M CROCH P AND METHOD FOR DETECTI NG MOLECULES AND
MOLECULAR | NTERACTI ONS CROSS- REFERENCE TO RELATED
WQ@RPEOGREE ON [ 0001] This application clainms bePef/sG205000112
priority fromU.S. provisional patent application no.
60/558,1 16 filed April 1, 2004 and U.S. provisional

S RUCHE AN HaP %@%@‘mﬁ it QAL ES AupYOLECULAR
herein by reference. FIEL ENTI ON [ 0002] The
present invention relates generally to detection of

part KPR REFE I L R EARE AR BNt ect i ng
nol ecul es and their interactions. BACKGROUND [ 0003]

Det ection_of biopol ecules or their interactions has .
[00); cat i Jhis ApPratiPnBlaIMshenatit apd rricsBnERIMcH)S. provisional

. L I . ek Vel e
oIS S TR, GUBTE ho hka M FERTALAGLY 1 pRidGhal paton
applieatianomo. GH/558,4 18ffiléd April £,2004s tsdomteats of each of which are
| ntera%%“‘)ns.i Bcl ude m crochi ps or biochips with

NGOFRY& SR BY JGIRMENER_st sites thereon. Such devices

are powerful analytical tools because hundreds or

t housands of unique test sites can be anal yzed

Si MR OB THE WVENTION t hroughput. In a typical
conventional mcrochip, target nol ecul es can be

captured and i mmobilized at different spots on the

[Gl})'sﬂga ochi pTharpréeémGhi@mtioneldtes @Bhefltto HetdRioMPdf Mlecules and

to detect different target nol ecldles or the sane

mele e isteraptions, fandanere pagticelarly Yamieeshipscand metkodmior

Apfeetig FadBortEh B heR IEFATREY oot cuopt i car 1y or

el ectrically. Further, bionolecules or bionolecular
i nt eBAGKGROUMY be detected by the enzyme i nmunoassay
(EI'A) or <ed immunosorbent assay (ELISA) techniques,

t | y. hi gh.and i ficity.[0005] Ho Lo
g8 | oREredtiol hipREIEhEs Bet fitbrciphabasappipations in
rr@ﬁ@rmblegiobnah@ PVSLHeRNiCaaRdGtRes T Slahfisieaft Ra8e@R widely used

imrersed in liquid during detection an

for nardicaldiagnestisriwlicatiorsn different test sites can
occur due to .

[0004] Known detection devices of biomolecules and their interactions

include microchips or biochips with arrays of addressable test sites thereon. Such
devices are powerful analytical tools because hundreds or thousands of unique test |
sites can be analyzed simultaneously, with high throughput. In a typical
conventional microchip, target molecules can be captured and immobilized at
different spots on the microchip for detection. Different test sites may be used to
detect different target molecules or the same molecules in different samples.
Various techniques may be used to detect the target molecules. For example, the
target molecules may be detected optically or electrically. Further, biomolecules or
biomolecular interactions may be detected by the enzyme immunoassay (EIA) or

<ed immunosorbent assay (ELISA) techniques, with extremely high

ind specificity.



di ffusion of the nolecules to be detected from one
test site to another. Such crossinterference can | ead
wWo 0005abRe62 or i naccurate detection results. ThePCT/SG2005/000112
nol ecul es to be detected can be either the target
nol ecul es or reaction products which are to be

[Oﬁirg#]g‘:t ed H@%\%E?&i\fg{ﬁn’&%aPﬁﬁ&%@ﬁ@ﬁ%{ug%gg%ﬁ%ih%gwbacks. For

cul es. nown approa

exanpié -ih khewhadeicss theaetbsited resoften intmesddnirig@ikduneg
di stance between different test _sites, to reduce the
detaqtienranst crgssfnferferenoedhetuesmsliderent irgt sitag can agcur due to

aiffistil 686 AofRtleitoliRefthelid fEme sEEHE REBRBINER! Such cross-

chni que easl ity studies o

interferdricarcamuisadd falea af yriarcangiterdetedtioncrels s TS ARYecules to be
base(ﬂﬁon spatial resol uti i)n Jour nal, of

defscleteR bei iter firitaehmgieaiesapiopstian pradupts whieh are to be
deﬂ%}tec?to i %%at% e ﬁ%&%ﬁ?& of the Y% Ef‘m%[e%u'lé(}gor porat ed

ern by refere nthis tection device, each
test site has a working electrode and the di stance
[0006]ween Avknovd) appiroiachltectvoittierosssni2rierenme die o diffusion is to

incEene TS pOce Henver eEEa: (LS ter. i Felyqe ibp Hiamh oh iffusion.
Fof BRafiBleS Wih@ DinPasall 8isesedsa Belit Da8ed Wnithe'EIA electrochemical
certain tine period after introducing the enzyme .

technisier lA-EChine Veasibiily: ktugies ppsivudiangpus midianalyie

ampeRIREH ooy BRey ol S T aon BE R e
Phafmacbuticahard Bismedicabahalyels, (£939)f veldes, p.5158) thakcsftents of

007], An al ternative known approach of optical ELISA )
whigh afeincQIPpERted berei byrreigreageofn this dgiastiopsavicgseash test site

nad ek SNE o th0 SRl bR B Yegtpges o 2
mm.hBhis spatiall sSepatatidnois foumhéo pealestivé fortdvaiding cross-interference
caSd T i et Bt B B TP cerar
timEPehod! fter darsddding B eS2yrRs sub8RARE THAWORE 8L ahproach

a wel | -based mcrochi p does not allow flowthrough
alse hasaanem drawkacksaPnerabiesiis bt opbrasingll numbsercafitest sites
car B (HRTO T AhaCH S RRIhoR e HEEHoRerfeef cdtiiath

eleesod@distdccladgei ces. [0008] Thus, there renmins a need
of inproved devices and nethods for detection of

00BR i) chn BB K ety -8 b BB B ho prowc
an hhayorf omtel testhvidiisinch enib!t8laveitPErdss Snterference caused by
diffusion. However, these well-based microchips have their own limitations. One
problem is that well-density is limited, due to either manufacturing or operation
requirements, so that it is difficult to form high-density test sites. Another problem is
that a well-based microchib does not allow flow-through operation, thus making
automated operation difficult. For example, automated sampling, washing, or

dilution on such a chip may require expensive equipments such as robotic devices.

[0008] Thus, there remains a need of improved devices and methods for

detection of molecules and molecular interactions.



and test channels is disclosed. The test channels are

in fluid communication with the inlet and outl et
wa@b@sned2s2 through inlets and outl ets respect i RE/$G2005/000112

Each test channel has one test site therein for

det ection of . specific nol ecul es or nol ecul ar

i nt test channel is el evated

frogiﬁﬁ@%ﬁ?p F‘”Nn l}ﬂ(;R?lé}channel and the outlet is

elevated froma fluid level in the outlet channel.

10] Adyant ageousl| k fl or .di ffusi fromth
0087 of - IRSLRREDY: A nichERR i ol trithlicn i and Sthitthannels
and ARGLANER i§ Hﬁsdldﬂe@t ThBaesethameIPErd iRFiur E8Mnithication with

reduce or elimnate cross-interference between

thednlet endrautiet sharnelssthreugininjetpeadratitiets sespeatively drachotest

chapt el DR e aRby e e an 16 BeBRide oR P e ffeid fr mptecutar
intdrBétions) Sthedihkst irk8 t@sttdr@hn@h&rm@vatea fidiR tisdI batlétasfehé eest
fluid below a fluid level, and a plurality of

. gui din
charml aaa dhe eutlet is dlevated from arfid lgvelin hemytiet ohanielow
- fromthe inlet channel to the outl et channel. Each one
the te h '
L0030 | 1%, & PYARBIRELSI Bcifflobdr ifddion ot fhe outiet chanpel to the
tesf d:hartheisa and riromthe)tes‘tvchanméie {othe &ﬂetathmmnel cafbe inhibitééd to

is eleyated fromthe _outle or i bi tj.ng back flow
redpe OF Sliminate TS INtSrFRIepRE Petween SHarantiast s « he
fluid I evel for inhibiting back flow through the

OOWI let. Ongcé@migly dreadedt of /€ Preydpit Rvehtign r@ates to a
channel s for detection of a specific nolecule or

mlommeuﬂae migroghipceqroprisas @ ﬁébsfégte antiglet cloauml imbie sigestrate,
an (glzfeetc el A&hB" %%gﬂété 1%Y u‘?@ﬂ[lﬁl t?élg\éca{ f?%l I&Feﬁ h%)lﬂ(il gfplurahty

I'ng nDIecu €S or no ecul rrnter

of téﬂtdmh.ne?s imi the etibs{raiesfop gmdmbéﬂwd"ffhﬁv froat thehihlet BRan@el to the
bstrate_ an inl et chann in the sup trat an

outlghchannel, EARRIONEPfthe tas] ?Pﬁ?'@ has 37 et fpE {Juigrconagpnication
wﬂtﬁ?ﬁ‘@%t%h‘aﬂné%@éﬁ%hﬂ %ﬁrﬂﬁ@cnf]ﬁ?‘ﬁ Adni i 'tr?g'leg ﬁutlet channel.

comuni catiton wth the annel
Theoinletds elewatdd frooh thernuilet faxtinbibitingt baddflovothrbagh the inlet. The

outlpb & Bvatgttiomine Buidgie TH riting Bpk fiod hrcticnghé outiet. one

testCdiR1B6h Bach dnklfdhé fedtthbAAURSEr aétefchan b@étsp”elﬁﬂﬁriﬁbﬁscule or
t hrough the inlet channel. Back flow through the

moleguler ntarastiontat de tasé sitani bi t ed by al | owi ng overfl ow
of the fluid fromthe test channels to the out | et

OuFEEINC!  RRGHEE Y e T o B % o o

deteartmgamblemlecﬁ &if melewnlavfintevd ationl lansthlsn mdtleodl laumicrbchig is

one the test sites to another, on ofth t est
progiede hafRigiochinhss 8 SRS S @81 INEr ChamRIdR e Stlpstrate, an outlet

channel in the substrate, a plurality of test channels in the substrate each having an
inlet for fluid communication with the inlet channel and an outlet for fluid
communication with the outlet channel. The inlet is elevated from the outlet. One
test site is in each one of the plurality of test channels. A fluid is introduced to the
test channels through the inlet channel. Back flow through the inlets and outlets is
inhibited by allowing overflow of the fluid from the test channels to the outlet

channel through the outlets and maintaining the fluid level in the outlet channel



test channels, a nolecule or nolecular interaction is
detected at a test site within the plurality of test

