char actigrffest Isolstia eediim 64113 ijadedthraugh atrleasﬂne&ﬁpm’(saliﬂﬁmtﬂa chnneBr3d angt ai n it
in the 5SS on 26. tati on chapnel s d 28, as 15 well as
the. ot KO S AL He SRR SR eioRe A ceiRe it PR BrA g o SErHE Rl

tri W‘gtﬂxfif)hase-@hddgﬁfg%las@ﬁ OndrBaB eeablY PAyREORRIS QGikAvRlet AONS dugiblat | ons in
addition to circular, semcircular or other cross-sectional shape. [001601

The netebEnesiquidt é’glellﬁ*?&“@% mediym rgypaipsa 68 slevaied rapgratyte abpvebewd98°Gf t he
|
pr esemvxé;%%ﬁé&hhé’&d/&exa mgsma 1§iﬁ%n%%oﬂﬂeﬁ%f%?%§eﬁg%n§%rﬁg% p@OJ%ﬁgt sanpl e

of whol e bl ood, " for froman 20 ani na subj ect .
Bef or e whsa tfmacriytmnsnedwda “as,sﬂaws}t Btproheated ta liv:hlilqm tageperatee, 50@e anay have

deposi tn?e%nﬁﬁ hi(eeﬁ%z dﬂ%@ E({t?lfow%n RE ?ocif[ hgsep ?—l%%%ver p ; ge‘éal(s ﬁ(e an daé gﬁrc assay

station is He%s anarere Fin all
of Zohe aad Wakcusdbid iesinaredbliquid sthiejpt 400m tEapdﬁramaﬂd/ﬂlsie&im thosedfiateiud o ns at

| east one pr.obe or | ne ass for T, . .reqguires two

pri ner §° Tarﬁgmfe Fgﬁaﬁ?‘ U%Fa@éé;?ﬁ"“%c Ia’léf)eéllnéa g%ler aﬁg %‘?ﬂfgﬁ EéA{_unant ity

of t he atRfdinSRTRbRN Wetbes. Btnos Akt sed dlﬁﬁmm&sc&%m&cmé B8y, ded ont o
Greene Publishing Associates and Wiley-Interscience, John Wiley & Sons, New York, 1995,

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

30 the image in each assay station,

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

' system are installed in an enclosure together with a liquid handling system for liquid / sample
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the device by e.g. injection. The quantity of blood sanple applied to the
device can be determned by the skilled artisan based on thesau

assay stations to be filled. But in general, the anmount of b?goﬁggf?g 6
will be sufficient to conpletely fill the assay stations provided on the
chip. Typye@sins§29 about 0.01 ul to about 10 m of sanplRCEHGRABSEL suf fi ci ent
to carry 30 out the nethods of the present invention. By "application" or
"applied" is nmeant that the sanple is provided to the device by
conventional neans including injection, electro-osnosis, pressurization,
or vacuum neans, [00Q162] A gas and/or fluid is injected into sanple

pr epat at BRI Zq]i’ﬁé{‘ ey flsp 1?%5435 §gmneeatyrp pairobsysiemde perform|thermplk dycling f er

inlet 4 glosadr R ; { Lplet 4 initially open until buffer
ot 4 E4RREor BUR Bl A e c0nl 0053 o re i1 ed, after
whi ch i tyght l]ﬁéﬁqﬁ 0 purge the elution buffer containing rel eased DNA
nol ecul e[gbfﬁgr\ pus L he buffer into an enpty chanber 12 and conpletely fill

chanber . of a and/ or fluids suitable for the nethods of
the pr es@ﬁ“ﬁ%@%ﬁglﬁmrﬂ%tﬁcﬁfzogﬁmgﬁ?ngatﬁ%s‘*%{le o srpasting f)%ng?qm H‘Eei"i"‘!ﬁon di oxi de,
ni t r ogemnample guitinstaedan o felloRgng dxaitple, dxbdk@laflylilushattd AW paDti ng flui d ( FPF)
in chanber 16 is then released into chanber 12 through diffusion channels
14. 1DNA [et167jaiSepd. Injecting thewhiple: (now sanple fluid) will flow into channel
20 and further flowinto first nulti purpose channel 30, first assay

st at i on [e188)NShmg, i@f‘@ka%?&?éﬂe&ts%ﬂ@ (e.%.@vhoieqﬂéo@gls Eﬁ@t]g?%riﬁﬂéggﬁ%rg/é: ame! ?efz

detects the tine when all the assay stations 26 are
| sol at | BFPARAERT Fhrmber; 6vig feptsamply inleti2o THh inectipringhis sippcanfbepdiiewdds, 46 into

channel | Lyafi [ I; |t se, channel s. Agai n,. the
qol a1 Bt EgstDaldl abileb puoighf, B ek B LRSS R ABARG Sl o 1 s,
t her mal gnewstaddislow giadspioek 31)% quid, or ultra violet (UV) curable polyner
liquid. The isolation nediumrenmains at an el evated tenperature above about
100G v[091¢f] eBiepli hgsimmaf/cells anti dingdhigpt DB\ dispdrausatuseblvék 3Innent  of an

el evated tenperature. Typically, when the isolation nediumis wax, the wax
i s pre- [W8&T0} dCeiblysing buifar txitjacted imtmpemdlelpréparasivm camber 6Wd inletu| i06R e does
not fl ow 'enlists s{gl Ié’d ﬁh%?e. .tHovnav.er, Igtgﬁr Iggteﬁi s I'ike thermal curable
20 and L AYSsh PR pedsells aid ity oplfs g sinl¢ and DNA molecplgiare slesssdsiromp dheand

t her ef owkiteldells @ndrbéeank Shsperdied inthé lykiag bhfe cHkiSntiEa khiifle pRbdrafisddmBLAL | ONS
are placed in a thermal cycler and subjected to PCR™ according to known

nmet hods™ See e.g. Ausubel et al. Current Protocols in Mlecular Biology,

G eene P@is&i 2% Associ ates and W ey-Interscience, John Wley & Sons, New
Yor® 18851 OQnecxpmple af g cﬂwgpﬁbﬁ?rﬁ@ﬁ@ﬁﬂﬁé‘éwﬁememmwgemlsarrpl i fication,

~at least a pefyt i A 1find Sed i Gus Buster )

() 4.15g of NH4Cl dissolved in 500m! of water and Tris-HC] adjusted to pH72.

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

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

(2) Forlysing of white blood cells (Buffer B): 6M GuSCN (guadinine isothjocyanate)
- 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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25 is illumnated by an excitation |ight source having a wavel ength
spectrumrequired to. excite the fluorescent dye, e.g. fluoregcKidrch 2006
contained in each assay station 26. Wien the illumnation is perforned,
canera 32 detects the fluorescent em ssion i mages from each assay station
26. The W9OPHB&E8%ent emnission images are anal yzed for:PGYEI¥8B8ent eni ssion
intensity at the location of each assay station 26, shape and | ocati on of
the fluorescent inage and the em ssion intensity of 30 the inage in each
assay station. [001641 The mai n conponents of the analyzer are the
fluorescent em ssion detection canera and the related optics which are
avai Fabll@1¢ndwat o] % TrifosX-t0adiBiteto 0merts wnesiMGSHCl (@@E@',ne Sunayana- cho,

Hanmanat §4q, S Mide ﬁ?ﬂ%ﬁ‘f%ﬁf& ) 430- 8587, Japan. The canmera and the optics
systemare Instaltéed in an*enctosure together with a Iiquid handling system

for Iiqu Le, - 24 . 200 ' 035229 .PCT/.SG02/ 00251 5

I nj ect ?ﬂjr?q 7#@%2@3%112%%% baelnél,}w"ﬁgﬁ lzﬁg%eb"ﬁ%g%ﬁ{fr g{ngﬂrgecggﬁ{sltpg?m Ystemto

00165]  EXAMPLE | DOIR0L. e cxanpary T ol ot Sont et he Sampl o and

ext ract F%Wgﬂﬂwar%ﬁhcgﬂ;éb%gé%su fspeghitihe glpgs block Sl deg tp fherahgorptiqn bythe g

exanpl e kMo | | -+ : t 1.

CXATD! Cubs BRI o k] PR B oo ook GRS 20T,

whol e bmelsenies in $hei lyijed saraple iara hyuarbiophasurfprecqdlecglass hloch3lsiaee e glass t est

SaTP L & B s kB loS L O Rolelihda B1EBpE5 " DO SE SVES DY | means such
Frrary p r

as pressurization, € unpi ng, &uum suct i on (a vacuumis

convent) I e . l.ass bl ock 31). . 00169 t . Lysin
of "oer 1 0OLRY T aaBROET b e RPN nd RS Bend o e PR Pt PRy g
buf f er samplerpébyising buffeotisaigh e ghisebacieadl, 6 fellvaihehedhs virtaldoHe@bpKed: Cel |
lysing buffer lyres both red cells and white cells in sanp|e and, DNA

ol K 108G ressutiealiOn pueh bl Reralg by SBnEePIT e RYER ShifeseapleBA 4Ee n t he

lysi ng H&ﬁéﬁﬁﬁo@ﬁﬁﬂlmlidﬂeﬁ@t@&ﬁ:&fs%ﬁﬁbﬁFj on chanber 6. 20 [00171] One
exanple of the cell lysing buffer contenplated by the present invention is:

(1) _Forjod1ys] Mhe fakeBlodl 0L, 680 beSreplBbHITS ot} Hltdrnhedth ifcteliRd: oNEMHer g SOl ved
in 500m of water and Tris-HCl adjusted to EH 7.2.

or floss, glass powders, non-glass media such as cellulose fiber mat, or magnetic particles with

treated surfaces to atiract 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 can be in the

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

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

[00179] Washing buffer is injected to sample preparation chamber 6 via buffer inlet 4, and
25 = washing buffer is pulled through the glass block 31 due to the absorption by the absorbent 5 or
by vacuum. Under the flow of the washing buffer, the DNA molecules bound to the glass block
~ 31 still remain, while all other substances including cell debris or proteins in sample preparation
chamber 6 and glass block 31 flow through to a waste drain, which can be the absorbent 5 itself,
underneath the glass block 31. At the end of this washing step, only isolated DNA molecules are

30  collected for subsequent use.

| [00180] One example of washing buffer conternplated by the present invention is
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(i1) Make a separate stock by dissolving 2.06g of Tris base into 100m
water adjusted to pH 7.2. 25 Mx (i) and (ii) in the volunetk '
9:1 (2) For -lysing of white blood cells (Buffer B): 6M GuSCN ﬁ%ﬁﬁhﬁgem
I sot hi ocyanate) and | OrM EDTA [00172] The above buffers "A" and "B" can
be added WO8¥kwP or in sequence "A" before "B" or "BPCH¥HHEST A", 30
[00173] Another lysing buffer contenplated by the present invention is. -42
24 March 2006 WO 03/ 035229 PCT/ SG02/00251 5 [00174] 1 part of 10% Triton
X-100, difute to 10 parts using 6M GuHCI (guadinine hydrochloride) (in I
Sanpl e can al so be m xed with [ysing buffer

ami TE. pit 6, 7), 1001751 - Sar : _
bef ore bAYIE] i29Pwdt NaCh 48 oM Bmpiel, SmMEBRT At adiust pH afsinturéto TTheDilytsed whol e

bl ood sam B ' f,f _i S I ration
chanber e B S ARt e WIS LS oP i ed dif 0BG BB o by ¢ e
10 absortnénd. Bnothetbyashing buififer cifienplitbdby the pebsan ifvbstiopassesisbitopmgh t he gl ass
bl ock 31, DNA nolecules in the |lysed sanple are bound to the surface of

t he gl ag80182o &k adiitionsto deabidigtiog afd the vEduQGknehs Basrilel @bdRitd pdsythbo at tract
DNA contained in sa In addition to the: absorption and the

le, [001761.
vacuum rEshies byffes Eh”g&‘ghea&i% &logig 31y thefolloyuing ieans can alambecappling: pesifiveg buf f er
th h f + WM : iad: 15
r 0{4gh plRridh St KGKat Bdnerdidd®y a&kﬂa}%ﬁ@ é:giﬁg:{g?%}gp E}% Qvga'g@gﬁbﬁﬁr &P&Hﬁ% ,ﬂ%

positive pressurization, such a$ | nge pu 0 punp
t he sanplogk 3her dlgoforpgmotisipreping. hr ough the bl ock 31 or el ectro-osnosis
punpi ng. [00177] The gl ass bl ock 31 can also be replaced by other filter
medi a | HOL8A; Bigp 4gEhstme DNFefromglass Wockfiloss, gl ass powders, non-gl ass nedi a
such as cellulose fiber mat, or nagnetic particles with treated surfaces
to attr {184pNAftemhe glassddqckStl ds dribtighetlation taiffecis ifdctabinoaimsgle pepaade of a 20

conbi nat, of filter. ' The DNA aftracti.on nechani on the filter
medi a c%hr?%%eerflf‘ﬁm}tb ngefgr If’](%fﬁog?ﬂ,ly FEPYSFR Ipé?pa@:n@b?l}aﬂ’g’ rg il[ﬁe &tion or
at t nact pafnaéd BNActhodsaiubleds natik diyirgsor by SlevAtliFUR dnibigeeantantd\&@ tyitot er

medi a. [.0Q01781 Step 3. Washing. the chanber 2 and gl ass bl ock 31 [001791
Washi ngg%'?]f"f“@ﬁ- ﬁ%e Bﬁ?fé%&“é%ﬁl‘){* bpicaibprapess fopns fom sseerdnigradew nBowjesalminetipnr i nl et

4, and gihy@siuntfieréelsobe pRitrhédby McRtiORe bitfer idb AR SaihiOfpadigie to the

absorption by the absorbent 5 or
chamber 6 through the glass block 31 ("bottom up”, i.e., injected in the upward direction through

the glass block 31).

20  [00185] The elution buffer is capable of releasing attracted DNA molecules from glass block
31, and the DNA molecules released become suspended in the elution buffer contained in sample
preparation chamber 6 above the glass block 31. One example of the elution buffer is autoclaved
water. Another example of the elution buffer is 10mM TE at pH 8.4.

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

[06187] 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 premixiﬁg 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 coﬁtemplated include the enzymes for DNA

amplification, flucrescent dye for fluorescent detection of DNA molecules based on principle of
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by vacuum Under the flow of the washing buffer, the DNA nol ecul es bound to
the glass block 31 still remain, while all other substances RacMatcha?2006
cell' debris or proteins in sanple preparation chanber 6 and gl ass bl ock
31 flow through to a waste drain, which can be the absorbent 5 itself,
underneatWPP%'gsﬁ?ass bl ock 31. At the end of this wasHTFEIERE only

| sol ated DNA nol ecul es are 30 collected for subsequent use. 1001801 One
exanpl e of washing buffer contenplated by the present invention is 24 March
2006 WD 03/ 035229 PCT/ SG02/ 00251 5.[00181] 200mM Nadl, 20 mM Tris-HC , 5mM

EDTA, . adpust pH of mxture to 7. Lt 1 Xt ur 1th 95% et hanol in the
vol unet r#ht%:losrl?sg%c% e%qwlréﬁo%ance @a@fﬁmnﬁai‘ﬂw@@@gﬁ%@%&mﬁ% &9, Alnot her
washi ng Susiereille, NIISYER GiealD MMolchRarPrstg The | FRSEML DAY ahélvl%ﬁ%g&S@&_e anol .

[00182] In addition to the absorption _and the vacuum neans descri éd above
to pass #Heny oerRhagicals regaired tapederm DINA ayiplifieativhomd Idrescemtdetectidnoiibeg neans

can al soRgiRARRH;ESs AR, rization such as.that generated by a
A Tt S R A S T R S A T

el ect r o-wefimpséte punpi ng. [00183] Step 4. Eluting DNA from gl ass bl ock 31
[00184] After the glass block 31 is.dried, the elution buffer is injected

i nt olos arfpli89pr Bramanhicf elutim bl sibuld fallpodchipy the Bdrgile frefplation Chamiee 6 4pY

sanpl e %ﬂ? ar ttj 0 hanber .6 .nregfdé%/f%{ng i.s 15 performed t%y met hods such as
nat ur al @%" 8”8? B@ergf“bvgihith“gl % agpgl 19@%’6&"&‘8&‘1& BipeHsre air

bl oW ng.exitida vellvy 8lle Slufic Budfer fs\:4ad iR . to a few
mnutes. Injection of the elution btogsfiél?&g)gﬁﬁglhgg&%gﬁggr{?@?%eﬂ?by

inj ecti REERHBSERf fer into the sanple preparation chamber 6 through the

gl ass bl ock 31 f"bottom up", i.e., injected in the upward direction through
the gl ad®1floA ioyts shapld &)ﬂ@k}fﬂméenéﬂmeluﬁnn budfer diomi moviegaitside b€ r el easi ng
attract INAe . ock, 3 nd th | ecul es

rel elgsegggeconfgg Eﬁ%ﬂgﬁggyc?ﬁh gﬁ%faﬁ%el O?]l Sﬁ#%ﬁﬁ‘gboh c%e;?ggw%ﬁe%g | e

pr epar atialysisc farppgiculsr, aadvertentupplidatasofthogisoBdnt SGheulékaagplded)of the el ution
buffer is autoclaved water. Another exanple of the elution buffer is 10mM
TE at pH089Y. TpeoH:63 ih¥ spresithind BNAaoletulds ind tef dntifei volimié, of the\eluibat | Ng

act uat o 4 pyesses dj,aphr.agm. to 25 agitate the .elution buffer in the

Sl o PREaRLE ER et R B Gilbnion SED DDl nSieenlcs 5 PyigRy HeelowieA

mol ecul ethbds che by setl hethg kit ativk:Ofgitadds FlRr BPicRlfatdr 12 a&ingloh 9%{31%!521{1%?,- [00187]
ock )

The_present | na/%nt I on aJ so contenpl ates soaki ng the gl ass I n
el utd or?s ed above; applying aw_nbratorto shake the entire substrate 36 (chip) at one. or more than

one vibration frequencies, especially at a resonant frequency of (1) the entire chip,' and (2) the

mass of the elution buffer contained in sample preparation chamber 6; heating the buffer
contained in sample preparation chamber 6 non-uniformly to generate a thermal-gradient
induced flow, or forced convection flow, of the buffer inside sample preparation chamber 6;
25 adding surfactant to the buffer contained in sample. preparation chamber 6 to help to release the
' DNA molecules from the glass block 31; or adding magnetic beads or ﬁbers into buffer and

using an electro-magnéﬁc actuator to agitate the buffer to help to release the DNA from the glass
block 31.

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

. conduct the methods of the present invention.

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

invention may also be utilized to conduct a plethora of various assays, including homogeneous
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for about five mnutes. [00188] The elution buffer can contain, or be added
W th other chem cals for subsequent 30 analysis, (such additigda\lacbhR2OE6S
can be added by prem xi ng such chemcals with the elution buffer, then by
adding the m xture to sanple preparation chanber 6 subsequently via test
sanpl e iHP&Y3823nd/ or buffer inlet 4). Additional chdf¥EH¥ %t enpl at ed

i nclude the enzynes for DNA anplification, fluorescent dye for fluorescent
detection of DNA nol ecul es based on principle of -44 24 March 2006 WO

03/ 035229 PCT/ SQA2/ 00251 5 fluorescence energy resonance transfer (FRET),

(ol ScurrpGRBEtep s R o) Bhyeogind ohecn S tBU nts A el of her
cheni calgedosiod DNAIRNA/ARIERE FubldD B1aBhdel) %Eéﬁ%}ﬁibaﬁsﬁbaaé&%ﬁ%af%&d detecti on.

The injection in this step may be achi eved through pressurizati on,

capi | | apspaysumserRiary peseysand cepanenls sregrayided belp®0189)° The anpunt of el ution
buffer should fully occupy the sanple preparation chanber 6 so that the
el ut i on[08i#4leln %%%Mdéﬁamm (usledt acafbagddpensbralimaits, pOmemandprobes in 0. 1K G 1.

Si nce thgt ex] st val ve he,.el ution buf.fer, is,conti to sanple
RS A B L o s
sho 11043 e of o2Bnt 5t B3Ny figiod lats@ €
domai n of the chanbeir .6, g',nce thip ulij cause the ?@ossl_ o%ﬁa%lslA nol ecul es
for subRoBYEERLor cXamapls, dmol QIF%FOBQPW?D&%&,S oF FSBPENE S N RIS AN BEPBHIOB ¢ he
absor begfeasgs EM%rMh@d’@P@R?Qacﬁ&:ﬂQ&%é{mfﬂns%%&Qﬁg?ﬂﬁe@Bﬁc?ﬁ‘xg whefee Oof DNA

mol ecul es into the entire volunme of the elution fer “and to enhance the
uni f or rmigfuse Revsuniodke assayskrbiomnye frst wultpaposerchbufe? 3¢ or chirmelsdUpaveng et hods

can be ' I iLve: - agi. [ 9 0\ . 34 acting on
di aphr a%ﬁggf,‘ ﬁgé@g@%{@?%gﬁ&g g%é{l ﬁlégg?‘yolp%L%I%e%bgg?gﬁg{egmgﬁake t he

entisr e DBazsibn affpeod6is (elyibp pominciod by, and notbimdted antilizupefluordscante @eorkn@guenci es,
especi al | t ant. frequency of. (1) the ent] ip, a 2) the

mos. ootk Bensfy PREO e deeean e ioh, L abgrLSEbEr Shebieidnber o

heat i n@efebonian bfher intefalitond (PRdGrdEnSBEPOTO[yE RRiBle L Toka FORO-L BOmp-UNi form y
to generate a therma|-gradi ent induced flow or forced convection flow, of
the- buft? B sxic Bealiign deiafiah ot RUA Amliigin 5 ol g esheralomsht to the

buf f er yeanRhRRRE fronh FRdEREE, Preparation thanber 6 to help to rel ease the
DNA nol ecul es fromthe glass block 31;. eor adding magnetic beads or fibers

intbg byge195] #Gkemplary DNA based assays, amplification and detection methodologies may
comprise PCR, isothermal amplification methods e.g. nucleic acid strand-based amplification
(NASBA), strand displacement amplification (SDA), etc, as well as ligase chain reaction (LCR),
rolling circle amplification and ligation, ete., using FRET, molecular beacon, etc. as described

above.