W@ 21088952pD013] I n optical detection, the probePCT/SG2005/000112
nol ecul es may be directly i mobilized on the bottom
surface of the detection channel, i.e. detection well;

in Loni ACk ] On: [ t
ool B BOEES i BB, SR LD BB e of e
test §ifed rEOIRELOAE Of e B¥sEsited) Aiftertties fluid Hdiehetsr Biodaved to the
channel s, where in all working and counter el ectrodes

testehannels.ia saleme or swleadpeiptsraslion sgictaeiedal sutgsksite within
I L O ction. [0014] O her aspects and

the?’é%%h{ye@%#jgﬁ%'present invention will beconme apparent

to those of ordinary skill in the art upon review of
[oouﬁp fol | ol 0|gti¢msetéqtibhptheqﬁrobpenbrbﬁulesrrbawbertdirestly)f
~ the_.invention in conjunctjion with t acconpanyj n .
imrmat)#ekon 84§ BRRDESRRIASH e ICHeR oA RED  Bodeisetpn well in
clogiihic 4Bticion, M Rlohind.ind Bbin@k SRR FOCMReBRcRofes
(wonking ocdunter ane nefeaencenéleatrodeshart fabricated in ke petevtion

invention; .[0017], FIG 1B is a cross-sectional view of
chapRgimitase it B iorking angicauriereBRERdeS Feh bR Rersdsnected
respO@QitRly for GddrésdabléieRlcABnid ditestioranot her m crochi p

exenplary of a further enbodi nent of the present

invention; [0019] FIG 2B is a partial cross-sectional
[0044Ew of tQéheriaspests andfeatyres of she presendinvegtionavill pegome

-B: . i S rtd _ ' L. \ij L
aprgreht th b ebfdipald i A B8t Gorfteiiay B5ie By @eription
of spebifitlenfbddlinidpts of thepiavention ipl comjunctionafitt the adoongeariying

cof FIG 3A [0022] FIG 4 is a partial plan view of a
Figygsi ati on of the microchip of FIG 3A [0023] FIGS. 5A
and 5B are schematic diagrans illustrating exenplary
enzyme i mrunoassay techni ques; [0024] FIG 6Ais a

parti al prErepESCRIFHON OF TREMHRAVANGS T ochi p; and

[0015] In the figures, which illustrate exemplary embodiments of the

invention,

[0016] FIG. 1A is a plan view of a microchip, exemplary of an embodiment of the

present invention;

[0017] FIG. 1B is a cross-sectional view of the microchip of FIG. 1A taken along
the line B-B;

[0018] FIG. 2A is a plan view of another microchip exemplary of a further

embodiment of the present invention;

[0019] FIG. 2B is a partial cross-sectional view of the microchip of FIG. 2A taken
along the line B-B;

[0020] FIG. 3A is a partial cross-sectional view of a variation of the microchip of
FIG. 2A and 2B;



[0025] FIG 6B is a partial inage of a mcrochip
formed fromthe nold of FIG 6A DETAILED DESCRI PTI ON
wQ 0®3695261 GS. 1A and 1B illustrate a m crochi pp@r/SG2005/000112
m crofl uidic biochip 100, exenplary of an enbodi nent
of the present invention. [0027] Biochip 100 incl udes

[00%11 f‘é gg 'éfﬁ%a'ﬁgbb%rhe\fle\& E}%’etﬂ géhlﬁanneﬁt 13%98 are

formed in substrate 102. The test channels 108 may be

[0022Dpst FIGL 4li$ u Ratial plah view efialvadttien of thel relcrediipoé FIG. 3A;
104|s in fluid communi cation with, and can receive ,
110. DOl uti on channgl

[0023} ﬂgié%u”}saa@ﬁ’cé%ﬁt#r?%c%fmﬂo%aa% lystcasiny exemplary enzyme
,mrﬁgll,él%‘stab,\{géym g individually referred to as 112),

ntr u0|ng or feeding a fluid into dilution
channel 110. Each test channel 108 has an inlet 114
[0024Y aFIGuU6Ads aldfitiaHaAye efsa muichfordbrmiog a midrachipyand
conmuni cation with inlet channel 104 through inlet 114

100281, "Fie, Stia Arnar 808 Tas & 2l B Biibed foh e wild S Fic.

eANnunber of test channels 108 may vary dependi ng on the
particul ar application and manufacturing
consi derations. Each test channel 108 has one test

site therein for de f a specific nolecule or

mol ecul dPET. |N@QQE$§%‘%’?M test site, as will be

further descri bed bel ow [0028] As depicted in FIG
test channel 108 has a bottom 118 and an

0086 1 o BFS. VA Gngk 113 kRt PHE ICHIRse BYGoBAidis kipghip 100,

exchilary S15 EiyooBinght of SETRERC QI ERN 15 o cest

well is formed i n each channel 108. The _vveII structure
[002F) be adBimchipgt@d indudesoastbsiratedki2o A, inket chiahihel 104, an

outf 5 G, B AT STt RI0BH T T bt 102

Theotdlst 8hardridis 108 rﬂﬁy{] dergibstatitiaig phesledtd éadtiothey. elhlet gHahANnel 104
as i ndi cat ed e dashed |line 124. For each t

is inc fiuid mmrmgelcatlﬂm wdithy and;cangesoiye did frem, a&illuapn P!nennel 110.

Dlll}%b Jﬁanﬂﬁl 110 ﬁ%g @Iﬁ@tlﬁ%@ rl’i’fAttgeHEP“()gﬁd ﬁfele |\J@I§ anfd

anne can be understo
individaiathe eféfréddamst T2y, gachlorfihtrodlicing ar fdedlrtg & dviel into dilution

above the fluid | evel ach te el 108. t est
chagalhid. Eaeh dest ghanaet 1B 558 End et 4 3dhan ot 6. Bach test
chagrxgl fi8 %]iﬁ'ﬂlﬂﬁ cbm%m&ﬁ%rpwnﬁ fef@ndifidl 104 enrbeBhiiMet 114 and

1B, which 1s at a | evel

with outlet channel 106 through outlet 116. While four test channels 108 are
depicted in FIG. 1A, the number of test channels 108 may vary depending on the
particular application and manufacturing considerations. Each test channel 108 has
one test site therein for detection of a specific molecule or molecular interaction at

the test site, as will be further described below.

[0028] As depicted in FIG. 1B, a test channel 108 has a bottom 118 and an
overflow wall 120 which forms the lower end of outlet 116. However, as will become
apparent, wall 120 is optional and can be omitted. With wall 120, a test well is

formed in each channel 108. The well structure may be advantageous in some



above the fluid level 124 in outlet channel 106. As

can be understood, backflow or diffusion through inlet
wdaiesoes2eut | et 116 can therefore be inhibited, PET862005/000112

limting or elimnating cross-interference due to

di ffusion of nolecules in the fluid fromone test site

t o _anot her St _sit A sanple fluid may be
apmﬁcﬁﬁ?%% ﬁSnW@ e&?ﬂlﬁ]&gﬂgﬁﬁé\“} 110. Inlets 112 can be

conveniently used to dilute the sanple fluid nultiple

[ookdES. ThasRERIRS bétter sdert i AIG2 1B Yvutlat sharirei 168a1s! ®bottom
dependi ng on the sanple concentration and the desired

122ahelom oufet dilbdor guldlrtgnwdfbetl% g fiid level, srichqasciRdigated by the

Tk L e T

whitR ig W@rﬂ%levbﬁao&ﬁam the ﬂl.ﬁdj m@n n24tn ontlétcr,harmel mos on\s can be
sol ution source (not shown). Inlets

undgssieedt idetichapnel 1)04 6o Wit widg fiid ?fa@ U%%Mgl %J?Pve the fluid
lev%j%il eé?hqggt m%g’g%’ ,&‘P% tdh%ﬂné E?tg ﬂgfd \Agdslg‘g@)a fluid level up

e conne
to dlitiepeM6 edis indidated byvmbe db@ﬁéd]médﬁﬁtlm ¥i6. 1B2which isat a level

by ] YELAEE e ol Shapaer 165, 45 o5 B iersiopd b fow or
dlfﬂ?ﬁ n;g%roﬁph H‘HQP1 ‘!& Bt bt Wbﬁﬂﬁﬁereﬂfre%%hib‘ﬁ@d ﬂ\us hlmltlng or

naton of two or nore of these materials
elnnhaamdrossumfemrmamze tadiffusionr efpaoledules in the lfluab‘r@n one test
. gﬁnne r{o o persons skilled in the art. [0032]
sitedp AU 1€p s'e"106 108, and 110 can each has a width
or depth on the order of 0.02 mmto 2000 mm dependi ng

[0080] t he apRisafiple ‘ﬂUld Fagbecdilutba e dititidrecteninet dohinletsd 12 can. .
dept hs. For exa inlet channel 104 can hav
be eprmiamTtySIsSGH OTROE e SAMBIAAAN KPR Bas. S Aymber of inlets

11Ty 1P GRmpRS JEBEARY oY Cpig] BRBhiratth Ak 30
desh'edeamouvhtdiﬂdlluﬁoratmne oiﬂ&e infetarid 2asusj1| bs drdpt T2A nmobe
wher ei n, al | t hs arer tive t(gitthe

150
adapid TR .coppegimLic asami Soulecant AbusEand e gine? iets such as

1 1 i1 ‘Fﬂ§‘?n be aH!aE‘té‘ddfofr |c8Hhééﬂcfh {o5a HASHAN solltiew béice (not
annel than in inlet channel 104, which can be

shoam)ahmtg éd 2snayalsodee connectad & onpeT dedhebamsubsiratg gplution
t f |
soulte AT WEHnGREER soltEE [P ShARRY Ghlet Mol 168 may be

conﬁé@ﬁicﬁ’tbrwwasfd disgerigeri(nbeshewanel 104-at a desired
rate and for effectively dllutlng the fluid by a

[oogif’ IGI %dngéﬂtbgiragg r']I(E)2Sc|:aznebeca) fma sofa sufjfalkﬂe mgtenal Such ésl Blastic,
ceramic, graphite, glass, rubber, fabric, printed circuit board, silicon, suitable
polymer, or the like. A combination of two or more of these materials may also be
used. Substrate 102 can be prepared in a suitable manner known to persbns skilled

in the art.

[0032] Channels 104, 106, 108, and 110 can each has a width or depth on
the order of 0.02 um to 2000 um, depending on the application. They can have
different widths and depths. For example, inlet channel 104 can have a width of

about 200 um and a depth of about 50 pm; outlet channel 106 can have a width of



person skilled in the art for a given application.

[ 0033] Channels 104, 106, 108 and 110 may be forned
waigtosgoeenvent i onal mcrochip fabrication techPtTs8&®05/000112

i ncl udi ng etching, enbossing, nolding, or the like.