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

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

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

30 [00199] PCRmix: 1ul of 10X Pt Taq polymerae buffer, 0.8ul of 25mM MgCl,, 1ul each of
~ 10uM stock Trytophan hydroxylase, Forward primer (5~TGT GTT AGC CAT TAT GAT TA -
- 3") and reverse primer (3'- CTG GAA TAC AAG CTT TAT GCA G- 3", 1ul of 2mM. dNTPs,
Iul of 10ng/ul human genomic DNA, 0.5ul of 10%BSA, 0.5ul of 60X SybrGreen, 1ul of Su/ul
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using an electro-magnetic actuator to agitate the buffer to help to rel ease
the DNA fromthe glass block 31. [001921 In all of the above 2delkarche2006
sanple inlet 2 and buffer inlet 4 can be used 30 interchangeably, or a
singl e pqr i..e. test sanple inlet 2 or buffer inlet 4) can be enployed to
conduct t%‘é"éﬁ“é’?%%ds of the present invention. [00193) Rﬁﬁ’%‘%’”{’%él descri ption
has been generally directed to PCR and other anplification assays, the
invention is by no neans so limted. The apparatus and net hods of the
present invention may also be utilized to conduct a plethora of various -
assays, plfiiahiei = SG02/ 00251
5 agf}slayfs’l%lﬂl—b m)&g% : ous g?gﬁggﬁ%&ﬁ’hg‘%%@%&b%? or me?ixg gé]ﬁ%{?tggr% glhélpsg};%an be

di vi dedexicert thef® igmnEagpolyroearssegor i es: DNAI RNA/ Apt arners (nucl ei ¢ aci d based),
Protei n/anti body based and cell based assays. Exenplary assays and

c onponefit0200h < Rovonditidex hisxestant/26°C 6 Qthay 30 ¢yelcDNAP REA Wptca fECs- 30mecindi ¢ aci d

based) odi.nment.s rinme apd pr s in 0. I buffer, exanpl e,
vt e boNC AP B 12 e, PR Ses fore s MipCE eyt ez ed 1o

| mvobi lHggpditom iR PcRedshh nagle! £AG PLRMHE SRPADE Whas WisbRbdubr d €881 One assay
station nay also conprise, for exanple, inmhobilization onto beads, gels or

mentr arflres@aimpicoseapguging thesama exporre et foz sech iDREe. HeokrAm forftcempUeCR

reacti - Il : ixture flows
nco ok St e BB SioBREpRIOP BN Raod P bl 0 1
Upon r édwydioyyasapemerfrdgheniasicomparcdtocogirad rastiqunar t i ci pate in the PCR or if

specified, RT-PCR reaction. 15 Detection of products may be conducted by,
and notf0020h) Eesmple 2: DCRHIRAEThdptdctiorosfals 38 RN A garrfanc Blesiemeragy transfer

( FRET), ecul beacon detectjgn, or. normal non-ERET. Sybr en, EtBr

Gt ect PHRAGTAEb Cr P REET e ZocieH b (hioB R eh RS oo e G PLes b g a0y
Totg- | Erib®ROVhp, IBpE SrleReal-TinePCRIMciod el ApplioRidhaMicRbioldh afd FENA
anplification 1s collected during, each cycle and then subtracted froma
basel i AealysiEgU] Rascbet. 3l {Edsb ppringey ppNdl-bHsed assays, anplification and
detection net hodol ogi es nmay _conprise PCR, isothermal anplification nmethods
e.g. nifRe3lcPERmix:dut afnld) buffpre buljob AmM AMERY-3ukeashefd O8Ms p| acenent
anpl i fi } é@ﬁg et ‘ ) i Ay, i uiaé.:'?%’u rolling.
circl ektg%tpoﬁ%i!c tl o”n(saﬁ%mf%%%@3%@%@??3%%&?@%@% ar "beacon, etc.
as desEAGOE Cap&ifeA T2% CA0-306ml pfd 200M stavk ffuotesewont prgbealS5dfRedérd- maybe

coppucked Ada LB WA ctABASEBE IPE O3> -Phosphate), Tul of Sug/ul BSA,
1.6ul of 25mM Mgcl2, 1ul of 10X Sybrgreen, 0.1ul of 5u/ul Platinum tag, 1.2ul of water and
1,5ul of sample containing P. shigelloides DNA.

100203} PCR conditions Hot start: 95°C-1min, 70cycles of 90°C - 0 sec, 70°C- 4sec, 72°C —

Ssec.

25 [00284] 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-labeleci oligenucleotide ligation (IDOL) assay is an assay that usés
PCR to amplify the DNA sequence and then posi-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 allele-specific acceptor probe labeled with either ROX (6-carboxy-X-thodamine) or
TAMRA (N,N,N8,N8-tetramethyl-6-carboxyrhodamine). Thermostable ligase was used to
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the present invention are neant to be exenplary and non-limting. [00197]
DNA Based Assays [001981 Exanple 1: PCR assay with Sybrgreen pd gkfah 2006
stations (dianeter -'0.5 -1m), chip thickness -. 2mm 30 1001991 PCR m Xx:
lul of 10X Pt Taq pol ymerae buffer, O 8ul of 25mM MgCl 2, |ul each of | QuM
stock Tr YRS hydr oxyl ase, Forward priner (5 -TGT GFEURGPYRT TAT GAT TA
- 3) and reverse priner (5 - CTG GAA TAC AAG CTT TAT GCCA G- 3'), lul of
2mM dNTPs, lul of 10Ong/ul human genomic DNA, 0.5ul of 10%BSA, 0.5ul of' 60X
SybrGeen, lul of 5u/ul -46 24 March 2006 WO 03/ 035229 PCT/ SG02/ 00251 5

Pl atd nygtathaRR %W@éﬁ 3Bt ngsn%% nYi@iE(ﬁfde al tﬂe%_ 153 tﬁ@%&@ gro%@q{e?g‘é’?{(%
conponents are the sane except there 1s no Taq poly [002001 PCR
condi tl}ﬁlﬁten,lebal Sienarhe RGCI998 MayR(5)319%e56c| es of 95C -- 30sec, 55C - 30sec
and 72C - 30sec, 72C -- 5min,12C - forever. PCR was done ina M PCR

t her no§2er DORTSsayXoDdetentibdcoalon BN CAT mutafi@n ﬂqﬂ@a-gi&ﬂﬂug@e rebpdmibldoR, t he

chip 100 wa observ under a Le ca 10 fl uor nt m cr.osc g the
can oRpBOERETIE f i PERER A AHGRS Mok 55 08 S DR oE S DNy ¢ o
| mge GRpldhglc 5’ éﬁoﬁ‘@&%&sﬁnﬁ&@%é’ﬂﬁ%&} kt¥Sond Wl thd ¥:£18hd Rnrefs BLBEI

Trypt ophan roxyl ase gene fragnent as conpared to control reactions.

[ 00201 pb cE’)%arrpl e 2. PCR FRET detection of the 23S RNA gene from Pl esi onbnas
shigell oides, a G amnegative bacteria that causes human gastroenteritis.

Ref er ei¥2071JPER-ligaoramis: 2ulHf E9OmM [ripiPh $4p2ul REGHEMIVETIR, 2R 0. SN ARCLPCR,

Al (Rt AR AR sl STERL R B B0 PR kBl (PR g

buf f er GTGUSAGACKHTIHAGNARS, AOT 84T GGEh3°9hnd re@rﬁdpmﬂemﬁ( GOAVECTICAC ner ( 5'

TG CARCAZRCIOTEN 466 51 i meap P Pl i Ren ible GEPAMIEL A0 2D aor

AGAs GCATETGAT E&%ﬁ?ﬁuﬁﬁ:&ﬁd@&&%ﬁ%rob?k&)éﬂb@}ih@&@A@AG@f TIYgrwl BSA,
1. 6ul of 25nM ul _of | OX Sybrgreen, of 5u/ul_Platinum taq,

1.2ul GAGHS RO dui af Sulyi TAMRS acsenter obed S Prhosphels N AGAGSETENA. [ 002031
PCR co :a%ﬁ'hhﬂhﬂ‘ S 70C 4sec, 72C
- - [seggHZEIS [002041 Si }FO ucl eotFegé Po ]gﬁt)?géﬁlsm l&%l ggt ection:

Al | el epebypessisti GSupitRf igheetf B A Hgase and water to 20ul.

[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 — 13sec, 45°C — 1.5min.

[00209] RNA Based Assays

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

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

[00211] RT-PCR mix: 2ul of 5X RT-PCR buffer, 1ul of 3mM dNTPs, 1ul of Sugful BSA, lul of
25mM MnOAe, 0.5ul each of 9uM stock forward primer (5°-CCT AGA CAT AAT CGG G-37)
‘and reverse primer (5°-GTG GTC TTG GTC ATA G-37) and 0.5ul of 4uM stock probe (5°-
0 LCRed640 - AGA AAA AAT AAA ACA AGA GC- 3’-Phosphate), 0.5ul of 20X SybrGreen,
0.5ul of 5u/ul Tth polymerase, 1.5ul water and viral RNA added to 10ul final volume.

100212] RT-PCR conditions: RT ~ 15min at 50°C, denaturation 95°C — Smin, 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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ol i gonucl eotide ligation (DOL), PCR-Q.A-FRET (oligonucleotide ligation
assay), LCR OLA- FRET, allele specific Tagman assay, etc. [O002@5MdrchnPOO6
3:. Dye-label ed oligonucleotide ligation (DOL) assay is an assay that uses
PCR to anplify the DNA sequence and then post-PCR SNP detection using OLA
or 10 ol {%Q)?M%F’é%tide ligation assay with FRET (PCR- OLRCH#9025The OLA
assay uses 3 probes to detect a SNP, one conmmon donor probe is |abeled

wi th FAM (5-carboxy-fluorescein), and the other allele-specific acceptor
probe | abel ed with. either ROX (6-carboxy X-rhodam ne) or TAMRA

(NNN?, r - oxyrhodam ne). Thernostable |igase was used to
- 47 yﬁﬁ%t\%j C%%%@a@%%%% 35229 PCT/ SG02/ 00251 5 discrimnate between a
mat ch ' tch nucleqtid t e 5' - t he acc or probe. .Ref erence:
Y Chehodl? ZREuect i B hs B BN e o o R 5T GiasBE PO Rl oy o
det ect im@iffi«Ade.g. #ptidd ducheitt 21di(BNA), fhibfRphaikated DN, Rich@RenteRsORils L bl e for
bet a- o-t hal assem a. The priners and probes were | yi)aghi |ized in the assay

st at i orf¥eHmErteipdigand(lipid, sapehydpiccmpirlglis gio)-i Hpiamers labeled wilya dye, 6-8 he assay
tati ' ' . i j [i ti
o SUPMRA fnple GHPHCIRRRRIE aftf SRR denl SRREE26 d e R | ot

10m¥ NAPphidiged. ok ta2ges pivitednBifigenimapltherd bedatbdibQlintothoskayR@RofoH MG pri mer

(5" - CAT G A A T. -3 nd..reverse primer (5 - GCA
oot o el i e po o bR B B sR T or obe

(5' - FAMptdadr/ph6ieinindiglif Ghe ol @e- binding paitl is RbelddivitiRthe fusrese@diyaccept or probe