For exanple, a silicon nold can be fabricated using a

abatk SR04 GG PO Aot 20MTcai Pach st proRel i an have a
widg@@%utﬁﬁ&%@% ;w}:olt&’e oatOEEBOL{ ﬁﬁ’ﬁh v&ﬂ?—:lrgm ilp&)éj’rflths are

relafié ab theé topPsugsseof subsiiaes 162, A@baatﬁwpmb@tecalm thié case, the
desired. I'n particular, the test site of each test

llqu%ﬂmMéatellgsfaﬁ*@y imewtlet £hanpekL106 thandp inlet sanngh 104y which can
be %i\gar%égiéé&bbg?éﬂed{ it 'eg thé RHafRL ?dé'tfr it cfg\?érﬁ?wfrcﬁﬂrtest

ant1 gens
chaBféloT0S batianto irlé chdmleis 404 aChanrels 4 Onadbapéd and sized for

supphia eI i, aptoLhas & dered raimans Tor Eactiyely filuting the
ﬂun%@%bcgésltnr%ﬁ% r‘éﬂﬁ?’;@e bEelordhanngl 140 8an B%%Eg{%gﬁ“e#%ﬁ?ed by a

usi ng a conventi onal zat1 on

peré@t Skilleghén thenait fioh angivehyapplieatiards or pt i on,
cross-1linking, entrapment, coval ent bondi ng, grafting,

0058 5. ocChannds DitaB6, 1GLEAG R m3Y BRI uRY Grventional
mlc%&ﬂgfa‘}ﬁ%ﬁéh ’teéﬁm@)’eé MCTUNH ERBI fém&bd!;sﬁ%:trﬁcblﬂlﬂ@g or the like.
probe nol ecul es to test channels 108

For@bram'péee aeilitan éncpidpané)a:ia&fléate@h ysing aseftribegraphy method to
et Rk e3R8 0P AV M 80 ol Ricsanc

(PDMS)) @pbetritd carebbdoysad from théfmeld) . The coated surface
may then be treated with a suitable cross-Ilinker for

t | |
1003 o1 1 urE oAl S RGeS MR Foater it & TN heris: etafise o
cerﬁrﬁ c'}ﬁbr‘ér%l? Jrucﬁﬁéf RBaridls FesirkAKRY SarfibGlBr,afe test site of each test

di met hyl am nopr opyl ) car bodi -i m de ( EDC)
chamagl 1:08 amm hlaade a surface, ARThSsshotian @W@peééﬁeéwtab!eior

S RIS 8 o ST b Rl aptog oy

ontcbaftﬁfc@n@' slLfate An8, thbtsifaeeazm barmaed dfzaplastic sach as polyvinyl,
t hor ough wash of the channels i ncluding the t

polyshaanel ar ecliviose. &m’a@ salgcules fetitiond)) naay Psd@gﬂoblhzed at the
test%%'ésib%%chl}ﬁsttaﬁnq%'l 468. ﬁ%e%o%%ﬁfe%%ﬁk%@ iRl ?&hi&j using a
age as gelat| 0

nts suc nto ellmnate noh-specl
conbémibrizd immonilizztioh daechmqm@esdudlmgfpmxsmal ﬁdsonpxhsh; agss-linking,

o e S b SPRGHS! R AP R Bol
techniques. Probe molecules can be immobilized WIth a robotic nano- or pico-
dispenser, or by introducing a fluid containing the probé molecules to test channels
108. The test channel surface may be boated with a surface that is suitable for
selectively immobilizing probe molecules. For example, the surface may be coated
with aminopropyltriethoxysilane (APTES). The coated surface may then be treated
with a suitable cross-linker for capturing the probe molecules. For example, homo-
bifunctional cross-linkers such as glutaraldehyde, or heterobifunctional cross-linkers
such as 1-ethyl-3-(3-dimethylaminopropyl)carbodi-imide (EDC) may be applied to
the APTES surface for selectively binding probe proteins. Immobilization of probe

7



[ 0035] A cover (not shown), such as a transparent

cover plate, nmay be provided on the top of substrate
wagmspes2eeal the channel s and the test channel BCT/862005/000112

fl owt hrough operation. The cover can be nmade of a

gl ass, plastic, or acrylic sheet. Afilmwth one

moficuFan . B CRAPRAN B e JutrAE uSQ BB S RE”agGEprobe

lmrﬁ&Y liZatlona0BbPsidiPWash oPBid emdnrigimelting tHa teat @h*aﬁﬂiélmcan be
the test channel's 108. [0036] O her conponents may

condmctaqoerm charinel surfaeemeutsiste the tesiovitascan n@goamdrwﬁh blocking

20<ifS PReE = cfity BPAGRRIC EP-RERHP hfg ofmeldeSto trpse

suriReB! Pé ehig hhd bRstkiry ean bé icondadtatns! autéMatiswperaston by

through one or nore of jnlets 112. In an alternative
conneptiag hiaehip 48640 Al pHNAPvE SVEEM.nay be connect ed
directly to inlet channel 104, bypassing dilution

171 j |
[00§%\r/1mq)e f o'é‘%g (‘J’r% mﬁlsﬁng 1 %‘i&g{ ??%\?v%ptg E%t\gﬁg%ﬁéllas anay be
profnged Slmlouhbytbpg)ffshbstiat? %mto sed] ttioks ahanmyals landdhé testchamaels for

channel s ma ovi de ectrical interconnects
Ao hipudh SRRyStians THeGaYeY £ Bediedn ShAIREy PRSTEY B paRic shest
Afi {n‘? WithWHd Q4hédide E‘.g)%t B el by & tH@ QAR PTHE Boddt ey prevent

or neasuri ng or Ing a Si gna such as an Optl cal
contamizladion during wseg Wairanspamnmueemaysaﬂm dietedtiontof optical

. channel s, 108. 037 n o a fluid, such as a
sig ?rﬁf'@'nlaf?f?god) aﬁegt ﬁ'@a’%'fﬁ?%if’hm ecul es or a washi ng
buffer solution, is introduced into test channels 108

[0086F ough | OtRsr cammwéntéafammcowratemﬁ or[ddPB8Lteth® biochip .
sanpl e fluid may be fed |nto di l uti on channel 110
100: b ex¥aMpie fwid Bavises (nabshawmisuss assarppiespurces, substrate

soufb A 5 ol s ik g ol 110,

such mscthlmlgh ohe os mmbe)fﬁmlatsm 12Thin araatersative ethbeatimbst, some

ﬂuncglglngrtggg ngq\y]\lé I%f%log n&gted mszyp%:py rt]ctp] Fr@«%s clﬁ;%e?ﬂrﬂél Utdq%gp{glnél \uqlon
chahﬁél ’Pl@tFlﬁﬁ%”Urhﬁé gﬁot%m%nawmgf{r@u ahboonyrfmtdoﬂltﬂoﬁm fluid

by adj usting lowrates at inlets 112 he dilute
ﬂomsurtpee:hanne@ smd fas seipplying fiuifie.cor withdrawing tuid{ram; then

chapga%erﬁt@g %gaﬂfgg@%ldé%?ecé <l np Lcos\g(rgﬁ@ @bl( Qﬁé\ﬁ@ ér?d Bf?&u:try (not

showi) heslb6 rovided fesdorgiviimgethe opeSatidit Ougbclmpl HI0 and/or for
channel 104 wi thout dilution. [0039] Overfl ow of

measusing 9rdsieelieg asignal ﬁaﬁhéﬁsaquaw@ls@rr sagﬁab{wmeihe test
sites in test channels 108.

[0037] In operation, a fluid, such as a sample fluid containing target
molecules or a washing buffer solution, is introduced into test channels 108 through

inlet channel 106 and inlets 116.

[0038] The sample fluid may be fed into dilution channel 110 through one
of inlets 112, such as inlet 112A. Dilution fluids may be fed into dilution channel 110
through other inlets 112, such as inlets 112B to 112D, to dilute the sample fluid.
The sample fluid can be diluted multiple times by introducing a dilution fluid at each
one of a number of inlets 112. The dilution ratio at each inlet 112 can be

8



channel 106. The fluid levels in the inlet, outlet and
test channels are nmi ntai ned such that the fluid in
wo e®b/ogfzennel s 108 is below inlet 114 and t he PETIBGE2005/000112
| evel in outlet channel 106 is below outlets 116.
Therefore, back flow through inlet 114 and outlet 116
indi ala) t RnlefUffR. fTHé Qlluted sample
indifialtf BoROIRR: by BfRfingInd ABRAAIEA! Ainlef #12. TH Hiuted samp
fluid isaeseiged an inleladtemnehtl 64iamddbeh dén tesh ahaerhe|$d®8t hmwever when
i nl et channel 104. [0040 ere t fluids. be,.
dilution isRRIdEgUIrad or gsé{ﬁeq?, a’&\ﬁ’Sﬁ]ﬁ%’P 'bg‘ade?feﬁﬁaﬂﬁgcsﬂ Intpdest
chaﬂﬁélscfgSOﬁ‘lré lt‘ﬁa%ﬁ%fj'wa_ WBdelﬂﬁlohm roduced may
I'nc e pro utlons, sanpl e sol utions, washing
sol uti ons, substrate sol utions, solutions containing
[003gjbel | | ngOverflsivgizhe dlitkfram the test channels, 188 s reseived in outlet

o108 o i B3 R g S35 Ao

sucﬁ‘ltﬁétrtﬁétﬂm%?irb’tesf éh’érﬁ1§lé 908 i@BelW iflcd ANdhridtheFlie né\ml fh outlet
peri od of tine to allow certain interactions to occ

chasnel Gfsisthelowmutipta 1t6. Thewmiate, hagkflewitheough lﬁiﬁté'ddi %nd outlet

i ntera s_t o
1163(g lrlll'gﬁile(i i /%‘% gan ?’%eap%&gg%{%%p S@é’t’ @Q f&i elg§ Can b bee fr{ed
con{i@heﬁw @hefilthe fisidNeWs aeagyreaien gateth wtléteclfannel nosmaan in inlet
detection of the target nol ecule. The nol ecul e or

chanpeletQ4-ar i nteraction can be detected using various
techni ques, including conventional detection

[oo‘i(ﬂ‘?h”' qU%ﬁ&%r};‘i*ﬁfa%cﬁnwg%é“ﬁirseub&ﬁrﬁ@eaan't@éiléhéhnel 108
teraction

or exa | ecul e or nol ecul ar
depéndiegant iherdetegtidretedbneneadsdsly deletfbuds nmgoducequaaalnclude '
el ec t{ i cal,

oot S5k 35 e, 5Pl g, BG4S B LaRH e, soluons

conﬁmlﬁg ll’étﬁalﬁﬁg @ﬁﬁgh&p@@ﬁe@ﬁng hﬁalamleg WA thierTike! astwibbe
| e detecti on techni ques | ncl ude enz

undbTaiorntb B eyaTT SlacORE AL & Copfintons Ukl flp a2 b mgintained.

Alte? %té/% W‘glg dgﬂré\}g Mé%’f& Eé‘ifelrtaﬂ'?mfzﬁéd SPtIEQQBréillBHPcertaln

integitions t®bct@s boclyas fo:Pmsabbﬂlm EI A techni ques incl ude
enzyrre Iinked irmunosorbent assay (ELISA), direct EIA,
rrpetltlve titi velnh biti

00412 “ana A FeTeile SFFBSEC aRR ey i Bep s st Brggsome o

eacﬁ i tl*né‘héﬁ@ﬁ@é STHEWMEdUle deRRitsPBars bkld @fgétmbReuRy, br a signal
I'n such techni ques, the signal generating nol ecul es

genesa’uruenplecdlecfpr inslirsst Heteqtipn @i theitargetmolecule. The molecule or
T e S AT TR
congéitidval déte%@ibﬁ(ﬂeclﬁﬂmes for detecting molecules and molecular
interactions. For example, the molecule or molecular interaction may be detected
by detecting an optical, electrical, magnetic, radiation or electromagnetic signal
indicative of the presenceof the target molecule or occurrence of the molecular
interaction. Example detection techniques include enzyme immunoassay (EIA)
techniques. An EIA technique can be performed with an electrochemical detection
technique (electrochemical EIA or EIA-EC) or with an optical detection technique.
Possible EIA techniques include enzyme-linked immunosorbent assay (ELISA),

direct EIA, competitive EIA, competitive inhibition EIA, sandwich EIA, and the like.
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exanpl e, the interaction may generate heat, I|ight,

radi ati on, or sound. The reaction product nmay be
web®@svyachem cal ly active or fluorescent. Deterd€T/66G2005/000112

the enzyne - catalyzed interaction or its product can

thus indicate the presence of the target nol ecul es.

o5 B ARG AL B P e BB 8 Rpereon s
the iafdi Ilre atién tevhnitRse fise sighal endratigimatetslescan benomhact
mollegn‘&ee solution. It can then be determ ned that the

tpraducedifren apgyme-cstalysechraastionswiich sayube siebile in a

' f
i e SR el oo B R ¥R BB, oy
exahiifle SaBlheraction nay gebenate Heat Kidht omdwtuodu, of seursd) The reaction
|nh|b|ted cross-interference due to diffusion of

produeigeay b@cﬁl@@trmeé@%'ééa%tw Heflupreserit. Setedinceidhe enzyme-
4
catdy P i dBRHbRARE oIBASE U H1BY iRficABRAY LN RE target

moletliesUF esexayiples witer thetppbducts ete diuoresvent, Idetedionusfi ng
use. Different probe nolecul.e be i mobi I ed at

fluogpaceat light frera st gaans! Gagy BicAlehe RrEsFlrR of thedatget

molBBLIES % Féﬁ’@ﬂééolﬁﬁ nl IPEbRRh bR gé‘mnﬁ@a ﬁidﬁhéﬁi‘rp@?
pre-rmmopi i1z e

on t ottom 118 of a test channe
moléBdles tane sprelﬁntmm tie sampleesolution.eThg Mderityldf thé 8uorasgent light

roteip allo abel |l in a di t ElA or .
canfisedieate ¥ SanfanabrY 1A deet Abiefus itfe sarapi'solution.
SindSBASK VR orldifusioR REinpilsiedl] B&s%ﬁﬁté‘%r@ﬁéé 6 Yo BiMsIHrEOf these

target nol ecules, which are |abelled with enzynes, in

procuct meleeulesidan haraveidad & redgesd: he test channels. A
substrate fluid can be then i ntroduced into the test

00 Ghce dMIEIFRr R hiby (¥ oTHIRd B Brosedlles,

imrrtdhﬁ!n&dzam‘ne testteaieh Pdolhed md1ecules gay v pex inhrsbiized or est

mmiapiizid Qing 6o RiTaert RESHR o g el EmebTigen it garerent
test%?t@% %leﬁlet'%ﬁﬁlné H%r@ﬁﬁ@@étﬁﬁol@cﬁb&o nger signal. [0045]

In a conpetitive ELISA Technique, the probe nol ecul es
can sel ectively capture a specific protein.in a
[0043}npi ex, Feriipatapge, probenrataing Aan bs rrarigerqhibaes on the bottom

11830 S P SRIAGON T R0 MPSRLSE 1. Gt "ol Gcul o5

can be first introduced into a test channel 108. The
[0044¥ get ndf theieegetprotainptiows doraenzone lablellinge aliredt BYA or

Engktdee%éctfén may be conducted. In a direct EIA technique, the probe proteins

can selectively capture target molecules, which are labelled with enzymes, in a
sample fluid introduced into the test channels. A substrate fluid can be then
introduced into the test channel. The substrates in the substrate fluid can produce
detectable products in reactions catalysed by the enzymes attached to the target
molecules at a test site. The higher the concentration of target molecules in the
sample fluid, the more target molecules will be captured and thus producing a

stronger signal.

[0045] In a competitive ELISA technique, the probe molecules can
selectively capture a specific protein in a complex, which can contain either a target
10



fluid contai ni ng known concentrations of conpeting

proteins is then introduced into test channel 108. The
W@ upeei2ey proteins are captured at the renai NPEISG2005/000112

bi nding sites. By detecting how many conpeting

proteins are captured, the presence or concentration

gt 4 BB BRLEF P PRISET R Saffiili€Corpining
unigiovae comderftdtions iofm@rget nttstutes tae bbdirsiontrodudatmtoh tést
test channel 108 can be the sane type of nolecul es as

channel 188 gEbe fyget maleculesare eaptured atsame ef thpebinding sites. A

ﬂun@‘éﬁbgﬁmﬂﬁﬁ&%%%m{%%ﬂ ﬁné@ +rﬂge1 @éﬂgﬁ%&sﬁsftﬂ% fhtroduced into

tesbohankel108. The TokipBlingqarotehms ak captusshabide rebiadting ®thding
into the test channel. An _enzyne-| abell ed nol ecul e can

sitgs: By deledinaaow nany ganpRing BlRteing are Gapiyednthedyasence or
| ecul d
corGRS L I efarmcl g Rl bRl bl o o

rml ecul es. Enzyne-| abel |l ed nol ecul es attached to the
[0048] get nDlrea nbmpectiﬁme cinhilbitit)e B34 tectiriigue Hbegprobe molecules
. _hol ecul es rese f target I~ ul es, at, the
imrbealieal 68 taa o siace Siayleat St B e the Ssme type of
mofe%ﬁiést&dth%rtﬂggét%élbéﬁfeeomcipﬁé weegbrﬁezam@eh@behhﬁ@ detection,

nol ecul es an robe nol ecul es. Thus, the intensity of
both ajmmplee‘wle agd & flwideoptaining m&m Ipbeﬂed maleciles suchhas

antipdeor < BopketFop®rin B8 VAR RR Hid 98 eE gt An

enzficeRibeflsd @rﬁoléﬁi&!@odﬂflﬂhc it @ithért ahtwgeﬁnmdm@l ofBigrée molecule.
or enzyne | abels. [0047] In a sandw ch-EL| S

Thqr@dﬁmtw@mm@qrab@@{eeartamt melagulgs apsirabe d“@?mt"ﬁé for
bmtﬂ'lg Rt h%te% 1e- Hb%u%&%?@é@@@@ ﬁ%ﬁzm I{ﬁ% g@gﬁhgﬁetcg e%eér]ﬁached

ucil ng
to thetarget hmleqnﬂes eammotlllaﬂeeaﬂevith/\th'ekprebeynelecuby Bbe presence of

targstRlPHdF 5t B iet Bt RaNIAIBLA St PO r3Ehied from

interAGidPRiietech 2z gﬁﬁlasemm&ems BRd fRshe thdledEe Thus, the
conducting the ELI SA detection. As can be aEprem at ed

mtearsﬁﬁpf adetecied signal caribe inversalyqwpppdipnsét angentration of

the B GeE e S i rnBs LA Tiel FHR ety e Ko peiefciény usetu

for daectioh Bfsinall pebteind githbetsa secwrhi emtcfpﬁ o edizgmedsbels.
anti gens, can be detected, for exanple after

okl 50" I B G i e
by megﬁygég [chg@ft%re{ ct;r%re% Ry B wakR&d bhePRiRLnY the
sample fluid. Next a fluid containing some other proteins labelled with enzymes
may be introduced into the test channel to allow the other proteins to bind to the
target proteins. After incubation, the test channels may be washed before
conducting the ELISA detecﬁon. As can be appreciated, a capture target protein is
sandwiched between two proteins, the probe protein and the enzyme-labelled

protein.

~ [0048] The captured molecules or proteins including target molecules, such

as antibodies or antigens, can be detected, for example, after introducing a fluid
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el ectrochem cal detection. [0049] As nentioned above,

after a fluid is introduced into test channels 108, or
w@baosnIertain reactions are allowed to occur, P€T8G2005/000112

channel s may be washed with a washing fluid, which nay

be fed into inlet channel 104 through dilution channel

10. 10O 5 As .
conftning uhirate reifaues dRR AR HEt e B BRI EK fffons to
col&liredasreahictlEToEEplie deraction drre@étﬂﬂibhbﬁdcaw ébtﬂﬂefrfreﬂaﬁlts for the

test channel s 108 for sinultaneous detection of
elegtpchenisal getestiaihen the different test channels 108
have different probe nol ecul es i mMmobilized therein.
51] In e
10048 Get et A8 TR BEHARS Sret ARl AL T Bliannels

108260 2fee celtéia reacimis aw almWaStdmcUDethbaﬂ@naélsMnhy be washed
radi oact i ve tracers and fdet ected b

C . sensj ng. a o

with agyaghingfividowhicicmay b feghintorilet féenngn“&fgﬂﬁrwmﬂ"uﬂon
Cha‘i‘lﬁ%nﬂ ues, the target nol ecules may be detected -

W a Iabel For exanple, certain interaction of a

speci fic nol ecule with another nol ecul e may produce:
[0088] ect abl As saatbecappregiated p@@a@onsrskﬂle;d iotbatart, samples
con?ql\@/m%gte% eéc)‘ ﬁa ldmﬁr?r?tptygeg 9 Siggl{] rg@fégu %2 'b%' ’ctrae rgsp%rrted into
d.ﬁérbﬁv{és@eﬁsﬁﬁély 108" bPsifmetapizobl et RiohQt: mﬁlﬂ%?dlytes when the

Further, biochip 100 can be conveniently used
differeat iest shannels198) havexdifferang prokmmoiaquigs mmngged $herein.

For high concentration sanple, the sarrpl e fluid can be

[oofgg"e”' e%'c}ih&i {e‘éh fued B O%Péeven ué@trﬂéﬁbb%té&eﬁr\‘lﬁthout

channel’'s can avbl
an emztyhmeibttacl’iédstheeety). Flog bxamps the tdrgethmotdcules oty be labeled

WitCRSiRAGENG et e el ared Y Senphea Gifiaton b eAdpeskghanne
1osCﬁv¥@teotHafifercﬁhm@s weeargdameickliesthay BE dtéstedSiithout a label.

single di | utlon ste | arge errors can
Foneexampde Caniadn iIndettagtipn @f atspeci wvindlecule with eaotheranoleadle may

can, r dcethe rrors than may result from
PFO@H?{??*SH’F %Hﬁ?ﬁ%n Q;ﬁ bi ochi p 100 can be carried out
automatically. [0054] FIGS. 2A and 2B illustrate a

[005'2]Cr of | uildismybevest, adviageousiyback diffusion ban be inhibited or
nbodi ment. of the present .invention, g@l ch_has

imiiggaABe Sefiale-arpiedpSEadn ke FEMIaIPRLBYIHas e, A Aigship 100.

200 has a substrate 202 and inlet, outlet and test

[Oogﬂgﬂﬂgl 2 %@e&?g@gpm@egﬁ”n B@rd&%ﬁ’%ﬁﬂ? uBed F&B4Analysis of both
low and high concentration samples. For high concentration sample, the sample
fluid can be conveniently diluted on biochip 100. Saturation in the test channels can
be avoided even when the sample initially has very high concentrations of target
molecules. Dilution can be carried out in multiple steps thus reducing the
concentration at each step. As can be understood, when the dilution ratio is veryA
high in a single dilution step, large errors can result. Thus, diluting at a low dilution
ratio at each step can reduce the errors than may result from dilution. Dilution on

biochip 100 can be carried out automatically.