(5" - phosphate- CAG AGG TTC TTT GAG T-3'-ROX), lul of 5uM TAMRA-I abel ed
accept g2Es0Paitdb/ Apliasp bake AsshAG AGG TTC TTT GAG TG-3' TAMRA), 30ng of
human genom ¢ DNA, O0.5unit of AnpliTaqg-FS polynerase, 1.5unit of Anpligase
DNA | i gmges]apsbisiiatibddy addyk] such QOBORA (Bhdvricligikid Rim&BfHbent ﬁya?%na@nﬁt uration
95C - 2znin, 10 cycles of 95C -15sec, 20 ranping slowy to 6 over 1.5mn,
6505- Yiilized acooplingipebe 53chinge oftherresspt igwaotion togigtest pathogens (6.8098,  and

J 92t | QRgwiRIENES 2P pfiGh B Aleradfilns m@ ARG sabafings, | Sm N [00209) RNA Based
Assays [00210] Exanple 1: Anplification an cFet ection: RT-PCR-FRET

det ect | 1R AP TeTs [FI-NMVIY) bR : ; Qe Eel zabet h
Li m an H}@ %lr?? eInP. ftYap, p Elig%fnd C y%’tie’ klﬁeagﬁ{)%%gﬁ smt&sléan Bibelcd Wﬁ?ﬁaﬂs@f
FRET dyes, bioluminescence resonance energy transfer (BRET) protein, fluorescent dye-

_ quencher dye combinations, beta gal complementation assays protein fragments, and dissolved in
201X PBS, spotied 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 conceniration (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 0G-514 (Oregon green 514 carboxylic acid, succinimidy] 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-
10 514 fluorescence. The [abeled antibody-antigen complex was lyophilized in the assay stations.
Sample finid 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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5 PCR, Methods and Applications, M crobiology and Food anal ysis, U Reischl
et. al. (Eds.), Springer, pp 241-251. [002111 RT-PCR nix: 2uR4oMa8rhFI008R
buffer, lui of 3mM dNTPs, lul of Sug/ul BSA, lul of 25mM MhOAc, O, 5ul each
of 9uM stock forward prinmer (5 -CCT AGA CAT AAT CGG G 3. everse
primer (3OBBEC TTG GTC ATA G- 3') and 0.5ul of 4uM‘§‘E‘?€%§?§ @éﬁe (5' -
LCRed640 - AGA AAA AAT AAA ACA AGA GC- 3' Phosphate), 0.5ul of 20X
SybrGreen, 0.5ul of 5u/ul Tth polynerase, 1.5ul water and viral RNA added
to | Qul final volunme. [002121 RT-PCR conditions: RT -15miri at 50C

denat uralabeled Stigen. Comip&itiod witiahiabeled arfdipén reledses the QIS Hlakeled ahtibedy 50 cycles
of 87C.- OCsec, 55C - 7 sec. -48 | 24 March 2006 WD 031035229 PCT/ S@2/ 00251
5 [ 002 Mpsefomssesncnisisigotpda ghaut SAHHI0MME Apt aners are synthetic DNA, RNA or
pepti de segrences whi ch may be normal and nodified (e.g. peptide nucleic

aci d (2L Expwplect Roryls spndwickhrptibody EREThat interact with a target
protein, ligand (lipid, car bgs%drate', met abolite, etc). Aptamers | abel ed

with al@9ze0] &wg morpalpmAaftibediescirepled agaiesy 2 pen-sgmnekivy spdapcanfitheddided into
i | | B Pe .
oy 1 hEREDaE et QA R e AodBu BRIl it oy SAAGLocRREER) 201 | 0N

desor i hetthabtheeallophycocyasia€APCpol ari zati on nay then be utilized to screen
for aptanmer/protein binding if one of the binding pair is |abeled with the

fl uor epigert] dRET W43GBiddedMihei eicitationAfht Badiirebied aPEYas dy of ek ivas
Pr ot ei n/ Anti body ass

S,. such as ELI SA (enz -1in | Qsor bent assa
may beonly 30t Relereace: %@@&I’ieﬁ '=F§T‘{“Ff’§yt28é%ﬂ¥“¥?@r%@f97§ﬁg ]B’Fé 2 fVent i on %/2)
det ect FRet hpgea %nﬁ:%véli-bgougi?g?ear sanchel CREFdySHirs sBik @leybdr&ile Bydser act i ons

and drug screeni g@s. %e , I n these exénpl ar% enbodi nents, the
ant i bodaé3> & Ja660)e iReferenssi Qswald B et. alg Analybic Biochergistry F38-37217d 4 (2000).
bi ol um nescence resonance energy -transferwé,BRET) protein, fluorescent dye-

queénchi#h22R] cExambledi fcraswsiatiopealacogmbineohatiberyright sdheary shyis disededbina
fragmﬂ{@rg%gg%(gﬁ%%g%ﬁéﬂsgag_l X PBS, spotted and Lyophilized in the assay

stations.~ Sanp reparation rel eases .proteins or other antigens
100) 000, Fesa bkt dn Bl Py BELFLARGmeR ot YBD 9l o) S
t hese lighovhaim{\iL)tweee abdalwitlsthedinionide estezs aflffmoredein amd riddsmine3ed above. Upon
re-hy dr[as%teist?vrély!. t}ge %re]etdg agﬁr(ljl{y%?vg an}ar\ﬂ{ %Lvrérﬁ%gghsoth@}gmvent association and FRET, '
20 but at low temperature e.g. about 4C and in the presence of antigen, the VH and VL interactions
- stabilized and hence FRET occmred. When excited at 490 nm, significant decrease in the
- fluorescence at 320 nm and its increase at 605 nm were observed when an increasing amount of

HEL (aniigen) was added to the mixture in the concentration range of 1-100 micrograms/mi.
Reference: Ueda H et. al., Biotechnigues 1999 Oct;27(4):738-42.

25 [002241 A modification of the above method may be utilized as follows. Instead of labeling
with fluorescent dyes such as ﬂuoresceiﬁ 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 iransfer) is observed. However, at low

0 temperature e.g. about 4°C and in the presence of antigen (HEL), the VH and VL interactions
was stabilized, hence BRET occurred and fluoreseence of EYFP is detected at 525nm.
Reference: Arai R, et. al., Anal Biochem. 2001 Feb 1;289(1):77-81.
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participate in FRET, BRET, fluorescence quenching or beta-gal
conpl enentation to generate 25 fluorescence,, colorinetric orzérMéFQ@(?OOB
chem | um nescence (ECL) signals. [002181. Exanple 1: Antibody-antigen

fl uor esc%@mg%?pchi ng assay: An anti body was | abel ed per/atiobn2$0- 514
(Oregon green 4 carboxylic acid, succinimdyl esters) and the antigen
(peptide, protein, whole cells, carbohydrate, aptanmers, etc.) was | abel ed
with QSY-7 (QSY-7 carboxylic acid, succinimdyl esters). Fluorescence
guenchi ng prevented or suppressed the detection of OG 0 514 fl uorescence.

The 3 aHe022§) ayrt pbwhiy madificgiem of iefirehmetiend is asdpllovsi Instdad of labelingwihy st ati ons.
S | | ui d ti | i . i int.o PBS
T burtiiateeb s ey ARt e AR gl 5B R SRR bRYE 50, ©

var i OU?]T&WEBBFE(Mct% H;x@ﬂu&es@ﬁﬁ’q;?ﬁtfi@&n&ﬂ‘ﬂ(—VL-EﬁﬂPgé@aﬂdégﬁwg , hand fl ow
into the assay station(s) via.channels. Upon_re- ration in .the assay

st at i orfluorseenrapreierd sHRRIHEY -Téﬁ%qcﬁ‘éwdéhﬁﬁﬁl“@ﬁmﬁah q‘??‘ipff’éﬁegé’r‘?tﬂn%orrpet itive
react | GRe St urdtolB &8 AA0R HEP. 031G ARG/ 20219028 kg, unl abel ed

antigen. npetition wth unl abel™ed antigen releases the OG 514 | abel ed
anticbo @00 Mapd8(5)BedF@escence i s detected at about 52g-530nrn. [00219]
Exanpl e 2: Doubl e sandwi ch anti body FRET [ 00220] Two nonocl onal anti bodi es
di r ect geD226hiTis tpRratesrend owefheds ofithapressint iopatonofiay s i€DAilized folsandighi n wer e
utilized., One of

(PE) " TSt SRACHIR BBy BheHop Ay b tfndE 1 KRR
when emhi_lﬁ{ﬂrwassL &8 Nfegiasoncdf andcptidnbyihe dibtbraition oﬂaﬁdid:ﬁeﬁl_ﬁdg{opmm only 10%
.
e =

suclP ago 48 YR8t YeRlar g@gﬁgg B1&an8R60) . Reference: Gswald B. et, at,
Anal yti (g,al Bi ochem stry 280, 272-277 (20g0). 15 [00222] Exanpl e3:

R - ' i . i i j¢ s j i db
e assﬁfg‘b%ﬂ't %h%% g%%gﬁg?ér&@%dﬁﬁ{ae'gg(gﬁ%s bl g%gsz %?ﬂe@@@%ﬁm foeiisvaat ed by a

bri dgi i gen en sandw c | Reconbi nant anti body

ant i - HEthaptddrpresgdlubsesealymetpinEGGHarfor dxamyly, mtvaditherbgtyophilired in a8y chain (\ L)
were | abel e il b DLm t . ' ' ,
s pechroRT g iR N RACH N Sl flioly HRE REELILERLERAIBR AL,
associ piotedmnwith dnifaREet bhiz(ubresceat prbein (EBFPEs attodwed ingo thalagmay st4idmend i n t he
resence o ntigen, the .V nd interactions. stabjli nd. hence FRET
gc Shir r _ughﬁ@ené}@@gpstaé 8esgxgbe§§:§ Ohem\gf%tieﬁfﬁr?tﬁe A" accsil(% F;%tgrgées Fﬁﬁ?ﬁgﬂ\ﬂ% )ﬁo rescence
at 520¢Mpﬁ]§}dﬂi@$dﬁ&ﬁi{)ﬁﬁﬁ&od§,aﬁﬁﬁvﬂﬂhﬂﬁrﬁ, observed when an increasing
anmount of :

[60228] 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 at.

| [00230} For example, toxological assays may be conducted according to the teachings of the
present invention. Syﬁtheﬁc small molecules from combinatorial chemical, or peptide library,
~ aptamer Hbrary, eto, are pre-loaded into the assay stations. The assay stations have conducted
thereto particular cell type of interest, which may have been recovered from a sample preparation
0 portion of the chip (if so provided), or from tissue culture, growth media. A fluorescent vital dye
may also be provided. After a few days observation with microscopy will reveal if cells exposed
to the provided pre-loaded components wndergo cell death remain alive or are otherwise affected

by the pre-loaded assay components that had been provided in thie assay stations.
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HEL (antigen) was added to the. mxture in the concentration 0
m crograns/ m. Reference: Ueda Het. al., Biotechniques 19992%2@‘;%|r8f1 2068
27(4):738-42. 25 [002241 A nodification of the above nethod nay be utilized
as foll oyggedif3shead of labeling with fluorescent dyes mumdGoasn2fi uorescein
and rhodam ne, chinmeric protein of VH- R uc (Renilla luciferase) and

VL- EYFP (Enhance Yell ow fl uorescence Protein) is constructed. In the
presence of R uc's substrate coel enterazine, chem | um scence with em ssion
of light (475nm is observed, but no BRET (Biolum nescence fluorescent
energy [0023Kf Borjrigscrsing,ells capboesgincered to qxpipss bppagdargetd ke tgstedidut  4C and

in the presence, of antigen.{l:EL t he,.VH. - ] ' :

st abi | i ,‘WEWE@C@%Eﬁe%Eﬂ#?W%%& 0’??‘88’?%5 %{{émﬂoé@ép |és get%{gﬁf&e%gt at
525nm ﬂﬁiﬁé&éﬁ?ﬁ&ém %a'uzepﬁ, E¥FP). 2issochiah ordras lieking 8D@deprethor pratgiog | ) : 77- 81.
-50 24 March 2006 03/ 035229 PCT/ SGD2 O_OEigé.n 5%0(922 Yet .anot her

modi f i cwith demeeivasies tortheis subyaispgecred bysynthgie Sgand inting SRaLROIERYEPT ng wi t h

fl uoresc ] ' RAE car AkOFIQAQX bétadlr X)

fusi on gﬁ%@ﬁ%ﬁﬁpﬁsﬁkﬁhﬁ?&c%gﬁ@ﬁﬁ%&%ﬂaﬁg%ﬁ%ug fl u%?lescent a-%r ot ei n)
and 13T XedkplEETRtior ohihomug feenahplaoCeneseralipvpioiohhomedimenved Plict ed.  Trx

I ncreased the solubility,of. the.expr | u in the
presenc t?i'f"g}fnr‘?ﬂmgr?f ?’J@kﬁyqqgﬁlt pm%e éor?n %%Z’?g%%ﬁggﬁg’t@ﬁﬁl&%&b%%ﬁ%%ng. 1 0

2000 Mayts 1363 )kiaR0s ddrealAFRET sTial. appar at us and net hods of the present
I nvention may al'so be utilized to conduct proteom c studies/assays.

Pr ot ei Nppps$2) etk shidll Sodshiicd iy aiffusé Mcelladipenbghanths denficl streted. at | ng
cel lul ar process, e. % , regulatjon of transcri gt [ % bY th i ne;eaz&j on of
basi c hHeriog. thugelpreteinidges nobpgedyo be afEkars BPtelgs bPLean F a0 infiagepar BIOfI 08 ¢

Epi der s i { Rmod Rz B the freagcdimlicogria@idener at e
cel ﬁl gg‘lz?i%grh%?#, g‘émé‘gg%f%&g[ﬁ’gozzn Ut izl I Zi ng@t h?a aﬂp;ggjar at us, candi date

pr ot ei nfer atampRr.eys' expressed as fusion proteins with enhanced green
fluorescent protein (EGFP) , for exanple, may either be |yophi I.Lzed in
assay [90283)riEhecmall mindatulles, ligands aptomierogfe mayibe detieedfioang coaptichan §bmafhe t ar get
or "bait' .expressed as_ fusi ' WA cagl bidia hd ek escent

pr ot ei PP e???@?%edhéégpﬁt%%g%ﬁg&é&%%d@%2@?0%% 20 through the

channel gogslizes Celisepginedred eith Pringeirpet proxtiefused tnigesea diprssreaiarotoinl €EPFRET

oo s e ther e e igto (s ey AR 36 LR 35 aRSdeWAe! e art
culture media. Incubation of the cells with the potential drug at about 37C, for example, may
trigger protein-protein interaction resulting in FRET, or disruption of protein interaction would

decrease FRET.

[00234] Drug screening applications according to the invention may utilize cell based and/or

25  protein assays. Such screening applications may utilize the infroduction 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

36 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

5.



[ 00229). The present invention may also be utilized in drug ssf, j
t oxi col ogi cal assay applications. Nunmerous nethods for drug g4ﬁg@“§ﬁd§@66

based on FRET, and other detection. 25 nmethods nay be utilized as known to
those of yasghagey skill in the art. [00230) For exanplm1/dcezei2egi cal assays
may be conducted. according to the teachings. of the present invention.
Synthetic small nol ecul es from conbinatorial chem cal, or peptide library,
aptanmer library, etc, are pre-loaded into the assay stations. The assay
stati ons have conducted thereto particular cell type of interest, which
may savietdogad commenentatiod afsayvin ssodwrmpl emplilispiaoneassayh &Wﬁﬁwlw 28588 chip (if

so provided or, fromtissue. cul ¢ £ | vital dye
ay ol SoBRales bRy by BT ety e bl B e A BRRER L
reveal iNTHzRld ificoRyRas®hkio PCR Eﬁﬂu@,rfblvéxd@pie,mh&ak pegeidebiricssend dectmaster go cel |
death remain alive or_ are_ ot ermnse,gn%gcted by é?ﬁfﬁéfﬁlgéﬂgg ssay
conpondheiseffasban the denslasraton o0 Hett arrlisd fafae a5sayARHop 40 Ipyee the AT ch 2006
WO 03/Q ' : drug screening, cells can be
engineé%gggggﬁgﬁ%éﬁg§E%%§§%¥§g&$§%§%¥ﬂ§§ﬁbe tested e.g. nmulti-subunit

r ecept t.er od) | %lNG: §§?gﬂ A I ' bdiREnts.fOBed W th

di f]‘faﬂgr Z[R?Z 3Ef I %rlg‘!éeggg% E%?l g‘{”’g’{eﬁ‘{] . g eﬁgﬁ&ééf&%%{d%ghﬁb@ § %gﬂba??o%ts or cross

| i nki ngnthbdinens pildbe amparept to tlaise ¢f ordingry skill énthe byt asview of Bleferegoings ubuni t s

triggered by synthetic Li -bi ndi..n | ol I i , brings
e P ubraatent ot raiey g pltiiar v fEfd it ARGl oy SR imbadte, 1 UOR
gal 1o LOHPARITRAE Alliseipetqibdlemecur, for exanple. Conversely, disruption of
honodi nmeri zed or heterodinerized or nulti subunit protein conplex by
synthetic |igands, small nolecule, aptamer, etc, could trigger a decrease
"in FRET signal. [00232] The small nolecules may diffuse into cells
dependi ng on the chem cal structure. Hence, target protein does not need
to be a surface proteins, but can be an intracellular protein or is
receptor, such as glucocorticoid receptor, that honodinerize 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 |yophilized. 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. Incubation 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
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decrease FRET. (002341 Drug screening applications according
“invention may utilize cell based and/or 25 protein assays. S?c%hk@spge%pﬂg

applications may utilize the introduction of at |east one of a popul ation
of wil d-t‘y@&,&gzbs and a popul ation of cells expressi ngrpsdeassbi nant

nol ecul e, Tor exanple, into said at | east 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 nmake
use of fluorescent quenching whereby a probe is | abeled with both quencher
and dondwe Cldn@: pr obe, when hybridized to anplified DNA fragnents, is
digested by the 5 to 3' exonuclease activity of Taq pol ynerase extendi ng

downstream fragm tmﬁappérhtﬂ‘ﬁéhardd@ﬁfeﬂhﬂﬁﬁﬂkﬁﬁhara‘ﬂfs cbRprigek.obe, separation of
donor from quencher.leads to a detectable’increase in fluorescence signal

from the donor dyQuhsiat BhdiREitNdast HEAGT sidbncan potentially be used in
conjunction with -52 24 March 2006 WO 03/ 035229 PCT/ SG2/ 00251 - 5 bet a- gal

conpl enent ati on gﬁéﬁg L&t oBuher Rl bl j ASSAY
exenpl ary assay %ﬁmsth 8‘18 égy tI%at&BnégﬁgglﬂL?Hpﬁ?ézdg%enc ud@ga Iuosrgg@gence
pol ar i zavlidpurpost elene vomsin said atilsas Soesssay stivPbeing stuated oy pposdiosd i nt o PCR

product . for .e le, a s.aresult.tunble | ess and.decrease .their

o relft atepiea i poSRrER 3rCoR oot SorPh R B 0L 805 eetsh 26

rd1avi ng E}heevﬁﬁfewht[ ersiniasid ﬁ;ﬂﬂdﬁﬁpﬂfpﬁﬁﬁ élﬁirllnephﬂdtlléﬁst blhteaheia:ateﬁm (;;Smiiﬁﬁﬁlﬁe Pt |y
etected. j 0 [00236 e j nvention has now been explained with reference
to specF‘F‘?db‘cté}%g&is Fgf“dé‘qﬁgﬁmu%fﬁbodi ments will be apparent to those of
ordinary skill in the.art i:n_view of the foregoing . . description. It is not
i ntended t hat t hPidedshRpssereln fiid mletin compnieation with spid gt leat B8t by t he appended
clai ns gpg; kd cilathdi: :8g0pe equival ents. 24 March 2006 WO 03/ 035229

PCT/ SG02/ 00251 5 We Claim 1) An apparatus characterized in that the
appagat us Conpri st ord isdieh-hidlifind WA RoRhubfARh GRS BYst HALAPLN; an
arrangenment of at least one first nultipurpose channels and at | east one
second sesond mpltippyess chirmplsciaidehlsasiione seaondl multijnupese chanseldowing atdeast ésn bei ng

Situat e&ai‘a@te%s‘tﬁ)co c;nzgogghcivc to conduction of said sample fluid.

2) The apparatus according to claim 1, characterized in that said fluid communication
20  isvia at least first and second éssay station channels in communication with said first and second

multipm’pose channels.

3)' "The apparatus according to claim 1 or claiin 2, characterized in that said first
multipurpose channel characteristic conducive to conduction of said sample fluid comprises at
25  least one of internal surface characteristic and/or shape characteristic and said at least one second
multipurpose channel characteristic that is non-conducive to conduction of said sample fluid

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

4) The apparatus according to any one of claims 1 to 3, characterized in that the

30  apparatus further comprises a sealing layer sealing at least one assay station.
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10 interrnedi ate between said first and second nul ti purpose ch f
fluid conmunication therewith, wherein said first nmulti purpoggﬂazﬁﬁgb gs
at | east one characteristic conducive to conduction of a sanple fluid

t her et hr %t?&i/ﬂs?ﬁ%' east one sanple fluid inlet in commurdTEsOR/AN5W t h said at
| east firs mul ti purpose channel; and 15 at | east one isolation-nmedi um
inlet in communication with said at least first and second mnulti purpose
channel s, said at | east one second mnultipurpose channel having at |east one
characteristic non-conducive to conduction of said sanple fluid. 2) The
apparsat us accal diThg apparadsacddrding ©iany and efclaed] iod, thuedctesiacdinftha it

communi cation 20 is via at |east firsy and fec nd .a ﬁ]é st ation channel s
in conmirtemak sugAceAlssd S5t multippmpseshannekRegRYs QW}‘%PP&J&%‘ B ORafkl s. 3)

" The appat . i claim | or claim?2, characterized in that said
first %%u@%g%%%glggﬁ%g%%ﬁgnc egirugﬁét eristic conducive to conduction of said.
sanple fluid conprises at. 25 |l east one of internal surface characteristic
and/ or shape characteristic and said at | east one- second rmultipurpose
channel characterdstic th I - ve felolalBTaA R id sanpl e
fluid conpri (éés@?a?pﬁé%%%cﬁéﬁrﬁ%ﬁyﬁ%%#gm fs{t‘}rs?ace %%rbﬁlggﬁaéﬁgll or shape
char@ct ektbiakli seffaced) sdild eccomimultipurposa channeli pegnitscheafloywtbmougtod! at leastrose pf t 0 3,
characterized, in that the 30 apparatus further conprises a sealing |ayer
seal i nga%itor%’éggu%@e@%ay station. -54 24 March 2006 WD 03/ 035229

PCT/ S&02/ 00251 5 5) The apparatus according to any one of clains 1 to 4,
characterized in that the internal surface of said first nultipurpose

channel permts flowthrough of at |east ope of sanpl.e f.l ui air and an
i sol at i on- medi7umIb& 3PP AFFTEHE @@%M&F‘Hﬁs }t\?%aﬁwagﬁ Z‘?Simﬁ‘agf" t?to 5,
char act eri2edr Lfy LAt stdidf, trst Gl hu@sod@bhatiikl bATRCAH nafishrsee osnelakd | pur pose
channel “permts thefl owthrough ‘'of at | east one of air or an

i soliat i Gormed i thersubRiratd kager. appar at us according to any one of clains Ito 6,
characterized in that at |east a portion of said assay station, first

mul ti purpose channel and second mul ti purpose channel are 15 formed in the

substrate | ayer. .
8) The apparatus according to claim 4 or any one of claims 5 to 7 when appended to

claim 4, characterized in that at least a portion of at least one of said assay station, first
multiparpose channel and second multipurpose channel is formed in the substrate layer and at
20 least a portion of at least one of said assay station, first multipurpose channel and second

multipurpose is formed in the sealing layer.