[0054] FIGS. 2A and 2B illustrate a microfluidic biochip 200, exemplary of
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rows and columms. Miltiple colums of test channels

208 are forned in substrate 202. The nunber of test
web@aned2s2 208 may vary and can be sel ect ed depRCBGON0112

the particular application and manufacturing

consi derations. Each colum of test channels 208 are

ancHRPALSHgh I T ey AP, S 113y 259 BBfsgpvle oy

of téét@ﬂ@@l ME&BChiBshi6Eip 200 Il sabsireR02ant fn‘l@tr euuet and test
colums are aligned for convenient addressing

chanpels 204, 2065 and2@8formed dagrein: hest cghanrels 208 armrtemged in
row SR 4588, PRRIS o FRLORRR el 2B Bl P sibstate

202C THBURIMb&T SfrtescenhaHrts 208 enaysargamdhearabp selickidedepending on
counter el ectrodes nay be repl aced, by reference

the padioularrpplicatior ﬁﬁdtm%lllf?d%mﬂ%?W’%%WBG@'%Q of test
t I

chaffie ARl SR A Rlo FUATIE 2By SRV £diind spare 2

contién mleheimaresd R04estd & cammedn 20tet d2Dhe] 206. Ravsbef test

changgfsg@%gﬁéq%rgkgwr%n%@Fq?%l{‘q!@ﬁ]afggggn\ge%ergfao ggsﬂng 8ne test
site %C’Hrﬂié%dzn}udeé& 5?8@%%!%9%%%5&&1@93 éo’ﬁbfr*bf'e?edtfbdes 212,

furn evat ed rom ottom 216. Therefore, as Wt
onerafwwhichiigoa Wi kingaal&ctrdoded and dire pthemacrasinterser tmttréen!l@ference

e S v e 5 Bl 9Py rterence

elec%o%%mo\ﬂéﬁwd@we@e byeRsehte bleetots rhé\,ebérafddéanﬁ RAcRdestchannel
plication. For exanple, each ‘el evation may

208bés\d@@n¢te6 elngtrades 332 arpfrnad on thepppesite sidewals S 210 within
| e channels may al so be structured
eacgqbq g{;%{ﬁ%l ?ﬁgt of mcrochip 100. In particular, a
well may be forned in each test channels. [0056] The
[008B]t ect i ¢ cdn belbettel ssemin Frtﬂi.eZBl,I each chamet 204n206and 208

eac est .si can b 0 ct 1.NQ ctr
nas ReSyhRiReiaSat HoRPE 2k P S TRt B1dds ekpveied fom bottom
218"RhidHg if h@Ridiefaad 4ot 'bBttSﬁPiHG OfheREfbré Oéeumm Gaierdthip 100,
respectively interconnected. The counter el ectrodes

back diffusiorefrom onavtest site d¢ antherdestisitereasplee inhikifed in microchip
200, ThES8PRE e TR RV 4GS FAREY LA s befsons

eacC

skilledl &€ theo dadepandiigvéen thevapplibatios., Fou ehamlé( ehcheldation may
Thus, the electrodes in each test channel can be

varysetwesneeb and [ 09R- Moweyesdr PR ﬁeg@#meq@"@bodlment the
ona AL FEbY BRE s L ER B0, i pariuir

welltrAa) BeClumed in Back essdichgnhekl enent ed

[0056] The detection of molecules or molecular interactions at each test site
can be conducted using electrodes 212. As indicated in FIG. 2A by dot-dashed
lines, the working electrodes 212 in each row and column can be respectively
interconnected. The counter electrodes 212 in each row and column can be
respectively interconnected. Each row of electrodes can have an X address, such
as X1 to X4, and each column of electrodes can have a Y address, such as Y1 to
Y4. Thus, the electrodes in each test channel can be addressed with an X-Y

addressing technique. Conventional X-Y addressing techniques such as
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by a person skilled in the art. In mcrochip 200,
el ectrical interconnections or I/O lines can be
wo povsoetexm t h sinple nmul tipl exi ng, as can be upPCiEs62008000112
by a person of skill in the art. [0057] The substrate
and channels of m crochip 200 may be fornmed as

mu@??‘iﬁ nﬂggfae‘éhﬁpﬂl\ré%e%?f b&'LSEQCHUGh éQ@chr{@@é%n beaehiMHPSplemented

usi ng any suitabl e technique
by & persath ﬂgllezcbmwtbetarb rialmiceadhip aﬂe,selemncabmtﬂmgnnectlons or l/O

e a6y bR e PTCRAE B PIGRE il CAR DB WRdrefogHy ™ BBFeon of

skil hat %rpnd Si zes or nade of different rraterlals
'6(0 Eisng electrodes in different test channels may be

spaced apart at distances on the order of 0.01 nmto
[ooempo rrmTrusewsiraig apd cheanglspol miareehip 200 may be formed as

ufa tur| ns. El ectrodes 212 may be nmde
des&f' ﬁdégp?'% (Hgm {’T‘})}Uét'l terial such as gold, silver,
pl ati num copper, titanium chromum alum num netal

[0058] de, rEealrodes 212 enayche formediusinyidng, suitablesteennique including
conductive plastic, conduct ive pol net al

convepliengl deeiguss fasfarmipe aleeiradese E¥9§ teasiesi 414 gy hawe any
swtél‘)‘%bﬁ{aﬁéergsd 5. Iﬁlflﬁﬁ%t'%éﬁfc;cféssmﬁg%apﬁﬁ%’%ﬁﬁptz L@é’ﬁé‘& and sizes or

mad® bkdlﬁ@r@itenammss Vedrking electrbdes imdiffetehtdésttammnnels may be
channel s 208 pr oxi mate el ectrogis 212, 060], A cqver

spapa@tapgmstagmoag & ORIl R SO o ¥e90 paispepgpaRn the

appﬂ%ﬁ&ﬂ?ﬁ Lﬁ’é(étﬂﬁﬂ? ‘Hﬂut‘alﬁs £ P ro&§$ Ziiﬁt?ﬁ ¥ BEfndde of a solid
anne orseal'tng t oWt hr-ough

or p@i‘x&mnia:tenail&ﬂﬁﬂn]as@dlé,rsuhrempﬁamum cepypdretitanaon pchratrédm,

in or connected t 0 For exa fluid
alura s SR BRden 13! SATEHch Satm, GEARIEle: dllerentiifuctive
plaﬁ?ﬁ“&&ﬁ&uct%ﬁfﬁh{}ﬂeﬁ Fhéfal AR ﬁe@%bﬁ@ﬁpmrsheb@ mﬁwnﬁédA%mbmanon
ked to I nput channel 204 Fl'uid punps (not shown)

of two @r wadreay these meteraly ceabecdsrd.ol ling fluid flow in
the channels and for supplying fluids to the channels

be '
0088y, o7, Brdpe fidtecmeSthot sl nah ERTRRAbGILPby S
electiceielsr s Gl Botonhsi 248 ofclesticharneds 208 rprmamaeke glm:ltmdes 212.
such as vol tages and currents at el ectrodes 212. [0062]

hi p 200 t
00ghch: b Aeverabat ik cySh i & Fefenarelf o&f Hitecavike
opti6ﬁ§§;ﬁﬁrd\¥ﬁiéaﬁoﬁH@fdpo@ﬁﬁe%ll%sfrﬁfe fdedRek it channels for sealing the

flow-through channels.

[0061] Other components may be incorporated in or connected to biochip
200. For example, fluid sources (not shown) such as sample sources, substrate
sources, washing solufion sources may be provided or linked {o input channel 204.
Fluid pumps (not shown) and valves (not shown) for controlling fluid flow in the
channels and for supplying fluids to the channels may be provided. Electrical
interconnects (not shown) and circuitry (not shown) may be provided for biasing
electrodes 212 and for measuring electrical signals such as voltages and currents

at electrodes 212.
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nol ecul es or nol ecul ar interactions at each test site.

[ 0063] For exanple, the reaction products of the
woriosoe8262 | nt eracti ons nmay conpri se el ectr ocheei/s@00§000112

active nol ecul es. Each pair of electrodes 212 in a

test channel 208 is biased to nonitor the

[00?%]?? t Lgﬁﬁéﬂicgﬂ@r lg%&tb[e %Bfeé i ESlhﬁlﬁ\méﬁneer'a@ tbPBiochip 100.

Corﬁ)eﬁférﬁl?cbﬁ Bls@tita sighdl\caneosiedl wwing plettredes il 2tfbedetecting
uid'in the test channel, an electrical current can

molec es@em@eﬁulahmtp@qtloms abpach tesdse212. [0064] As can
be understood, in an EIA technique, a highly

[Ooié)jncen” %Qaﬁ@%t{h@tr ?ét‘g%rg IR0k thE rﬁél%gufai’uﬂé%%ﬁs may

hi gh céen ion trochem cal active
confprizeusiéstrevtemishinatie mtemllemﬁaehmasOMEetmdesezw in a test

chaneok N scbiess Imergar thesaereshamical keaichu ding 1681 sib in the
testtcﬁ%nﬂép Cc%arFBﬁ %gﬁi'écﬁé’ﬂeﬁnwﬁéﬂ e@é‘ct%ﬁ@h‘fnb&l@“é&twe products are

crease sensitivity detection I ncreasi ng
preddrt in thieuliguid amthie test thanndiear ek:;nlmal @urreatcarmﬁow[hmwsjan the
The am)unt of electrochem cally active products
palrm e$i212-t est site can be detected by nonitoring
an el ectrl caI signal at electrodes 212, such as a

[ooéﬂf rent AdeAHe8 underdte6d, iR M R techArRue adhghly %bh@éht@éted

e target nol ecul es can be determ ned, for exanp
subbiyatecgiatiimean he useddetnsaducs A digh spneendration;as .eéﬁqtmhem'ca"y

f t

actiy, il BYen ien! i 4RI BRACANLE Rayed (et 80 dBficentration in

the 8&mpRs ?@gt'@”{m &sich {aneahnqupﬁ:alnrﬁm hlgtrlyammtaxé‘l Altehlaatlvely, i
curren ue 0 enerati on e ele

the BEduFE ConeRNIHIo TR STVICERIY T BRsSAEr 0 Sapy ity

deteccﬁiggtb‘élt lﬂﬁ%gfﬁgaﬂ{%hcbﬁaﬁ&ﬁnﬁie rfSle{hbréH ggrﬁtﬁzf rebBfon.

e approxinmately pro |onal to the
target concentration in the san‘pl e sol ution. @@&
[00653]n be Jm@amounmf elecirochanaisallysagtive @rpdugerﬁpdu Bya test

S'tefﬁé t?eﬁ%te{: 210 8('98%86 I%%tgw?lfgl gésﬁell ¢ tann%ﬁlﬂz%g chasa

curr‘eﬁf mrbtfjﬂjﬁbn@m&ﬁiGSZ?ﬂ‘W Ieasoisentraltiohidf ¢tk talgéf melevuled can be
nmol ecul es fromone test site to another can

detesminedhifor examples bydnpaing theaetacted furent Mg t% 3 §a'tgfat'°n curve
of cﬂﬁeﬂéﬁ% e%gﬂ\c;méﬁ“éf@q BRELA: be%%@%ﬂrﬁf?\fe%ﬁﬂhﬁé‘ sQrfnples with

‘'est channel s urt
knoWh ddneehtrationl oﬁaaTgét moldcatdseln an anmemnetrh:aappeba(zﬂﬁhe current
than in inle 208, rom out,|
dueA @ipReraiagsoh e aoteseahalias v oSG pH Gt from the
enzkr‘n'é‘tn& ¢8actioh SHEPe ptrgﬁ‘or‘ﬁﬁﬁél%%hé’fcoﬁéékﬁ%ﬂ& orneyredudt and can
test site nmovin
be approximately proportional to the target concentration in the sample solution.