9) The apparatus according to claim 2 or any one of claims 3 to 7 when appended to

claim 2, characterized in that said internal surface of said multipurpose channel and a surface of
25  said sccond assay station channel immediately adjacent to the intersection of the second assay
station channel and said second muItipuerose chamnel are non-conducive to conduction of said

sample fluid.

16) The apparatus accofding to claim 2 or any one of claims 3 to 7 when appended to
3¢ claim 2, characterized in that said at least first and second multipurpose channels are in
communication with a plurality of assay stations via the first and second assay station channels,

| respectively, of said phurality of assay stations.
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8) The apparatus according to claim4 or any one of clainms 5 g l?]a‘fﬁﬁrQOOG
appended to claim4, characterized in that at |east a portion of at 1east
one of said assay station, first nultipurpose channel and second

mul ti purgaseyBiannel is formed in the substrate | ayer RAIMPBGALIRY | east a
portion of at |east one of said assay station, first nultipurpose channel
and second nultipurpose is fornmed in the sealing |layer. 9) The apparatus
according to claim?2 or any one of clains 3 to 7 when appended to claim 2,
characterized in that said internal surface of said nultipurpose channel
and & surface of 25 said second assay station channel imedi ately adjacent
to the intersection of the second assay station channel and said second
mul ti pur pose dbprihe kppatatusncwrdiogtiotdind O charewertbod initioat sad pality efzasgsye 1 ui d.

10) The apparatus acgordin | aim 2 any one of. i 3.to 7.when
appended il SoaTrarTp B Bt st St mei o Sl R sag it oG
second mgthidPUERAS Kith RAD BRkpe AKIE shlbiHQUBHEAaRdr@m W th a plurality of assay
stations via the first and second assay station channels, respectively, of
said plurality of assay stations. -55 24 March. 2006 WO 03/ 035229

PCT/ S®2/ 00251 5 11) The apparatus according to claim 10 characterized in
thatygsal d pl uns) irhy oftrofS §88eaid (ol 10 Bhiackiriz 8N A i Sad BRANEST a8day! €aST _one
of sinultaneous” or guenti a i1l ng of said plurali tty_ of "assay stati ons
Wi th saistitiemsmod eranped td peovidatt loest onnefisitewneone pesequentid filts of sed Sipvandht us

according. to glaim 10 charagteri. .1 n that, sahd.. j
stati olnggcgpémgﬂp ﬁ’@%ea&fﬂg‘e%rwo@is éjllsgqt '“qﬂol{alglsetd 1"‘%n%’ Sg%] g%?hﬁaﬁynég&%g'(%@a@%éuenti al

filling of said first and second nulti purpose channels with said isolation
mediumto seal said plurality of assay stations. 13) The appar atus

according to y..one of cl ai to 6, characterdzed in tha i t 15
| east one assilli5 gﬁ%’[‘ﬂpﬁﬁ‘?“ﬁ%w{?‘%g&%%ﬁ?gfgﬁs ];ﬁ’ q éﬁﬁ&eﬁ%ﬁ?gﬁ?ﬁ‘lg%@assay
conp@nedast ohé hssdyQattRas dkpiSedbanindt Rast bhe REYtioAaGaPEongjonttts 1 to 13,
characterized in that sai sanple fluid inlet is in conmunication with a
sanple fluid preparation elenent. 20 15) The apparatus according to claim
14, characterized in that there is further included at |east one of a
sanpl e prepar ﬂfi?ﬁb%&ﬁﬁﬁﬁcc@ﬂﬂzﬁobhﬂene]cﬁblaﬂﬂ RMPAmasriaddotat agl t o any
(o]

one of claims I to 15, characterized in_that there i
sample fluid inlet isim communication with a sample fhind preparation element.

20 15) The apparatus according to claim 14, characterized in that there is further included

at least one of a sample preparation chamber and alid.

16) The apparatus according to any one of claims 1 to 15, characterized in that there is

further included at least one element for controlling fluid ﬂow in at least one of said channels.

25

17) The apparatus according to any one of claims 1 to 16, characterized in that there is

- further included a chamber for introduction of flow-promoting fluid.

18) The apparatus according to claim 17, characterized in that at least one of said
30 chamber or an inlet s in communication with a mixing chamber for mixing said flow-promoting

fluid with said sample fluid.
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further included at | east one elenent for controlling fluid f 1 t
| east one of said channels. 25 17) The apparatus accordi ng tobgwdgﬁg 20906
clainms 1 to 16, characterized in that there is further included a chamber
for intrqeygddsens of flow pronoting fluid. 18) The appar@Gwu28sording to
claim 17, characterized in that at |east one of said 30 chanber or an inlet
is in comrunication with a m xing chanber for m xing said flow pronoting
fluid with said sanple fluid. -56 24 March 2006 WD 03/ 035229 PCT/ S&02/ 00251
5 19) The apparatus according to any one of clains | to 18, characterized
inthat said at |east one assay station conprises at |east one conponent
of an assay reaction pre-|loaded therein. 20) The apparatus according to
claim 19, Chaﬁ@-ﬁqﬁéia?}%ﬁathdhcbdwihgﬁﬁnﬁ ohesfelaian Biall O clmeneamnetit that sddatd assay
reaction at said at |east one assay station provides at |le sggﬂge of

det ect adpast qeaFsey éﬁaﬁ%c%ﬂplﬁﬁﬁé‘ﬁﬁﬁt%‘f (PPN 0 aélla)ssafﬁ"émé‘f?dﬁ?“g’[a F°® ai m 20,
characterized in that there is further included beads having said at | east
one conponent of said assay reaction. 15 22) The apparatus according to
claim19, characterized in that said at | east one conpgonent of said assay
reaction is s@Buibdapuaratus agooiding to-plaimdAechamsgtagized intiploaid leashonehe appar at us
according to cl ai ] f I . pened . 20 to
cl ai th 16" mg%‘epg@sgfi .i]agsggrr?aﬁﬁ%ag?a ?%%le sogllﬁp g}%?%%ﬁé?%ﬁﬂg anber further
conpri selstetable gipditative ot quaddiptikhdataappar at us according to any one of clains |
to 22, characterized in that there is provided an absorbent in

comuni cation with a termnal portion of at |east one of said at |east 25
first and second nul tipurpose channels. 25) The apparatus according to

cl ai m 24, changctThe hFRhtisof tlani 26 ahadacadized indinit e is fimthenieclirled batdsached to

the termnal portion of said at I,sast first and second nul ti purpose
channel davingsaid at least one component of said assay reaction.

15

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

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

23) The apparatus according to claim 15 or any one of claims 16 to 22 when appended
20  toclaim 16, characterized in that said sample preparation chamber further comprises an

absorbent.

24) The apparatus according to any one of claims 1 to 22, characterized in that there is
 provided an absorbent in communication with a terminal portion of at least one of said at least

25  first and second multipurpose channels.

25) The apparatus according to claim 24, characterized in that said absorbent is
removeably attached to the terminal portion of said at least first and second multipurpose

channels.

30
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-57 24 March 2006 WD 03/ 035229 PCT/ SGO2/ 00251 5 26) The appar?uqﬂaqtéﬁoz@@eg
to claim16 or any one of clains 17 to 25 when appended to claim1l
characterized in that said at |east one flow controlling elenent is

di sposed aghReRe sai d sanpl e preparation chanber and BAIE0HI02Pleast first
mul ti purpose channel . 27) The apparatus according to claim 16 or any one of

claims 17 to 25 when appended | o to'claim 16, characterized in that said
at |east one flow controlling elenment is disposed adjacent said at |east
one assay station. 28) The apparatus according to any one of clains. | to

27, char act er pgedhé appatunts asmidingtd claine 46 br anyenaefxdams 1 Atoi23rwlies amﬁﬂﬂﬁiar

d of fl tu 15 20,..29 di
o Pl b o s 1 e b LA SRS ool el e SRR R AP cor i 9
char act gl 26fb1é ebé}éﬁorﬁaahﬁb@fand QRS 1astIRS hubibuifosSdiathe Ieast one first
C

assay statio annel has a cross-sectional area that is |ess than the
cross-sectional area of at least a portion of said at |east second assay
station channel. 30) The apparatus according to claim10 or any one of

claims 11 to 11:1) ; pgﬁggc%fhm 18 Cfﬂ.‘.l?llérbll& oﬁ@@fc@eﬁh@”%@@dfﬂénb d&pi d

first and second ur pose s provide a path by whic sai d

pl ursal i to/claifn W elayacttriatd mrilsat mcbatéﬂaﬂcmdﬂvwaonmlmg ebsmanhis Sisgesed adiagent sol at i on
medi um 2 tﬁﬁ% The a[)),é?ratus according to claiml or any one of clains 2 to
30 when? gﬁ EPeasSaY S8 || characterized in that exposed portions of the
said at least first and second mul ti purpose channels are sealed with a
solid from anbi ent at nosphere adhesively, nechanically, electrically, or

magnetically aft the first second .nul ti.pur,po hannel r illed
with a sanpl e? %Iﬁ"cﬂapgéra%(ﬂ?%ﬁa“%go@o‘?'ﬁﬁ@ﬁmﬁel R’n% Sci nﬁap%%t?sa%uafé f or
anal yzi Rguns SKatfonys frh&lien %fﬁ&@lptomohh@kudcﬁﬁse is provided: _58 24
March 2006 WD 03/ 035229 5 a substrate, said substrate conprising:

13

29) The apparatus according to claim 2 or any one of claims 3 fo 28 when appended to
claim 2, characterized in that said at least a poition of said at least one first assay station channel
has a cross-sectional area that is less than the cross-sectional area of at least a portion of said at

least second assay station channel.

20

30) The apparatus according to claim 10 or any one of claims 11 to 29 when appended
to claim 10, characterized in that said first and second multipurpose channels provide a path by

which said pluratity of assay stations are sealed via the flow through of an isolation medium.

25 31) The apparatus according to claim 1 or any one of claims 2 to 30-when appended to
claim 1, characterized in that exposed portions of the said at least first and second multipurpose
channelé are sealed with a solid from ambient atmosphere adhesively, mechanically, electrically,

' ér magnetically after the first and second multipurpose channels are filled with a sample fluid

and/or an isolation medium.

30

32) An apparatus for analyzing a sample fluid, characterized in that there is provided:
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PCT/ S&02/ 00251 a sanpl e preparation chanber for renoval of un }
conponents froma sanple fluid; a sanple fluid inlet fluidi ca%%ﬁ& %gotso
said sanpl e preparation chanber; a chanber or inlet for receiving a

fl ow pr oRgd ba@sfhui d; 10 a flow control ling el enent forCRGRAEST i ng fl ow of
a sanple fluid fromsaid sanple preparation chanber to said chanber or
inlet for receiving a flow pronoting fluid; at |least one first nulti

pur pose channel fluidically coupled to said chanber; at |east one assay
station; said first multi purpose channel in conmunication to said at |east
one assay st ati om;substatepsaiisobatdtelcbmprigogmt rol | i ng el ement for isolating and
permtting flow of a fluid from said chanber to said at | east one assay
station; and a fiarsshpledspitatiinahbmber dfraameval otadgiredicdniponaitsifrai alsemple one
assay statjon. 33) The apparatus according to claim 32, characterized in

t hat saiﬂdlu‘lé:arrpl e preparation 20 chanber conprises a sintered glass bl ock
whi ch seals at |east a portion of said_sanple preparatjon chanber. 34) The
appar at us accor difenpls Seidinleh hdieally saupled g saié sammlomeparatiop sBAMYSH ¢ | ons of
said at least first nultipurpose channel is sealed with a solid from

ambi ent  at nos pher&hamahes 81 iplet fpr repdfving 8 Hawrrremeting fjdact ri cal |y, or
magnetically after the first multipurpose channel is filled with sanple

fluil® and/ or an péewaehipnlingetinent fopsinirplimgdlopnf a saeplafeid divmygid woplai m 33,
h i i i 1 d gl bl ock
char act §1Eeg|§r§fgod& Bk, d agga%gxbog%e Ce?éﬁn%?ﬂoﬁ%_&oq%pgﬁg?g{ £d g ass bl oc

for abs sal d undesir ndesire nponent >24 March 2006 WO

03/ 035229 PCT/ SC?ﬁéégpgngjﬁréq%@ﬁ&ggsegg%ﬁgl%ﬁ%@ﬁ&{ fgdqgsgi?c@g]ég ne of clains

32 to 35, characterize n I'ng eal's™a one of said
filtration chanbetr a ggaena‘rs)er afi rst multipurpose channel, assay station,
and first assay %r‘}%ﬁné}. Sgﬁt U apparatus according to any one of clains

32 to 36, characterjzed j.n that , there 10 is further inc]uded a dj.aphragm
ahi ch seal o1 at TELGECRGpinE el 5 cohpphEeldhih 15 HIRSLI A el R
15 a second flow controlling element for isolating and permitting flow of a fluid from

said chamber to said at least one assay station; and

a first assay station.channel, coupled to said at least one assay station.

33) The apparatus according to claim 32, characterized in that said sample preparation
20 chamber comprises a sintered glass block which seals at least a portion of said sample

preparation chamber.

34) The apparatus according to claim 32 or 33, characterized in that portions of said at
least first multipurpose channel is sealed with a solid from ambient atmosphere adhesively,
25  mechanically, electrically, or magnetically after the first multipurpose channel is filled with

“sample fluid and/or an isolation medium.

35) The apparatus according to claim 33, characterized in that an absorbent adheres to

said sintered glass block for absorbing said undesired undesired components.

- 30
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environment; and a vibrating actuator for vibrating said diaphragm thereby
agitating a lysing buffer. 38) The apparatus according to any,gng, of ,claj
32 to 37, characterized in that said 15 substrate conprises alZ%I @!?gpho#u@bgf
(a) glass, (b) plastic, (c) elastoner, (d) a conposite, (e) silicon and
(f) met alwo89issithe apparatus according to claim38, char@sieniged in that
sai d el asoner conprises poly-dinethylsiloxane. 20 40) A nethod for
conducting reactions on a substrate characterized in that said substrate
conprises at |east one assay station, an arrangenent of at |east first and
second nultipurpose channels wherein said at | east one assay station being
situated i n a siheiapprratigrceordipg tceiny dpe bfiwbams $2iod 5f dhasictesinel is dewad

mul ti pur I in f.luwd co icatiqn 25 therewith, and wherein
cai d FireRo AP A o8 10 S s W En SR R bl B P eRope oSkl

conduci vassdyatatiomdue fitsomsaf chanmghnpl e sol ution therethrough, at |east one
sanple fluid receiving area in communication with said at |east first

mul ti purpose channel, at |east one isolation- nmediuminlet in comunication
with said at |east first and second nultipurpose channels, said |east one

second mul ti pa7PIBeaanRetooRii Bdnfbnd E3phmos 1o B6 SRk R AL ' O

non- conduci ve 30 to conduction of said e solution, sal

conp?i sihigrtheinchyded A giaghragmmhichfspals. af leasin postituaif sjd fltstioptianfbetbieh tie: at

| east oRfyivAMRhEd! €t: -60 24 March 2006 WO 03/ 035229 PCT/ S@2/ 00251 5
filling sald at [ east one assay station via said at |least one nultipurpose

channel ; al | gyhpnge L SOL.8% 1 QN %ﬁury}df .omsaid at |east ope i g&ation medi um
port to flow into g? (]easf?p"slg;? &3 s‘{mprl?{ﬁgﬁ b&g@gﬁmﬁﬂwg% - runni ng at
| east one reaction at said at | east one assay station, said reaction

providing at | east one of qualitative or quantitative data relating to said

sanpl e fluid. The net hod _ accordi to.claim40, characterized in
that there i sﬂ%ur i %h F amtﬁ%?cﬁgfgalg 9 Wn?’}?é’?g'% ?élm e sRaracierized uibatisgid under
t enpier atubstestcamiprisés. at least one of (a) glass, (b) plastic, (c) elastomer, (d) a composite, (&) silicon

and (f) metal.

39) The apparatus according to claim 38, characterized in that said elasomer comprises

poly-dimethylsiloxane.
20

40) A method for condubt:ing reactions on a substrate characterized in that said
substrate comprises at least one assay station, an arrangement of at least first and second
muliipurpose channels wherein said at least one.assay station being situated in a position
intermediate between said first and second multipurpose channels and in fluid communication

- 25 . therewith, and wherein said first multipurpose channel has internal surface characteristics
- conducive fo conduction of a sample solution therethrough, at least one sample fluid receiving
area in comumunication with said at least first multipurpose channel, at least one isola;tion—
medium inlet in communication with said at least first and second multipurpose channels, said
least one second multipﬁrpose channel having at least an internal surface portion non-conducive

30, to conduction of said sample solution, said method comprising:
obtaining a sample fluid;

introducing a sample fluid to at least one sample inlet:
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42) The nethod according to claim40 or 41, characterized in that there is
further 15 included the step of obtaining said sanple fluid rom?j_ Haié
sanple. 43) The nethod according. to claim42, characterized t pe
is further included the step of subjecting said test. sanple to at | east
one prepavabinsgnoperati on. 20 44) The net hod accor di ngpd@sdaubaizg 43,
characterized in that there is further included performng said at |east
one preparative operation separately fromsaid substrate. 45) The net hod
according to claim43, characterized in that there is further included
performng said at | east one preparative operation at at |east one of upon
or Wkt hin said sfithiag s#d & lea@Boné asaif kietionetidsabl 2t teasi odé myltiporpasechamel;of cl ai ns
40 to 45, characterized in that said at- |east one of qualitative or
quantitative datglgwisMbsifnatedi®afbmand ablkastorkadolition fekilvincporf tb dloenet ri ¢ or
| um nescent result. 24 March 2006 WD 03/035229 PCT/ SG02/ 00251 5 47) The
met hod #Héeddensigidfgstaminymoseehappeliapd 43 to 46, characterized in that said
at | east one preparative operation provides nuclei ¢ acids susceptible for
use in said at |®ewBinggienst eneaeactirnat saig pt askonensRy saliers sHidifeAeioto any one of
cl ai s ] I : or L0 St ond i ncl uded the
step of é ’g?’itéi% é.?lneaﬁ gﬁé@?{th%%gn g%gg%ﬁ&%g%ﬁegﬂh@gr%gﬁen i Pﬁ{db said at | east
one_ assay station. 49) The nethod according to any one of clains 40 to 48,
chatbcterized in that said step of running said at |east one reaction
conprises nucl.eif acid aml ificati-on, . Th - ) to any
one of cl ai rrsiljoﬁfeém ,d ERAr S Oectrhlmglerhg ’ %%a?%%%eg?ﬁ%@%}ggs f?lﬁ(ﬁe?%rg#da?%cl uded
obt ai ni Agnisgbad atledsbakreadtieh widepbérhtate costrddr quantitative data utilizing
fluorescence. 20 51) The method according to claimb50, characterized in
that said fluorescence is provided by at |east one of binding of a

fl uorophore or hybridization of fluorophore containing probe. 52) The

met hod accor dizygrteQnetitd aBddeding totdiain® of 91, tchardferizedimrtha tiexd B éeithen t hat sai d

25 qualjitative or quantitatjve data,ifsr obt ai ned via probe | abeled with at
| eatl oneludsd the sien ofosiminesaid sample fluid from 2 fest sample.

43} The method according to claim 42, characterized in that there is further included

the step of subjecting said test sample to at least one preparative operation.

20 44) The method according to claim 43, characterized in that there is further included

performing said at least one preparative operation separately from said substrate,

45) The method according to claim 43, characterized in that there is further included

performing said at Ieast one preparative operation at at least one of upon or within said substrate.
25

46) The method according to any one of claims 40 to 45, characterized in that said at
Jeast one of qualitative or quantitative data provides at least one of a colorimetric, flurometric or

luminescent result.
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enzyme or conponent of a binding conplex. 53) The nethod according to any
one of clainms 40 to 52, characterized in that there is furthgr {ncl

the step of displacing said sanple fluid via isol ation-nedi un?%rgﬁdgdos
March 2006 WO 03/ 035229 PCT/ S@2/ 00251 5 54) The nethod according to claim
52, charagdendizzad in that there is further included irdwsEdNci260
sequentially said isolation-nmediuminto said at |least first and second

mul ti purpose channels. 55) The method according to claimb53, characterized
in that said isolation nediumis | a first introduced into said at |east
first multipurpose channel followed by introduction into said at | east
second nul ti pufPosee wefherhascordisg Yo siyeneef daits 43 wol6liHagactetizal ia s sddlator 55,
char act egj i id introducti.on.of isglafion mediumprovides the
U g1 g p St iRpitl B! S BEGRE R e hIC oo 0 TR HAPSHORS 15t he
purgi ng chetemi d sanple fluid fromsaid at. least first nultipurpose
channel, resulting in the isolation of said at |east one assay station
containing said sanple fluid.. 57) The nethod according to claim49 or any
one of clainms 50 to 56 when appended to claim50, characterized in that
there is furt THeGhatgdRaGcd i i . Q 20 assay
station- _to i,mdi ation. 5.8@?1%{3%%%60 %@@%‘%"ﬁg’ c?%% gtﬁl?/geg?]%th%{kﬁ%rfeéﬁ nms 40
to 5% chhedichided the step of disnosing et least ene dssayrévetioni cotiponientintdwidsdt dnastafneat

| east ongsRsg@h i di fying, curing. and polynmerizing said isolation nedium
25 59) The nmet hod according to any one of clainms 40 to 58, characterized in
t hat exposed portions of the said at |east first and second mnul ti purpose
channel s are sealed with a solid from anbi ent atnosphere adhesively,

mechani cal |y, kcal | fter the first an econd _mul tipurpose
channel s are fi ﬂ Fgg&%ﬁgxﬁg%gﬁ%qggo LT © Hﬂ%r‘}toit%‘%gﬁﬁ‘?fé‘fﬁe‘?%@}q}h@t sgid s&J) The
met hod a&f oeniigsgd tdleasnyneatmtion cobhiseEmdRicta6id ahplishmoact eri zed in that there

is further included heating said fluid sanple prior to filling said at
| eadt one assay station. -63

50) The method according to any one of claims 40 to 49, characterized in that there is
further included obtaining said at least one of qualitative or quantitative data utilizing

fluorescence.