[0066] As can be understood, as the test sites are separated by the sidewalls
210 and back flow from outlet channels 206 into test channels 208 and from test
channels 208 into inlet channels 204 can be inhibited, diffusion of molecules from
one test site to another can be limited or inhibited. In addition, when a liquid flow is
maintained in the channels, upstream diffusion of molecules within test channels
208 is further limited. If the liquid can flow faster in outlet channel 206 than in inlet
channel 208, backflow from outlet channel 206 into a test channel 208 can be
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to another test site can be reduced. [0067] To gui de
fluid towards el ectrodes 212, a section of each test

W@ b@aned26208 proxi nate the test site, i.e. el eRCT/OCEBE®5000112
212, may be narrowed, as illustrated in FIGS. 3A and
3B. [0068] FI GS. 3A and 3B illustrate a biochip 300

IS 8 35030 RBe Sl B8 Wpaed b Bigkere moving

ek t %ﬂa%anwrecﬁmegutlet channel 306, and a
fo ahPura elgétiy of test channels 308 formed therein. Inlet

channel 304 has a bottom surface 314. Qutl et annel
[006X]6 hEe geidediuidiowardsaelectrades 3122 SR se%‘%%' st ghannel 208
defin by, si dewal | s e
profiaba b R e, PR AL BHELREE a¥Mistated n Fics.
3A shdigmal | s 310 and el evated from bottom surface 318,
thus defining an opening 322 to aIIowthe liquid to

[006] G eRIGS. A 2ndvil Hlisirale & biacnin 380 AyCHERr e Bfialioh of biochip
2oof§$g@§[ocmé 506! lﬁﬁ&l&lggﬁ%ﬁ&%d% aasl?dértrfa?é SOE axhd gn hIePehannel

nmobi ereon. Panel can al so
304 dnohtet chanres30Baakd laopiurdiined tesizd’narayelsbaoa Hormmeditherein. Inlet

vertlcallyto var 2 cQ L1ing the
channehs0Aas 2 uipD] Sertaed BotkOaBatsanyeh 308 ek Bagiitin surface
t ﬁa{m F10nd BoftbisurBdelts.
316 gé& or exarrp?18 Bfflg@ﬁlﬁ%dug??g{égﬁéllsn FI G 4? el ecutroges
such as el ectrodes 412, can be fornmed on bottons 31
[0068] t eBiochipe3ffkhes mne&\?»eauaxtwdmbﬁw@eraﬁ igewalls 310 ‘and

e ST A G L 5, SR Gt i seso il e i

to ﬂb@:&ﬁﬂdugﬁs Tﬂe&sarﬁﬂwu abctioh aipmmmngmrza cgunm ihad towards the test

i mobilized on a surface . in t est

|
site ol SRt QPRGN HIECHRIPH3AR 0L & ST BUTRYIng Bifemglecules
lmn?o?ilggartﬁere?%Pan%ngb '&%n'dlwfurw@r‘b?e\i‘e?ﬂ beRRAEGWI Feiney320 may

re an nd to the tar% [ ecul es. Probe
be srmﬂtatuémsan;ato caytopening8g2fo mrémjlr@sth@dmrarai@d in a

sanpl e sol ution introduced into the test channels. The

oo™ Fle 0 B AR A0 o

sho! IRFICS: 3WmaBevForr@b<ampile=,sa)s illostieted apFiG o4, dgctrodes, such -
probe nol ecul es. The reporter rml&ﬁées in a

as elecipedas 4bh cerhaforgiedsem BriomE S 1807 dPPehannels 308 Agpair of
worfBil 5 RS BEHE py250y5, g8ps aftom 31
ad;éﬁérﬁ@,:besﬂeTﬂdeWaﬂgeas depietad.es may be directly

| abel [ ed before

[0071] As discussed above, probe molecules can be immobilized on a surface in
a test channel. Probe molecules may include antibodies, antigens, peptides,
aptomers, DNAs, and the like, which can specifically capture and bind to the target
molecules. Probe molecules can capture target molecules contained in a sample
solution introduced into the test channels. The sample solution may be flown
through each test channel to allow the target molecules and/or enzyme-labelled
molecules (reporter molecules) to be captured by the probe molecules. The
reporter molecules in a competition detection scheme are labelled with enzyme

molecules. A reporter molecule can be an antibody, antigen or any molecule with
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they react with the probe nolecules. In each of the

above steps, a liquid nmay be flown through the
weh@sned2s2 t 0 attach a next nol ecule to the al re@dyG2005/000112

i mobi li zed nol ecul e. To ensure accuracy and

efficiency, the channels nmay be washed with a washing

aﬁi.ﬁ&tﬂf hehaoe feeciSatiar et MolEculds aling drectly labelied before
theyPFelct Withdhe l;b?étgé ﬁ&e&e&ﬂbgt IhQehi st thEabbes tstéﬁsaranqtﬁd hfay be

ensure t hat enzynes are renoved fromthe test
flowphtanmedrsthe] cﬂ&?ﬁl}elsﬂto&qﬁfmﬁa oexiapnisiceleto thesalrendydmmobilized

molgPue | aelisiseraaenap e tgRith i Flalst iy Be wéthed with a
was‘f‘ﬁH é&ﬂg@r‘m %%fjdr@‘i’éecﬂh? s héﬁﬁlqﬂl@slﬁ paftidll8r, Weé khalnels may be

ctro arge nmol ecul e i s an antlgen of
washedd:esfente prodtiding babsirate sohdiops de éheytast isbapnelsito emsyreethat

uch as ALP) -1 abel dy is transported
mOt?' PANESH2 @“?Oa‘?‘*é}e‘?"’gﬁﬁigg%% Ci‘gbb?%mshl ng. Then the
substrate, such as a PAPP i ncl udi ng

[OO‘PEiDhOAFé";b@E:mb%S@nFMé’Bf al sandieliéhvien@dnoassayt eehdigueds illustrated in
ots for an enzymatic reaction, for_exangp

FIGE AMObeﬁmbpdeemyBPbt"Z% ophe.agHack éf Begerking electrode or
surf%g?&fb%esto t F%{cﬁgngté@&%d@ heub ét‘?ﬁ&lbéul‘éﬁg e &t f interest

e active teto uce a
andds ®oht aé tiesrprodd a'ntdmdyvAnmlmynm (suehRs Ndl?)&lam@ed secgnd

antibpd fs Garpsposies Bibiea P i Groa A IoRD RSl WARKIRG Thepibe
sub%%ﬁ%%ng’i %E%TIS)SIPP |h8|uaﬁ1g°0ép‘}%s AbRISRCPAFIFEGE H@ﬁ@ered into the

larly, 1n thé exanple shown in FlIG
detqmtnhespmforsarf enzsmnaﬂm@lactlolz ar example ly ﬂ@wrrmd@ substrate

sy g AL SBgEIY 1 SRR e P

cat yaﬁt@éhzwi@bm@ sieaitepRiduce ain EléBiroshdraically estiveoproduct,
P products as in FIG 5A for electrochenjc

PAmewant@geoqs@omP raGbegdeteptdelact mhqnapal'wbgnéhe glectrodes
ar Hssf 0 P A, S0 R R g rference
eledtfoelear ed with a soft-Iithography nmethod. The test

channel s (seen as parallel narrow channels) have

{.dt hg, of about 100 Q075 al
100145 e Sigtlasfio FLibR BOrTRTOMI tIRS o P oS ATE Bl
imrr%lmzzheomtpnécaé@trm shiFa6@ 0T HY taPgatr DN i€ thietbbend to the probe

ol ymer DVB
DNA. The target DNA is labelled with an ALP enzyme. The enzyme can catalyse
conversion of PAPP substrates to PAP products as in FIG. 5A for electrochemical

detection.

[0074] FIG. 6A shows a partial image of a silicon mold for forming a biochip
exemplary of embodiments of the present invention. The mold was prepared with a

soft-lithography method. The test channels (seen as parallel narrow channels) have
widths of about 100 pm.

[0075] FIG. 6B shows a partial image of a biochip formed from the mold

shown in F1G. 6A. The biochip was formed by pouring a rubbery polymer (PDMS)

over the mold, curing the polymer, and then separating the cured polymer from the
17



overthe nold, curing the polyner, and then separating

the cured polyner fromthenold. The biochip is
waeiosaize2 f or ELI SA anal ysis or detection. ProP€r/SG2005/000112

antigens were imMmobilized in the test channels. A

transparent polyacrylic sheet was attached to the

ol st G e SRR e b gl were
Y L e S s s

the bmhﬁﬂa@thegtt@idrédrmIMQethE[d@l@rface of the test
channel s. The APTES surface was treated with

ol SR R S
weréllﬁlﬁ{cﬁﬁlfie\éﬁéé’ folloWs Gritihe lﬂébmpémmh'éﬁﬁna n?yﬂhémmxysﬂane

oxXyl groups were apqg onto the APTES surface
(AP$E$) menevamccbatedtor@naﬂt on§be PDMS,rsslrface of the test channels. The

AP suithes vias et vith RGP BBRON S SRR ol fidenyde)
o by RS T i oy s

acidarepairiee ggnefratesitcarbewhgﬁgur@snwew&qﬂ onfedh ar&PTlfa% purface,

t.he 0,
e
lmldeoﬁE’D(Eg WRsreaheh @ppliéd thEESufaceatoanbvRiRMEyikind prateihs onto the

% et hanol , followed by air-drying, and then
PDMSsARTES swipcgdhronah theGRIRO®I GFOYRS: ~ about 2 hours.

[0078] Coval ent imobilization can be realized via EDC

[ooﬁ?ef ol |.ovg P%QCAWES%&@@Mé E%ﬂaﬁé’d\bym digarling she

d to nodi t he APTES surface i mersing the
PD NS\ AeEES dsthehdomensing ﬂsegsuﬁacsma@cﬂtban@rs wWionggpntaining

h T
aboff Gl i R T ES T BTRRLE Hiaed B ehbEsl o aPTES
treGEPDMS i Bhstd MithTe3k lethariol piolléwed bylends/ing, amel then heated
rinsed by phosphatecitrate buffer and dried under

at 80i°Gr ingre Macuw ovendoraROWr HheYrs- ni xt ure are dr opped
onto the nodified solid surface for cross-Iinking. The

[oofgncent r agy, gﬂgw’f%lﬁ%ndrﬁcg@ﬁg/@éhzﬁhﬁa 'Eftﬂﬂab%llows

fer has hate-citrate _Ip
Suctirfic a&h!mmmsudel(smmm@nmmﬁres gsechin Moy tb@&&t BS ﬁudace by

e B S REYES, s L b SHRBOER 3y ot 2 s

rooﬁ’itt%}ﬁ{)erafm@ PHODRI vhIGOBE f1 SalifiGeR Adjustbabyi usiBy aeMiNaOH

ovi ne serum al bum n BSQ for bl ocki ng
soluimnctod@wdhslﬁdtaw stabl AbensusacaHbinsed by Riosphate-

C|trate "ufrer %tndsdr%%uﬁﬁdea}tni{r8é’éﬂ flow. EDC and protein mixture are dropped

onto the modified solid surface for cross-linking. The concentration of the EDC is
20ug/ml. The reaction buffer has 0.01M of phosphate-citrate, with a pH of 4.6. The
cross-linking process lasts for about 1. hour at room temperature. The cross-linking

process is terminated by immersing the surface in a Tris-HCI buffer. The protein
coated surface is then immersed in a 1% bovine serum albumin (BSA) for blocking

unoccupied surface for about 2 hours at about 37°C or for about 8 hours at room

temperature.