20 51) The method according to claim 50, characterized in that said fluorescence is

provided by at least one of binding of a flucrophore or hybridization of fluorophore containing
- probe,

52) The method according to any one of claims 40 to 46, characterized in that said
25  qualitative or quantitative data is obtained via probe labeled with at least one of a fluorophore, an

enzyme or component of a binding complex.

53) The method according to any one of claims 40 to 52, characterized in that there is

further included the step of displacing said sample fluid via jsolation-medium.

30
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24 March 2006 WO 03/035229 PCT/ SG&02/00251 5 61) The nethod according to
claim43 or any one of clains 44 to 60 when appended to clai p44
characterized in that the step of obtaining said sanple flui dE]ﬂthszZQQG
| east one preparative operation in a sanple preparation chanber,

conpri si ngo adozk@ast one of exposing said test sanpl e g@yscobyRENg buffer,
elution buffer and a washing buffer, in order to obtain said sanple | o
fluid. 62) The nethod according to claim®6l, characterized in that there is
further included adding a flow pronoting fluid to said sanmple fluid. 15
63) The method according to claim61 or 62, characterized in that said at

| east’ one pr efhrde mehod peprkinedn claiin 62 sheciwirediphat dherads Surthet ingluded f ur t her
conpri sis § LAk j ' ka i.n_erder, to. .pronote the
entry of Mioduife oty B8 sl dihuodhith g URFH Al ot o Sl BTG

sanpl e, chomelster into said sanple fluid. 20 64) The nethod according to
claim 63, characterized in that said step of agitating said substrate is
performed by agitating said substrate at the resonant frequency of at |east
one of said substrate and the sanple fluid contained in said sanple
preparation clisiiiBe melb] acttrdinges Elgich 55; chabitiged i ik HidsOBtoRah@ater i zed in
that said agitating step is 25- performed by agitating electro-nagnetically
magrdt i ér%@gfaéuqeﬁ lrg%lﬁ%de L dooeh sty nase élwn@qiécr}%@pd by gifrodusgionithei atc cor di ng
to any ;Haﬁsggonghﬂﬁﬁgg§ghgmﬁﬁ, characterized in that there is further

i ncluded heating said elution buffer contained in said filtration chanber
to generate a thernmal-gradient induced convection flow, and causing nore
nucl ei ¢ acid nol ecul.es to enter into 30 solution. 24 March 2006 WO

03/ 035229 PCT; gg@# ; T or.ci 0.cl-aim66,.

characteri zedédﬁ%\tgt t 8‘?) é@%%%ﬁgé Hf%é%agaéfggé&g#@ﬁs ‘fmga%r‘:ﬁaﬂ of

sur f act aeletianonediind pedvides thia prginger aic fromashidetlehs s@aidimsltipibescrbapal atli on
chanber . ho ceordi n l.aim 42 or a one of, clajns 43 to 67
ot e Rikink O <H1F LS. ASE LRI of Bof bB Mot Snhee WMl Festling bt & 1 o o

| east ocisdlativh dfesid geleist 6k, asdly gRE6EGnAREnglQid dadupRR bef ore injection into
said sanple introduction inlet. '

57) The method according to claim 49 or any one of claims 50 to 56 when appended to
claim 50, characterized in that there is further included the step of exposing said at Jeast one

20  assay station to irradiation.

58) The method according to any one of claims 40 to 57, characterized in that there is
further included the step of at least one of solidifying, curing.and polymerizing said isolation

medium.
25
~59) The method according to any one of claims 40 to 58, characierized in that exposed
portions of the said at least first and second multipurpose channels are sealed with a solid from |
ambient atmosphere adhesively, mechanically, or magnetically after the first and second
multipurpose channels are filled with sample fluid and/or isolation medium.
30

60) The method according 1o any one of claims 40 to 59, characterized in that there is

further included heating said fluid sample prior to filling said at least one assay station.
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69) An apparatus for. sanple fluid analysis characterized in that the
apparatus conprises: a substrate, said substrate conprising #g_ﬁ]saggé
preparation chanber and fluidically coupled chanber or inlet R @pﬁg
a flowpronoting fluid; a test sanple introduction inlet fluidically
coupl ed twop sxisskz¢anpl e preparati on chanber; at |east omE/dusthes:
introduction inlet fluidically coupled to at | east one of said 20 sanple
preparation chanmber and chanber or inlet for receiving a fl ow pronoting.
fluid; a first nultipurpose channel fluidically coupled to said sanple
preparation chanber or chanber or inlet for receiving a flow pronoting
fluid; an assay station; an arrangenent of at |least first and second

mul ti purpose channels wherein said at 25 | east one assay station_being

situated in ab}oBhiemethodiaprordingteicledia 43 o anyrone pigleime 4AA 0 whan appendsd taveen

said firnst an econd, - ' Al control
el enent CI?J’onrﬂC gl}]a?arcgq%lzigdn‘g“{af ‘ll].lllg g{ eﬁ ?%%t@&%%@ag{l §aimé3 gesi%&cgﬁ)gfug%l\gge%%}%ﬂ’g anpl e
]P|r e_pgr aﬁrb@mtiéz’e aphrefondng smffpwmepaéﬂfonic}m&}ber,fcompﬁﬁmt \easigpne of ¢xposipg sm::bt ing

uid to sai assay station; at | east, .one_assay ,.stati an chann
f1uidi cfa%fﬁwﬂsm’za‘z% S"fge&ieﬁlﬁagga@“sﬂf%?i“’&fhm& ©h 1 R IR OVEHE £035229
PCT{OSCIEgg)pZSl 5 70) The apparatus according to claim®69, characterized in
that sald fluid conmunication is via at |east first and second assay
station channels in communication with said first and second nulti purpose
channel s. 71) The apparatus according to claim69 or 70, characterized in
that said fildy¥ ol Yot Aech 8 lclaftf BP/ dhiBStefed ithARGe BleaaRr blcR@Kg Whi ch
seals at least’a portion o ald a sanpl'e preparation chanber. 72) The
appar atadding e flowdirorgoting finkdetp meid Gampérllvidet eri zed in that an absorbent adheres
to said sintered glass block for filtering white blood cells through said
sintered glass block. 15 73)- The apparatus according to claim 70 or clains
71 to 72 when appended to claim

15 63) The method according to claim 61 or 62, characterized in that said at least one

preparative operation is conducted upon said substrate, further comprising the step of agitating
said substrate in order to prorhote the entry of nucleic acids, contained in a nucleic acid

containing test sampile, to enter into said sample fluid.

20 64) The method according to claim 63, characterized in that said step of agitating said
substrate is performed by agitating said substrate at the resonant frequency of af least one of said

" substrate and the sample fluid contained in said sample preparation chamber.

65) The method according to claim 63, characterized in that said agitating step is
25 performed by agitating electro-magnetically magnetic beads in said sample preparation chamber.

66) The method aceording to any one of claims 63 to 65, characterized in that there is
further included heating said elution buffer contained in said filiration chamber to generate a

thermal-gradient induced convection flow, and causing more mucleic acid molecules to enter into

30 solution.
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70, characterized in that a sealing | ayer seals at |east one said first

mul ti purpose channel, assay station, and first assay statioR  channel
74) The apparatus according to any one of clains 69 to 73, chgﬁalgﬁépﬁz%gaen

that there 1is further included a diaphragmwhich seals at |east a portion
of said aveammpbrepreparation chanber and a vibrating mmvscatensf or

vi brating said diaphragm 75) The apparatus according to any one of clains
69 to 74, characterized in that said 25 substrate conprises at |east one of
(a) glass, (b) plastic, (c) elastoner, (d) a conposite, (e) silicon and

(f) metal. 76) The apparatus according,to claim:75, ch terized.in th
sai & el ast omér) %Wﬁgg aopling o Giaﬁ’ééﬁ?ﬁﬂfﬁﬁ?i?l?g‘ﬁ]gth%&eg%%%e‘e g " 11

step of adding surfactant to said elution buffer contained in said sample preparation chamber.

~ 68) The method according to claim 42 or any one of claims 43 to 67 when appended to
claim 42, characterized in that said test sample is at least one of homogenized, digested and

10 filtered before injection into said sample infroduction inlet,

69) An apparatus for.sample fluid analysis characterized in that the apparatus
COMprises:
a substrate, said substrate comprising
15 a sample preparation chamber and fluidically coupled chamber or inlet for
receiving 2 flow-promoting fluid;
a test sample infroduction inlet ﬂuidicaliy coupled to said sample preparation
chamber; '
at least one buffer introduction inlet fluidically coupled to at least one of said
20  sample preparation chamber and chamber or inet for receiving a flow-promoting fluid;
_ a first multipurpose chanmel fluidically coupled to said sample preparation
chamber or chamber or inlet for receiving a flow-promoting fluid;
an assay station;

an arrangement of at least first and second multipurpose channels wherein said at

‘25 least one assay station being situated in a pésition intermediate and in fluid communication
between said first and second multipurpose channels;

at least one flow control element for controlling fluid flow from at least one of said

sample preparation chamber and chamber or inlet for receiving a flow-promoting fluid to said
assay station;

30 at least one assay station channel fluidically coupled to said assay station. .
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70) The apparatus according to claim 69, characterized in that said fluid

communication is via at least first and second assay station channels in communication with said

first and second multipurpose channels.

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

chamber comprises a sintered glass block which seals at least a portion of said a sample

preparation chamber.

72} The apparatus according to claim 70, characterized in that an absorbent adheres to
said sintered glass block for filtering white blood cells through said sintered glass block.

73) The apparatus according to claim 70 or claims 71 to 72 when appended to claim
70, characterized in that a sealing layer seals at least one said first multi purpose channel, assay

station, and first assay station charmel.

74) The apparatus according fo any one of claims 69 to 73, characterized in that there
is further included a diaphragm which seals at least a portion of said a sample preparation
chamber and a vibrating actuator for vibrating said diaphragm.

-~

75) The apparatus according to any ene of clais 69 to 74, characterized in that said

substrate comprises at least one of (a) glass, (b) plastic, (c) elastomer, (d) a composite, (e} silicon

and (f) metal.

76} The apparatus aceording to claim 75, characterized in that said elastomer

comprises poly-dimethylsiloxane.
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