[0079] Covalent immobilization can also be realized via glutaraldehyde
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tenperature. [0079] Coval ent inmobilization can al so

be realized via glutaral dehyde(GA) as follows. The
WO\RIDESY2s2at ed PDMS surface is nodified by GA POI/SG2005/000112

covalently immobilize protein on the PDMS surface. The

am no groups on the surface are activated by 2.5% GA

1. h o i '
(A AP (R PO sy 5 LR 9 AT Bty
imniidRizePSreteth Bnithe FBMS sulfdce: ik aminoagidaps ontthe sheace are

gl ut aral dehyde-acti vated surface. The cross-|inkin )
activated bych5%abA faxd muat raenyteBiparaivier e puiacs '36{5%@9 with a

ot €k b Ber 8w e Pl o spebdgs ol are

add%@ Onied Ll{eoélﬁfﬂraaﬂewyﬁ%%dﬁi/al@di slgfa‘wb ﬂ‘lhea}rests—btskgn@ cazltctign can
ave snown goo errormance, or ex e, .rabpit

takenpinee PhTREIPROGTHATS 168 ARG 2d1oufrblie! washiBdcieTatrooated

the. i . i inin
surtg (R FEEARoREL FRETRR oK R RP ity iRfer! o
anti-rabbit 1gG were fl own through the channels and

[0080]st charbesplediochipbidbrivatecthas ebpyedaveshowe ganst
channel s_ by anti body-antjigen binding. Aftgr feedin

perfoHBANGE FAREXEEIRIE BRbHIaE Weigmingblized nfe teRtidels as

des d’ﬁsthé%géé% n§ paRSdYapH. sﬁhwrl]é 8Blutibn§ ¢BAtiIARE varying

sol ut1 on enh flown through the test channels.
conééntatiensafterizigies labeledadtl antinrabiit tofs wese dawe|teraygh the

detected. T ' i 1] es.. I j
chalfaris agddestalannds 4 irbERige the Snarifps BT st thilinels by
antibGNE8ARligER bmainy. At féeding @athlsanplesolulion, theneleannels and test
dependence i ndicates that craoss-interference, between .

chanrels wasanashed with a waghing olytion, A suksifate saiwiop s then flown:
ol 58 0. BRI Sy SRSV et
detétﬁc_ﬁigfhﬁheenmﬁ SJd_)fdmerﬂud)eemarﬁ light werd eu(;@ta@iallarihbgdms,

t | es, ept | S ot el ns.,.an t [
depgndsr abipashcantpiph osie sabRls SRS Meijerrggpengsnce
indicBs iR r68xlirfit HSte b BERNEEN kest chiapReRSwad Vegdew. Whaghbeen

{
can be enzymati calﬁlrg converted to electrochem cally
fouratthiat as spw @seabout &b be/naleaf @nzyme eengerdiabienicaahesdejected.
the present invention. Enbodi nents of the present

nventi 0 . _ : vt e i )
oodsl oI ERpHSARSEATREd TR o 0 ' dketing ow
levePoPantgers, ansibodiesypéstileRCRNAprotéins and mtlerbibtmolecules in
_elimnated. The ex | ar H‘??ﬁ{){"&s dj scl osed rierqin

fluidhentisstigvsamples et lelsisof BRA. FMR and gfigf fiogroletuies' such as

X i driveficAtD W ttfSoheriibally active species,
o83, WEH 2t ERERERlteoquscsbesontialy scive
can be detected using embodiments of the present invention. Embodiments of the
present invention can be incorporated into existing optical detection systems based
on enzyme-catalyzed bio-reactions, in which PCR amplification can be eliminated.
The exemplary biochips disclosed herein may provide a basic platform for a variety
of applications, for example in diagnostics, drug discovery, target validation and

pathogen detection.

[0082] Embodiments of the invention can be used in competition and

displacement immunoassays where target antigens are labeled with enzymes for
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pat hogen detection. [0082] Enbodi nents of the

i nvention can be used in conpetition and displ acenent
w0 pevsgResays where target antigens are | abel ePCTEGE05/000112

enzynes forconpetition binding or displacenment for

detection. Radioactive tracers can be used to | abe

t he_ t arget. nol ecul.es or pindi 1l egul.es .as
comRRBionBaingi LspiasPERNT Ik RBL0ER, e fRracers pan be used
to 1458 th targBt HbISTLIES Bf BindilR MBlectis 8¢ Rsporidis CThd eaR@wRh

at least "two antigenic determ nants or pglto_es, but
imrhineoassayds suitable doduss with highmelequlanweight aptigens, weich

poskees o BaSEh7E efobhE bR BB e e 8BMyon anc
dis@s&&hepfm%aﬁo%éy@@ae usBe td derstt BNt Aigeprnect ed

o utility nodules. The operation of a biochip can be
controlled by a conputer or a m croprocessor.

Th
[0088hui Asidasvbe appresinted] iR apeielilhel the Rierfips idéﬁﬁ'ﬁtgﬁd herein

dj o 0084] AS . .
cortob i PRe o G BB R ab ali8 b8, The operation

of dTBIbEhPrEAMIBE Softrolbd-by BwoaspLtesor @vidcroprocegsor. The liquid flow
concentration of target nolecules in the anal yte.

ratesand fipwriiroe sapdejeenvenianty aiustedst r at e sol ution can
al so have a high concentration of substrate nol ecul es.

[Ooggfulsi{xggh? ghbg%f (ﬂuﬁcgijcérln e¥htiiUBRIsRAToW ehroRBHaRE G¥tisites

control t enzyne react’ion, for exanple,
gerfevatiracivices iang rofe progiuct celestldso ever @slow candesdyation of target

molegHiss1in e ANOMET SHURPaGAT HestatariogurPanEHafafiforkEen also

haveX& RRjhecoridaptratibh & Subétrata neblesties AFhafisuidaita fate and flow time.
coati'ng that can selectively capture the target

camhe cenverientiyhadjusiad m@onafah%ﬁ enzyipfe Feadtien; tar gxample, for
ol.ecyle s itsek . L it t b
achiisy Hifred A4 REIn SR ' T s can be )

under st ood, the enzynme reactions or target nolecul es
[0085FseAs azin I Bppreciated cargedini@scelas caa hadisnmpbilized or labelled

in AT AHEPBHRIANARES. S8 EXgRRe i qUEacs PE ARG maypave a
coagtéﬁgtthﬁ dfvsdBYtiEN Bhgiuré tHetargdt henguRRd It 8 FuiRer éifnple,

addressing techni gues may be used. [0087]
whewl thentasgrtouslegulehis giself @nsenaymse, itapayinet henecessalydeaitach

Ogﬁzrel n_can bﬁ made conpact wi thout creating
anAfiR eSO By oss-interference for a flow through
system It can also be fabricated i nexpensively and

[0086Fi | As daorbexAdpistood)shagnzyme reactions or target molecules present
at different test sites can be identified using electrode addressing techniques
including conventional addressing techniques. For example, the test sites may form

an array of rows and columns and X-Y addressing techniques may be used.

[0087] Advantageously, high-density array biochips disclosed herein can be
made compact without creating substantial cross-interference for a flow-through
system. It can also be fabricated inexpensively and easily, for example, using
inexpensive and matured printed circuit board technology to fabricate a plastic

based microarray chip with microchannels, or embossing fabrication process.
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i nexpensi ve and matured printed circuit board

technology to fabricate a plastic based m croarray
we@hdop/ogsizeh m crochannel s, or enbossing fabri cap@DsG2005/000112

process. [ 0088] As can be appreciated, working and

counter or reference el ectrodes 212 nay be

i nt erchangeable, In altergat|ve enb

{
(0088t or ks $47 be EReEE R E: MOHERS 20l SRR O REReh G Slectrodes
21 %hﬁi}r té?ﬂﬁérch% EBIeDTrQMIth%QtWé‘ eRodirhenis, SEpaRE cggﬁter and

erence ectrodes can be i nterconhected wt
refe@nie @idetrodes) wmmmoeaﬁmratwmaleaﬁdde@m he prayﬁded |n each test

channsl 2BBndhe Hetersato e lpdEs o bR T iast e fithFeh other. The
m;{lﬁ@%@%&l‘t A E&Q%iloﬁyof@écﬁ%s%f HeREtING elét@ro%hbmlcal reactlons

nts of the invention may al so be useful
includiny tteciise ekraferesicoelgetrddesi eay. baveeadily amslerstood thyepersons
(£@ﬁblon in the expression of known proteins wthin
Skﬁé cells over time, or in response to
chal  enge by drugs, toxins, injury or disease, may

[ooBoyui re h@ﬁbédlﬁ@ﬂ@@%eqﬁ%mtdrmﬁnaymbd:b@ ubeful in protein
conveniently perfornmed using enbodi nents of the

exmeesentproﬁimgq Measuremenbp! hevediatents the expressionafinown

ol 1 e 1SS Tl 0By s

toxivs, Irf‘@ry&ﬂ’&ﬁ@baiwtrﬁaydramn@smgh Itlabeghpnmpératlbm ghd can be
because cross-interfer nc di ffusi.on can be
comemETYGErBIad s g eniod ot g RIS IV BB0r f or m

multi-fold dilution of sanple, autonmatic

[00?8’8t - | D Righh SfifricPils BF BRANVERRINEHH be #8€d \Miﬁlymﬂlensny array-

91] Advant ageously, array dispensers are not
sensers vaithrhigh @enelpmtsaand §PBrifiehy. pxccaray ardk eliedility af the

Tot al ss a
empisits SieioosEnsiti, e kB i He RO Rerrerancs; dus o
dlﬁQQBHrHanl Ise ﬁfilﬁﬂtéd celithityd . desraiss ednvdi@Nxb ;@‘rfmm multl—fold
features, benefits and advant ages of the presen

dilytieneriseaplacautertatioRas)-imaabilFaEan pseke regimert, and washing.
understood fromthis description and the draw ngs by

[oobti se ski 'Ad%anta'gebngl bira &%%ke@&m\wec@@gw feﬁaperatmg

odi ments areinte ded o be illustrative onl
blOChlpBGﬂlsm&ysdd hemm@[otﬂma&yitméh bad berreduced nomp@r@d ’tO

co i ERRLIGubS, TRRTBA el b € Ry

dedrBM&&d.i on, rather, is intended to enconpass all such
modi fication within its scope, as

[0092] Other features, benefits and advantages of the present invention not
expressly mentioned above can be understood from this description and the

drawings by those skilled in the art.

[0093] The above described embodiments are intended to be illustrative
only and in no way limiting. The described embodiments are susceptible to many
modifications of form, arrangement of parts, details and order of operation. The
invention, rather, is intended to encompass all such modification within its scope, as

defined by the claims.
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defined by the claims. WHAT IS CLAIMED IS: 1. A
m crochip conprising: a substrate; an inlet channel in

W@ 200d/0s2bxst rat e; an outl et channel in said subBCT/&GH05/000112
for guiding fluid below a fluid level; a plurality of
test channels in said substrate for guiding fluid flow
fromsaid inlet channel to said outlet channel, each

WHAVE ISCLMMED K2t channel s having an inlet for fluid

conmuni cation with said inlet channel and an outl et
for fluid comunication with said outlet channel, said
i nl et eI evated fromsaid outlet for inhibiting back

1 flowt 3'%h sai.d inlet, said outlet elevated from
: é\a'“lff?? P MRTENG-or | nhi bi ting back flow through said

outlet; and . . one test site in each one of said test
alsbstrats; for detection of at |east one of a specific
nol ecul e and a nol ecul ar interaction at said test
ahtislet @hanied imsaidosutisprate; cl ai m 1, wherei n each one of
said channels has a substantially flat bottom said

BAtduast eharsidl Gn aidesubshata fir glidingtieit belom dfibiddevelpf
said test channels, said bottons of said test channels

Sﬁﬁl‘!@h@poff té%l%ﬁdr%@mt éé?ﬂhﬁbsﬁéﬂeofoﬁ glidgig famee!l from: said inlet

ochip of claim1 or claim2, wherein at | east
ohanngl te saitl oumt abasnekeach omgrafseid tesiishanmnels hayingi aminlet for

dth T
b oo e LGN B oM 9 14 Bofrcication
MR RaRe oliffettdHapitieh daidinlet dlevdtbdiront saidoswtht easr inhibitingrback
sai d outlet channel than in said. inlet chan

flowtbecnigh ssiid inlot, sald eutlet elpvated from gaidfhug vsl f@aerhlgltmg
Q@K ﬁf)wst@qu‘lgtzheﬁld%hiléls grprises a surface suitable

or I o I ng speC| mol ecul es thereon. 6. The

m cr G Y, [ Of 7 '
88%6; tﬁdﬁ ragﬂo esgaEcIi ’léé-ss?lcﬁﬁn eIIE,i éieft(%‘rfteagcﬁ at least one of a
spédifi¢ ardlecllé end saiotequiabiateratiarubesaid dsstrafes peci fi c
affinity to selected target nolecules.7. The m crochip

2. ?ﬁ_ﬁ%ﬁ 3 of &l (ﬁﬁ N wiickdif'e&idh &?{é)é’gséﬁ lREHhES r%"se? substantially

ferent ones o test sites
flat taﬁttdm,gszdd hotioanof $ad geet clrewslletevatéd friohebotiams ofisaid test
gﬂ;@r?rgﬁqus,?{a?q,goﬁoms &B said %est chaIIrlféIEsh(?evarigcm?rr()nwS s4id Bottom of said

outlet channel.

3. The microchip of claim 1 or claim 2, wherein at least one of said test channels

comprises a well for holding fluid therein.

4. The microchip of any one of claims 1 to 3, wherein said inlet and outlet channels
are adapted to allow a liquid to flow at a greater rate in said outlet channel than

in said inlet channel.

5. The microchib of any one of claims 1 to 4, wherein each one of said test sites

comprises a surface suitable for immobilizing specific molecules thereon.

6. The microchip of any one of claims 1 to 5, further comprising probe molecules
immobilized at each one of said test sites, said probe molecules having specific

affinity to selected target molecules.
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el ectrodes, one of said electrodes at each one of said
test sites. 9. The mcrochip of claim8, wherein at

wo e@soane of said test channels conprises a nBCT/OGEES/000112
section proximate said test site in said at |east one
test channel for guiding fluid towards said test site.

. Th ' hj | ai ' , in Ssaid ..
7. SRerEr Tt B Bedofl s Brpler b RUR Rl A i doiizod o
diffarestoried off $3i€ te AMBE ifer dtedting diffetérittafet saslendes.
el ectrodes, one of said second el ectrodes I n each one

of sajd test channels. 11.The m crochip of claim 10,
8. Wheraicrrclip af any eneafalaimsdete Grfurthea epmprsiBgpluEty of

BicftoBEr S Bt Sl AR s A AR b e e,

channels is uniquely addressable. 12. The m crochip of
9. Thaimicidthip of tlairm8] Whefreintaideast omerofsiaid) tast channels comprises a

BaIr N mecHBh RPeXBETa SpIcORE! Sie I SiNia leash one TSsAiABIR for
?Qﬂdﬂ‘ﬁ;‘ﬁﬁiﬂ t&ﬂgﬁj@éﬁgqé&e&@_ substantially in parallel.
CThe m crochip o

any one of clainms 1 to 13, further
conprising a dilution channel formed in said _
10.$hésnicedabjp obéldindisl endlaim 8hwherslin saidfplurality of electrodes are first

RPEpar s piprasicfiringh SaRpg SR Bl Y o k08 Biectrodes,
bRASF saidescrondledtiddis ih@achasiRPdf «xid edstahamnerd fl uid
to dilute said first fluid. 15. The mcrochip of claim

14, wherein said at |east one second ial et corrgri ses a

11. phemairiachipef clate A8, whereia saickfirshgleg{redss gre nierceppected and
£ Mool S R e Bl B o s
olectrodés in eAcltbaée of $6id tekbclanmeds BODVEquely fasldeessabdach
one of at |east one of said plurality of test sites is

12, PR i o BB AR IE P PL K LB AB b rhfeButes
PhRbBIliZdd prdaieid salddist sleteeddses are covalently
i mobi li zed on said PDVS- APTES surface through

cross-linkers. 19. The m. crochip of claim18, er ei
13. The mnigiashi of aepre G5 RAMS d g3 @Hﬁfe@ﬁ@"ﬁeﬂ\%aﬂneg extend
I d
gu%%t%@'@qﬁ?%g?lﬁgt hyl am nopr opyl ) car bodi -i m de. 20.

The microchip of any one of clains 1 to 19, wherein at
14. Thasticmohippdf any dne of claims 1 to 13, further comprising a dilution channel

formed in said substrate, said dilution channel in fluid communication with said
inlet channel and having a first inlet for reception of a first fluid and at least one

second inlet for reception of a second fluid to dilute said first fluid.

15.The microchip of claim 14, wherein said at least one second inlet comprises a

plurality of second inlets.

16. The microchip of any one of claims 1 to 15, wherein said substrate comprises

polydimethylisiloxane (PDMS).
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channels is adapted for connection to at |east one of

a punp and a valve for regulating fluid flow 21.A
woredohoes26f det ecti ng nol ecul es or nol ecul ar PCT/SG2005/000112

interaction, conprising: providing a mcrochip having

a substrate, an inlet channel in said substrate, an

utl et chan in [ t |
17. Bhts BB o LB B R SO sl B ddoe of deast one
&l SHiidl pREERTY OF Etisitas I thatediwith ainioprbpyitrigthaxailane (APTES),
out | eP for fluid comunication with said outl et
thba fiorening eaP BMSHARTES SYHBE® from said outlet, and one
test site in each one of said plurality of test

1o FHERTEkhE 1AL el B At 88 copans rmovice
SrRbaid PDMS-APTESSusadaithrolgh srassdinketd.et s by al | owi ng

overflow of said fluid fromsaid test channels to said

16, T ierasin BRI OoUNeregnERE: CTER NG BT I edt one of

, I0BIHY1-8LB i : bpyIRafsodiamide)
@g%&'@%m’%@fg f‘gr% %!rl?gl gf(ggja{ﬁig& Iiweiﬂtnqg)ip?e%w{ao anolt h(ler one

of said test sites; and after said fluid has been
20. Thet micochip ofanyzone obelainas 41indiSs wheeein @t lerpt ane ofsaid

ne of a | ecul e . I [
el & ol o7 eBicl A At 535t L 6 ABLMaRY gl for
,@ghmﬁgqfui@ﬂ@\'h,m 2 1, wherein said detecting conprises
detecting a signal indicative of at |east one of the
resence of said nolecule and the occurrence of .said
21. Avonetbon #f Optacding rolsRUIes rdnalegHiEY BRSPS FYMRISHEast
one of optical, electrical, magnetic, radiation, and
srooilingamgiorichip hagnglesslisstrEie, areintetchahnel ini said subsirate, an

S Shaspel e BeRENe T RhB5 SR sadf hrte
égcl'{wl"i‘é\ﬂ% aA0hREHrSRIRBEMMRRAEARIN With 86id ififet chAnhBRand an
met hod of any one of clains 2 1 to 23, wherein said at

outlet fordfhdd sbmepimicatiorewithsaichautiel chenngl, saist el @levated from

s S5hSE e 351 ko] 4 LSOOI B R E Y e
ST AP R

i\r/\mﬂi(?arit(ienlgnba?c(?kI f(ljovb: lo'ie\sgi%r%rkli ?ﬁr%ugh said inlets and outlets by allowing

overflow of said fluid from said test channels to said outlet channel through said
outlets and maintaining the fluid level in said outlet channel below said outlets,
thus inhibiting diffusion of molecules in said fluid from one of said test sites to

another one of said test sites; and

after said fluid has been introduced to said test channels, detecting at least one
of a molecule and a molecular interaction at a test site within said plurality of

test sites.

22.The method of claim 21, wherein said detecting comprises detecting a signal
indicative of at least one of the presence of said molecule and the occurrence of
said molecular interaction, said signal comprising at least one of optical,

electrical, magnetic, radiation, and electromagnetic signals.
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el ectrochemcal EIA (EIA-EC). 27. The nethod of any

one of clainms 24 to claim 26, wherein said EIA
w@eopires one of direct EIA conpetitive ElA PCT/SG2005/000112

conpetitive inhibition EIA and sandwi ch EIA: 28. The

nmet hod of any one of clains 2 1 to 27, wherein said

25 H S of S 23 JSE55, el 658 FgBludh SElmgbivec
étesf’a? %lt ffoﬁéélgcf?\}eﬂfhéﬁl@ﬁﬁ Ht |&RE DR tafzqge‘i%&eblﬁiéh and

etectln sai d el ectrlc si gnal
r@pbhedmﬁlewlasm 28, wherein said electric signal
conprises at |east one of a current, a voltage, and

24-3&" Bt S5 TEIRR 2 2 P ot ohe o sai

|el&ﬂé) h?cflesular htdragtioh fooeleBicerat @iid testisitedydenzyme
et c anne having a first inlet and at |east

mmunsmaylngw(l:'dﬂ) said introducing a fluid conprising
feedlng said fluid into said dllutlon channel through

25-@%\‘% %b?@ﬁgl‘%‘l@l‘%‘a%e@ﬁroug I(Tw S%Eeas h%n'eméégcond

ith@hosdtbbhbassayihd %ELGSA])I ui d | s recei ved in said
i nl et channel and thus said test channels.

26. The method of claim 24 or claim 25, wherein said EIA comprises
electrochemical EIA (EIA-EC).

27.The method of any one of claims 24 to claim 26, wherein said EIA comprises
one of direct EIA, competitive EIA, competitive inhibition EIA, and sandwich EIA. -

28.The method of any one of claims 21 to 27, wherein said detecting comprises
detecting an electrical signal and said microchip comprises a plurality of
electrodes, at least one of said electrodes at each one of said test sites for

detecting said electric signal.

29. The method of claim 28, wherein said electric signal comprises at least one of a

current, a voltage, and impedance.

30. The method of any one of claims 21 to 29, wherein said microchip further
comprises a dilution channel in fluid communication with said inlet channel and
having a first inlet and at least one second inlet, said introducing a fluid
comprising feeding said fluid into said dilution channel through said first inlet
and feeding a dilution fluid into said dilution channel through said at least one
second inlet so that a diluted fluid is received in said inlet channel and thus said

test channels.
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